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Economic efficiency of investment
in innovation in a knowledge-based economy

M Abstract. The purpose of the study was to analyse the impact of gross domestic expenditure on research and development
on key indicators of knowledge-based economy performance in the short- and long-term using data from developed and
developing countries. The results of the study showed an increase in attention to investment in innovation in a global
sense. The leading countries and regions for investment in innovation are the United States of America, the EU, China,
and Japan. Regression analysis of the short-term impact of gross domestic expenditure on research and development
on key indicators of economic efficiency (level of human development, productivity, and gross domestic product (GDP)
per capita) revealed a statistically significant impact only on the indicator of the level of human development. But the
analysis of the long-term impact of this indicator on the example of data from the EU countries revealed the statistical
significance of this impact on all dependent variables. This proved that investments in innovation have a cumulative effect
that manifests itself in the long term. The identified impact on the indicator of the level of human development in both
the short and long term indicates the fundamental role of investment in innovation in such development. The analysis
of data from Kosovo revealed an inverse correlation between gross domestic expenditure on research and development
and GDP per capita and human development. This revealed the low efficiency of investment in innovation in the country
and suggested that Kosovo may need more time to achieve a positive cumulative effect from investments. Accordingly,
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the government of Kosovo should build on the successful international experience of developed countries in developing
innovation investment initiatives and establishing international cooperation. In addition, investing in innovation may not
have an immediate positive effect, and it takes longer to achieve it

M Keywords: gross domestic expenditure on research and development; human development index; productivity; gross
domestic product per capita; cumulative effect; short-and long-term perspective; level of development

N INTRODUCTION

Industry and agriculture are priority sectors of the econo-
my for developing countries. In turn, advanced economies
focus their efforts on the development of the service sec-
tor, an important element of which is knowledge-based
activities. This concept is called the “knowledge econo-
my” or “knowledge-based economy”. The key factor in the
development of a knowledge-based economy is human
capital, in particular, its intellectual abilities and knowl-
edge (Novykova et al., 2022). An important role is played
by investment in innovation, which provides the develop-
ment of a knowledge-based economy with wider opportu-
nities for creating new knowledge. The pace of transition
to a knowledge-based economy on the part of developing
countries, in particular Kosovo, is significantly delayed
(Phale et al., 2021; Fazliu, 2024). During the last report-
ing period, Kosovo has achieved very limited progress in
research and development (R&D). The country did not
maintain previous results in the EU research and inno-
vation framework, and most of the Commission’s recom-
mendations from the previous year remained unfulfilled
(Kosovo 2024 report, 2024). Improving the quality of edu-
cation and aligning existing educational approaches with
market requirements remain key challenges (Melnikova &
Gilsanz, 2024). In addition, Kosovo lags significantly be-
hind in terms of funding for research and innovation, be-
cause in 2024 only EUR 15 million were allocated for R&D,
which is about 0.1% of GDP, and according to the law, this
figure should be at least 0.7% of GDP (Law of the Republic
of Kosovo No. 04/L-135, 2013). Kosovo’s Horizon Europe
results also declined significantly in 2023, with a drop of
about 75% compared to the previous period. Among the
positive aspects is the support of female students by the
Ministry of Education, Science, Technology and Innova-
tion, although the country lacks a clear gender strategy
(Kosovo 2024 report, 2024).

Problems in the development of innovation activities
in Kosovo encourage national researchers to carefully ana-
lyse successful world practices and find ways to solve exist-
ing challenges. L. Aliu Mulaj & B. Dedaj (2022) concluded
that achieving long-term success in the economy requires
constant innovation. Researchers noted the importance of
intellectual human capital and science for effective tech-
nological development and investment in R&D. A compar-
ison was made between the share of R&D in the GDP of
thirty countries, including the Balkan countries. The re-
searchers concluded that investment in R&D in the Balkan
countries significantly lags behind the indicators of eco-
nomically powerful countries. The comparison was made
to assess different opinions, which can lead to the identi-
fication of ways to increase economic growth. G. Jusufi &
S. Ajdarpasic (2020) assessed the impact of EU research and
education programmes on higher education institutions in
the Balkan countries, focusing on Kosovo. It was found that
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higher education institutions in the region lack the finan-
cial capacity to update curricula, programmes, and develop
research projects. That is why national educational insti-
tutions should rely on EU research programmes that can
solve the funding problem. The need for close cooperation
with the EU was also emphasised by Z. Dedaj (2022), who
noted that at the present stage, the efforts of universities
to create knowledge in Kosovo are contradictory, but the
positive aspect is the deepening of cooperation with inter-
national donors such as the EU.

E. Krasniqi et al. (2020) demonstrated the structure of
Kosovo’s R&D initiatives. The researchers noted that Koso-
vo’s economy has experienced some growth, not least due
to consumption and investment. However, the number of
innovative enterprises in the country remains quite small.
According to Z. Dedaj et al. (2022), innovation process-
es and knowledge circulation between enterprises can be
stimulated through open innovation. However, a signifi-
cant proportion of companies operating in the innovation
sector in Kosovo are not familiar with the mechanisms of
innovation relations. Using the example of two successful
companies in Kosovo, it was found that the main source of
innovation is investment in R&D. Such investments would
allow companies to gain access to the new equipment and
skilled labour necessary for successful innovative develop-
ment. In most of the research papers, there was a lack of in-
formation about investments in R&D in Kosovo. Moreover,
little attention has been paid to comparing the short- and
long-term effects of such investments. This study sought
to fill in the gaps identified by summarising available in-
formation on Kosovo’s innovation and investment activi-
ties and analysing the impact of investment in innovation
using the example of leading countries. The purpose of the
study was to analyse the impact of R&D costs on the main
indicators of the effectiveness of a knowledge-based econ-
omy in the short and long-term using the example of coun-
tries with different levels of development.

®m MATERIALS AND METHODS

The research procedure was initiated with the disclosure of
the indicator of investment in R&D in a knowledge-based
economy. A statistical analysis of the indicators of total
global spending on R&D (Total global spending..., 2022)
and R&D investment by industry and world region (Dis-
tribution of the 2,500..., 2024) was carried out. Analysis of
the first of the presented indicators determined the rapid
growth of the indicator values. The analysis of the second
indicator provided an opportunity to identify which re-
gions of the world are leaders in R&D investment, includ-
ing priority industries for investment. These indicators
enabled a rapid analysis of the status and priority areas of
investment in R&D. However, in the subsequent course of
the study, the gross domestic expenditure on research and
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development (GERD) indicator was used (Leading coun-
tries..., 2024). This indicator is more indicative, because it
allows estimating investment in R&D as a percentage of
GDP in individual countries, eliminating the impact of the
absolute size of the economy.

A predictor of the development of the knowledge
economy is human capital, which justifies the introduction
of the Human Development Index (HDI) into the analy-
sis (Human Development Index..., 2024). This indicator
can demonstrate long-term changes in human develop-
ment that form the basis for the development of a knowl-
edge-based economy. Along with the noted indicator, an
indicator of labour productivity was included in the anal-
ysis process (GDP per hours worked), which is effective
for evaluating current economic activity (Most productive
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countries, 2024). The analysis also includes the GDP per
capita indicator, which assesses well-being and charac-
terises the potential for further development in a knowl-
edge-based economy. HDI, GDP per hours worked, and GDP
per capita were the main indicators of economic efficiency
of the countries under study. The characterised indicators
became the information basis for conducting correlation
and regression analysis, during which the GERD indicator
acted as an independent variable, and HDI metrics, GDP
per hours worked, and GDP per capita (alternately) — as de-
pendent. The idea of the study was to conduct correlation
and regression analysis in two stages. Initially, indicators
for a number of leading countries for a single period were
taken to assess the short-term impact of investment in in-
novation on economic efficiency (Table 1).

Table 1. Data for Stage 1 of the correlation and regression analysis

Region GERD, % of GDP GDP per capita HDI GDP per hours worked
Austria 3.2 56,505.97 0.926 95
Belgium 3.41 53,475.29 0.942 100
Czech Republic 1.96 30,427.42 0.895 57
Denmark 2.89 67,967.38 0.952 104
Estonia 1.78 29,823.75 0.899 55
Finland 2.96 53,755.91 0.942 85
France 2.18 44,460.82 0.91 87
Germany 3.13 52,745.76 0.95 91
Greece 1.49 22,990.01 0.893 45
Hungary 1.39 22,147.21 0.851 52
Iceland 2.66 78,811.06 0.959 90
Ireland 0.96 103,684.9 0.95 163
Italy 1.32 38,373.17 0.906 74
Japan 341 33,834.39 0.92 53
Latvia 0.76 23,184.31 0.879 58
Lithuania 1.02 27,102.78 0.879 61
Luxembourg 0.98 128,259.4 0.927 131
Netherlands 2.3 62,536.73 0.946 92
Norway 1.56 87,961.78 0.966 162
Poland 1.46 22,112.86 0.881 56
Portugal 1.7 27,275.11 0.874 56
Slovakia 0.98 24,470.24 0.855 57
Slovenia 2.11 32,163.51 0.926 62
South Korea 5.21 33,121.37 0.929 50
Spain 1.44 32,676.98 0.911 69
Sweden 3.41 56,305.25 0.952 96
Tiirkiye 1.32 12,985.75 0.855 61
United States 3.59 81,695.19 0.927 92
China 2.43 12,614.06 0.788 14.6

Source: compiled by the authors based on Leading countries by research and development (R&D) expenditure as share of
gross domestic product (GDP) worldwide in 2022 (2024), GDP per capita (current US$) (2024), Human Development Index
(HDI) by country 2024 (2024), Most productive countries (2024)

The second phase covered indicators for a single re-
gion (EU countries) over a ten-year period to assess the

long-term impact of R&D investment on the economic ef-
ficiency (Table 2).

Table 2. Data for Stage 2 of the correlation and regression analysis

Period GERD, % of GDP GDP per capita HDI (average) GDP per hours worked
2013 1.58 46,003.71 0.874 55.2
2014 1.59 46,657.58 0.876 55.8
2015 1.91 47,656.09 0.878 56.7
2016 1.91 48,517.05 0.88 574
97 -II
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Table 2. Continued

Period GERD, % of GDP GDP per capita HDI (average) GDP per hours worked
2017 1.91 49,894.32 0.882 58.1
2018 1.85 50,933.56 0.884 58.9
2019 1.99 51,884.56 0.885 59.6
2020 2.01 48,901.39 0.886 59.2
2021 1.91 51,916.83 0.886 60.3
2022 2.17 53,758.88 0.887 61

Source: compiled by the authors based on Leading countries by research and development (R&D) expenditure as share
of gross domestic product (GDP) worldwide in 2022 (2024), Most productive countries (2024), Human Development Index

(HDI) by country 2024 (2024)

An additional stage of work was the correlation and re-
gression analysis based on data from Kosovo (Table 3). Access
to data for analysis for Kosovo is very limited, in particular,
there is no data on the indicator GDP per hours worked and
GERD. The first of these indicators was not considered in the

analysis, because it is partially compensated by data on oth-
er dependent variables — HDI and GDP per capita. However,
GERD as the only independent variable in the analysis can-
not be excluded, so the paper used the average GERD for the
Balkan countries instead of the GERD indicator for Kosovo.

Table 3. Data for an additional stage of correlation and regression analysis based on Kosovo data

Period GERD, % of GDP (Balkans average) HDI GDP per capita
2010 3.333333 0.713 2.981
2011 0.9 0.722 3.524
2012 1.025 0.732 3.411
2013 0.88 0.736 3.705
2014 0.86 0.741 3.903
2015 0.8 0.746 3.521
2016 0.74 0.749 3.759
2017 0.74 0.754 4.009
2018 0.78 0.757 4.384
2019 0.78 0.756 4416
2020 0.9 0.755 4.311
2021 0.925 0.756 5.271
2022 0.533333 0.757 5.291

Source: compiled by the authors based on Leading countries by research and development (R&D) expenditure as share
of gross domestic product (GDP) worldwide in 2022 (2024), Kosovo GDP per capita 2008-2024 (2024), Subnational HDI

(v8.1) (2024)

The selection of countries and regions for analysis
considered the data of statistical analysis, which helped to
identify the leading countries in R&D investment. Focus-
ing on data from advanced countries allowed assessing the
specifics of investing in R&D in countries that set trends in
global innovative development. Consideration of the data
from Kosovo helped to assess the relationships under study
using the example of a developing country. The final data
sample was compiled after multicollinearity analysis, and
the exclusion of individual countries for which data were
not available on official sources of information. The anal-
ysis used data for 2022, because these were the latest data
available on official sources.
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M RESULTS AND DISCUSSION

Statistical overview of key trends

in innovation investment

Knowledge-based economics focuses on the production and
sale of innovations and research results, such as scientific
discoveries, which are transformed into commodities by ap-
plying various mechanisms to protect intellectual property.
Investments provide activities related to research and inno-
vation development with the necessary funds and resources.
The structure of the R&D indicator provides an idea of the
world leaders in investment in innovation, and priority in-
dustries for investment. Figure 1 shows the dynamics of Total
global spending on R&D during the period from 1996 to 2022.

u Total global spending on R&D, billion US dollars

2012 2014 2016 2018 2020 2022

Figure 1. Global spending on R&D
Source: compiled by the authors based on Total global spending on research and development (R&D) from 1996 to

2022 (2022)
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As can be seen from Figure 1, spending on R&D has
only increased over the past quarter-century, and global
spending has increased almost 4.5-fold over this period.
The only period when the indicator experienced some de-
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cline was 2020. The main players in the R&D market are
developed countries, in particular, the United States of
America (USA) and the EU countries, although China and
some other countries make a great contribution (Fig. 2).

Total 14.7 9.2 15.9 mUSA
Others 16.8 12.6 19.9 EU
Industrials 21.4 13.2 14.2 Japan
ICT services 84 2MNPYFIEE 12.6  mChina
ICT producers 89 10 21.9 Rest of the world
Health industries 11.8 5.1 11.5
Financial 39 ( 20.3 25.4
Energy 33.3 10.6 15.3
Construction 13.6 15.2 10.6
Chemicals 13.3 24.8 14.2
Automobiles & oher transport 20.3 15.1 15.1
Aerospace and defence 29.3 26.8
0 20 40 60 80 100

Figure 2. Countries’ investment in R&D by industry, billion EUR
Source: compiled by the authors based on Distribution of the 2,500 leading global research and development (R&D)

spending companies in 2022, by region and industry (2024)

As can be seen from Figure 2, the leader in investment
in priority industries is the United States. The EU, China
and Japan also play an important role. Along with material
investment, the effective use of human knowledge and in-
tellectual experience is important in the knowledge-based
economy. The development of human capital is a key pre-
dictor of the transition to a knowledge-based economy, be-
cause it provides the basis for its development (Bokovets et
al., 2024). Potentially, between investments in innovation,
in particular the GERD indicator, and the HDI indicator,
GDP per hours worked, and GDP per capita have a mutu-
al relationship. These indicators show the effectiveness of
a knowledge-based economy, because they describe such
efficiency at the intersection of the economic and social
spheres. They comprehensively characterise human cap-
ital as a key element of a knowledge-based economy in
terms of intellectual and physical potential, productivity,
and well-being, forming the basis for short-and long-term

growth. Thus, by measuring the impact of investment in
innovation on the observed indicators, it is possible to de-
scribe the economic efficiency of investment in innovation
in a knowledge-based economy.

Correlation and regression analysis

of the short-and long-term impact of investment

in innovation according to data from leading countries
At this stage of correlation and regression analysis, the
short-term impact of investment in innovation was an-
alysed. For this purpose, the GERD indicator and knowl-
edge-based economy performance indicators — GDP
per capita, HDI, and GDP per hours worked — were used
to sample countries over a single time period (Table 4).
The results of correlation analysis for a sample of coun-
tries over a single period do not show a close correlation
between GERD and performance indicators of knowl-
edge-based economics.

Table 4. Results of correlation analysis for a sample of countries for a single period

GERD, % of DGP GDP per capita HDI GDP per hours worked
1
0.081899934 1
0.404316266 0.70345033 1
-0.038939625 0.88735315 0.742319 1

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as
share of gross domestic product (GDP) worldwide in 2022 (2024), GDP per capita (current US$) (2024), Most productive
countries (2024), Human Development Index (HDI) by country 2024 (2024)

There is a fairly strong relationship between GDP
per capita, HDI, and GDP per hours worked indicators.
This indicates a complex mutual influence between the
studied indicators, in particular, it can be assumed that
human capital and productivity form the basis for im-
proving the overall well-being of the population. Table 5
shows the results of regression analysis between GERD
indicators (as an independent variable) and GDP per

capita for sample countries for one period. The result-
ing model has little explanatory power, and the effect of
GERD on GDP per capita is not statistically significant in
the short term. Statistical significance Intercept (p<0.05)
indicates the possible existence of influential variables
not considered in the calculations. The next stage of re-
gression analysis describes the effect of the GERD indica-
tor on HDI (Table 6).
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Table 5. Results of regression analysis for a sample of countries for a single period, dependent variable — GDP per capita

Coefficients St:ﬁ(:;rd t stat p value Lower 95% | Upper 95% | Lower 95% | Upper 95%
Intercept | 41,936.57 | 12,289.8 3.41 0 16,719.99 | 67,155.15 | 16,719.99 | 67,153.15
GEI})D(;P/" of | 5179.14 5,103.39 0.43 0.67 -8292.15 | 12,650.43 | -8,292.15 | 12,650.43

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as share of
gross domestic product (GDP) worldwide in 2022 (2024), GDP per capita (current US$) (2024)

Table 6. Regression analysis results for a sample of countries for a single period, dependent variable — HDI

Coefficients St:ﬁiird t stat p value Lower 95% | Upper 95% | Lower 95% | Upper 95%
Intercept 0.88 0.02 53.73 0 0.84 0.91 0.84 0.91
GEI]{)DC’I;’ of 0.02 0.01 2.3 0.03 0.00 0.03 0.00 0.03

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as share of
gross domestic product (GDP) worldwide in 2022 (2024), Human Development Index (HDI) by country 2024 (2024)

The results of the analysis show that the GERD indica-
tor has a statistically significant impact on the level of hu-
man development (p =0.002). Accordingly, such an impact

can be tracked already at the stage of short-term analysis.
Results of regression analysis of the impact of investment in
innovation on GDP per hours worked are shown in Table 7.

Table 7. Regression analysis results for a sample of countries
for a single period, dependent variable — GDP per hours worked

Standard

Coefficients error t stat p value Lower 95% | Upper 95% | Lower 95% | Upper 95%
Intercept 80.87 14.49 5.58 0 51.15 110.6 51.15 110.6
GEI]{)%P/) of -1.22 6.02 -0.2 0.84 -13.56 11.12 -13.56 11.12

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as share
of gross domestic product (GDP) worldwide in 2022 (2024), Most productive countries (2024)

As in the case when the dependent variable was GDP per
capita, this model does not show high explanatory ability.
The impact of GERD on GDP per hours worked is not statis-
tically significant, but the p values for Intercept suggest the
existence of influential variables that are not represented in
the model. Thus, in the short term, investment in innovation

has the greatest impact on the human development indica-
tor. To analyse the long-term impact of investment in inno-
vation on the performance indicators of a knowledge-based
economy, indicators for one region — EU countries — over
a ten-year period of time were used. The results of corre-
lation analysis for this sample are presented in Table 8.

Table 8. Results of correlation analysis for EU countries over a ten-year period

GERD, % of DGP GDP per capita HDI (average) GDP per hours worked
GERD, % of DGP 1
GDP per capita 0.794888 1
HDI (average) 0.851443 0.898074 1
GDP per hours worked 2022 0.853218 0.954637 0.981321 1

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as
share of gross domestic product (GDP) worldwide in 2022 (2024), GDP per capita (current US$) (2024), Most productive
countries (2024), Human Development Index (HDI) by country 2024 (2024)

All the indicators under study are closely correlated
with each other. This may indicate a significant long-term
relationship between investment in innovation and the

performance indicators of a knowledge-based economy.
These results should be supplemented using regression
analysis (Tables 9-11).

Table 9. Results of regression analysis for EU countries over a ten-year period, dependent variable — GDP per capita

Coefficients St::}::zrd t stat p value Lower 95% | Upper 95% | Lower 95% | Upper 95%
Intercept | 28,724.33 | 5,660.31 5.07 0 15,671.63 | 41,77703 | 15,671.63 | 41,777.03
GE%D(:]P/" of | 1100848 | 2,995.21 3.71 0.01 419151 | 18,005.45 | 4,191.51 | 18,005.45

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as share of
gross domestic product (GDP) worldwide in 2022 (2024), GDP per capita (current US$) (2024)

I.- 100
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The observed model has a significant explanatory ca-
pacity, since changes in GDP per capita by about 58% are
explained by changes in GERD (as evidenced by the coef-
ficient of determination). The effect of GERD on GDP per
capita is significant, because p=0.01. Thus, in the long run,

B.R. Rexhepi et al.

investment in innovation significantly affects the GDP per
capita indicator, and therefore, the well-being of the popu-
lation. Table 10 contains the results of regression analysis
for EU countries over a ten-year period using an indicator
as a dependent variable HDI (average value).

Table 10. Results of regression analysis for EU countries over a ten-year period, dependent variable — HDI (average)

Coefficients St::‘lrcgrd t stat p value Lower 95% | Upper 95% | Lower 95% | Upper 95%
Intercept 0.84 0.01 94.06 0.82 0.86 0.82 0.86
GERD, % of
DGP 0.02 0 4.59 0.01 0.03 0.01 0.03

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as share of
gross domestic product (GDP) worldwide in 2022 (2024), Human Development Index (HDI) by country 2024 (2024)

This model also has a high explanatory capacity — ap-
proximately 69.1%. Impact of GERD on HDI (average) is
statistically significant, as is the influence of Intercept,
and therefore, the influence of other variables on the

dependent indicator is not excluded. Table 11 shows the
results of regression analysis for EU countries over a ten-
year period using the GDP per hours worked indicator as an
independent variable.

Table 11. Results of regression analysis for EU countries over a ten-year period,
dependent variable — GDP per hours worked

Coefficients Stzgiird t stat p value Lower 95% | Upper 95% | Lower 95% | Upper 95%
Intercept 41.03 3.73 11 0 32.44 49.63 32.44 49.63
0,
CGERD. of 9.13 1.97 4.63 0 4.58 13.68 4.58 13.68

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as share
of gross domestic product (GDP) worldwide in 2022 (2024), Most productive countries (2024)

The high explanatory capacity of this model is indi-
cated by an updated coefficient of determination equal
to 0.69. A statistically significant effect on GDP per hours
worked is observed by both GERD and intercept. In general,
all regression models for EU countries built to character-
ise the long-term impact of investment in innovation on
economic efficiency have demonstrated high explanatory
capacity and significant impact of GERD on other variables.

The inclusion of different approaches to correlation
regression analysis allowed evaluating two prospects —
short-term and long-term. Analysis of a sample of coun-
tries over a single period showed that the impact of GERD
on some performance indicators of a knowledge-based
economy may be weak at some stage, given the diversity of
the economies under study. Accordingly, it can be assumed
that in the short term, GERD is not a key factor in econom-
ic efficiency. An analysis of EU indicators over a ten-year
period showed that in the long term, GERD significantly
affects economic efficiency, and therefore, investment in
innovation can have a cumulative effect, the consequences
of which are manifested over time.

Special attention should be paid to the relationship
identified between GERD and HDI, after all, a significant
impact GERD on the latter indicator was observed both in
the short and long term. This demonstrates the critical role
of investment in innovation in human development, which
is that investment in innovation often involves spending
on science and education (Fernandez-Villarin & Cuen-
ca, 2023). This directly affects the improvement of access
to knowledge and the well-being of the population. In-
vestment in innovation is accompanied by technological

development, which contributes to better working condi-
tions, greater educational opportunities, and economic de-
velopment in general (Ketners & Petersone, 2021). In the
process of correlation analysis for both approaches, it was
confirmed that the growth of HDI is associated with both
increased productivity and GDP per capita growth. How-
ever, unlike GDP per capita, the HDI indicator considers
longer trends and is not significantly affected by short-
term fluctuations. It is more stable, which explains the
close relationship between HDI and GERD in the short and
long term.

Correlation and regression analysis based
on data from Kosovo
One of the key results of the analysis is that investment in
innovation can have a positive impact on the level of hu-
man development, labour productivity, and well-being in
the long term. The impact on the level of human develop-
ment was also observed in the short term. However, this
analysis was mainly focused on the indicators of advanced
countries. Therefore, it is worth checking the conclusions
obtained from data from less developed countries, in par-
ticular, on the example of Kosovo. A comparison of Kosovo’s
indicators with those of EU countries is shown in Table 12.
As can be seen from Table 12, Kosovo lags far behind
EU countries in terms of all the indicators mentioned. This
highlights the need for an additional phase of analysis for
Kosovo, which will help to understand the relationship be-
tween the indicators studied for less developed countries.
The results of the correlation analysis between Kosovo’s
indicators are presented in Table 13.
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Table 12. Comparison of average indicators of EU countries and Kosovo

GERD, % of GDP GDP per capita HDI
EU 1.88 49,612.4 0.8818
Kosovo 0.79* 4,257 0.7507

Note: *average for the Balkan countries

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as share of
gross domestic product (GDP) worldwide in 2022 (2024), GDP per capita (current US$) (2024), Human Development Index
(HDI) by country 2024 (2024), Kosovo GDP per capita 2008-2024 (2024), Subnational HDI (v8.1) (2024)

Table 13. Results of correlation analysis for indicators of Kosovo

GERD, % of GDP (average for Balkans) HDI GDP per capita
GERD, % of GDP (average for Balkans) 1
HDI -0.70515 1
GDP per capita -0.52329 0.792085 1

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as share
of gross domestic product (GDP) worldwide in 2022 (2024), Kosovo GDP per capita 2008-2024 (2024), Subnational HDI

(v8.1) (2024)

In the example of Kosovo, there was a significant nega-
tive correlation between GERD, % of GDP, and HDI and GDP
per capita indicators. This may indicate a low efficiency of
investment in innovation. It can also be assumed that Koso-
vo may need more time to achieve a positive long-term in-
vestment effect. In addition, a strong positive relationship

was found between HDI and GDP per capita. This may indi-
cate that the level of human development in Kosovo contrib-
utes to the improvement of the overall well-being, but this
is not through innovation, but through other sectors of the
economy. Table 14 contains the results of regression analy-
sis of GERD effects, where the dependent indicator is HDI.

Table 14. Results of regression analysis based on data from Kosovo, dependent variable — HDI

Coefficients St:ziird t stat p value | Lower 95% | Upper 95% | Lower 95% | Upper 95%
Intercept 0.76 0.01 141.24 0 0.75 0.77 0.75 0.77
GERD, % of GDP _ ~ B B
(Average for Balkans) 0.01 0 3.30 0.01 0.02 0 0.02 0

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as share
of gross domestic product (GDP) worldwide in 2022 (2024), Subnational HDI (v8.1) (2024)

The analysis confirmed the presence of a negative rela-
tionship between GERD and HDI for Kosovo. The detected
effect is statistically significant for both GERD and Inter-
cept, but the effect of Intercept is direct. This may indicate

that the level of human development in Kosovo is positively
affected by indicators not considered in the study. Table 15
contains the results of regression analysis, where GDP per
capita acts as a dependent variable.

Table 15. Results of regression analysis based on Kosovo data, dependent variable — GDP per capita
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Coefficients St::lri‘:rd t stat p value | Lower 95% | Upper 95% | Lower 95% | Upper 95%
Intercept 4,554.47 305.43 14.91 0 3,882.23 5,226.71 3,882.23 5,226.71
GERD, % of GDP -509.38 250.1 -2.04 0.07 -1,059.85 41.09 -1,059.85 41.09
(Average for Balkans)

Source: calculated by the authors based on Leading countries by research and development (R&D) expenditure as share of
gross domestic product (GDP) worldwide in 2022 (2024), Kosovo GDP per capita 2008-2024 (2024)

In this case, the impact GERD is also negative, but less
statistically significant (p < 0.1). Instead, the influence of
Intercept is direct and statistically significant, which, as in
the previous model, may indicate the presence of other in-
fluential variables. Thus, the assumption of low efficiency
of investment in innovation in Kosovo was confirmed, as
supported by information from the report, which should be
a signal for government officials to review existing policies
in the investment and innovation sectors (Kosovo 2024
report, 2024). The results of the analysis for Kosovo dif-
fer significantly from the results for EU countries. It was
found that GERD in the country is inversely correlated with
HDI and GDP per capita indicators. Differences in results
for Kosovo and leading countries indicate the feasibility of

using world practice in state initiatives. The development
of appropriate strategies should consider that investment
in innovation may not have an immediate effect, and it
takes a longer period of time to achieve positive results.
Knowledge is an essential requirement for the eco-
nomic growth of any country in the world (Pons Vives et
al., 2022) and knowledge-based capital is a source of inno-
vation and contributes to productivity growth (Zakharchyn
& Sytnyk, 2023). Based on innovations and technologies,
the movement towards the development and progress of
states is accelerating. Knowledge-based capital covers a
variety of intangible assets, including R&D, data sets, soft-
ware, etc. (Ismayil-Zada, 2023). The rapid development
of technology in the knowledge economy is leading to an
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increasing focus on investing in knowledge-based capital.
The conclusions of the study regarding the leading role
of human capital in a knowledge-based economy coin-
cide with the opinion of B.C. Olopade et al. (2020), R. Ro-
himah (2021) and S.K. Singh et al. (2021). The researchers
have noted that people’s knowledge and skills and human
development are key factors for achieving sustainable and
innovative development. Z.T. Bimagambetova et al. (2023)
identified the level of human development as a process of
increasing human opportunities through improving health
and education, longevity, gaining broader political and
economic freedoms, ensuring human rights and respect for
the individual. The researcher considered the level of hu-
man development to be the main factor in the transition to
a knowledge-based economy. In addition, B.H. Mohamed et
al. (2021) found that factors influencing human develop-
ment can vary significantly across countries and regions,
which was confirmed in this paper by comparing the results
of the analysis for the EU countries and Kosovo. Moreover,
I. Bgk et al. (2022) proved that even within the EU, the level
of development of the knowledge economy based on peo-
ple’s knowledge and skills varies significantly in different
regions, which significantly affects the innovation capa-
bilities of countries. Similar conclusions were reached by
C.F. Albu et al. (2020), who noted that such differences are
conditioned by the fact that some countries do not invest
enough in innovation, R&D.

The next key conclusion from the paper is to identify
the fact that investment in innovation can have different
impacts on HDI and other indicators studied in the short and
long term.].Hao et al. (2020) concluded that a lower intensi-
ty of investment in R&D has a positive effect on short-term
results, and an increase in this intensity reflects well on the
long-term effectiveness of innovation. These conclusions
can serve as a confirmation of the thesis of this paper re-
garding the cumulative effect of investment in innovation.
Another study that focused on the differences in short- and
long-term results of investment in innovation was con-
ducted by T.Y. Leung & P. Sharma (2021). The researchers
have shown that the intensity of R&D can have a negative
impact on short-term financial indicators, but they have a
positive impact on long-term indicators. This may indicate
the validity of the findings of this paper that Kosovo needs
a longer period to demonstrate the positive impact of in-
vestment in innovation. Now, as noted in the paper, invest-
ment in innovation in Kosovo has an inverse relationship
with the level of human development and GDP per capita.

In this paper, some additional conclusions were also
drawn about the mutual relationship of the indicators
under study. In particular, it was noted that investment
in innovation has a long-term positive impact on produc-
tivity. In contrast to these conclusions, D.B. Audretsch
& M. Belitski (2020) proved that R&D are less important
for productivity than knowledge dissemination. In addi-
tion, the paper revealed a positive relationship between
the level of human development, well-being and produc-
tivity. These conclusions were confirmed by H. Ostro-
vska et al. (2020), which substantiated the link between
well-being, health, intellectual potential, innovation, and
economic growth. In addition, such results were reflect-
ed in the study by T. Gulcemal (2020), who noted that
human development contributes to economic growth by
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analysing the HDI and GDP indicators of a number of de-
veloping countries. R. Dédecek & V. Dudzich (2022) iden-
tified the shortcomings of using such an indicator as GDP
per capita as an indicator of economic development and
well-being. The results of the study showed that coun-
tries with higher income inequality may be characterised
by a lower level of development than their GDP per capi-
ta indicator suggests. In this paper, the HDI indicator was
also used as an indicator of the level of development, and
therefore, the conclusions of researchers can be relevant in
the context of this study, which also revealed that GDP per
capita is not stable enough for an accurate assessment of
economic development. Thus, the conclusions of the study
correlate with the conclusions of other studies. In addition,
the results of this paper provide a new vision of the rela-
tionship between investment in innovation and the level
of human development, productivity, and GDP per capita
through an in-depth analysis of the impact of investment
in innovation in the short and long term.

B CONCLUSIONS

The results showed an increased focus on investment in in-
novation at the global level. As of 2022, global innovation
spending totalled USD 2,475.7 billion. Leading countries
such as the US, EU countries, China, and Japan are increas-
ingly investing in R&D. Their share in global R&D spend-
ing is more than 70% in the aerospace and defence indus-
tries, automotive, energy, finance, and other industries.
This allows them to maintain their competitiveness in the
international arena. Based on the results of a regression
analysis conducted on the data of these countries to iden-
tify the short-term impact of GERD on HDI, productivity,
and GDP per capita, a statistically significant impact at the
level of p=0.002 was recorded only on the human develop-
ment indicator. The results of the regression analysis for
EU countries, which included an assessment of the long-
term impact of GERD, showed a statistically significant
(p < 0.05) effect on all dependent indicators. Consequent-
ly, investment in innovation has a cumulative effect that
manifests itself over time. The identified impact of GERD
on HDI in the short and long term suggests that investment
in innovation plays a key role in human capital develop-
ment. In turn, human capital development is a more stable,
sustainable, and indicative predictor of economic growth
than other indicators under study, such as GDP per capita,
reflecting longer-term trends.

Along with analysing data from the world’s leading
countries, the study included regression analysis based on
data from Kosovo. This analysis showed the long-term im-
pact of investment in innovation on the country, although
given the limited data for Kosovo, the analysis did not in-
clude a national GERD indicator, but the average GERD in-
dicator for the Balkan countries. This is a limitation of the
study, because it can slightly distort the results due to the
combination of national indicators with a regional indica-
tor. Regression analysis of Kosovo data revealed an inverse
relationship between the average GERD and indicators of
GDP per capita and the level of human development. The
regression coefficients were -509.38 and -0.01 at signifi-
cance levels p=0.07 and p=0.01, respectively. Such results
of the analysis show the low efficiency of investment in in-
novation in Kosovo, which should be a signal for officials
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to reconsider the existing policy in the investment, inno-  of their impact on economic efficiency, such as indicators
vation and education spheres. Kosovo may need a much  of investment in education, considering short-and long-
longer period of time to achieve the positive effect of in-  term prospects.

vestment in innovation compared to advanced countries,

which is conditioned by the cumulative effect of such in- M ACKNOWLEDGEMENTS

vestments. This may indicate the need to reorient devel-  None.

opment policies from short-term goals to more sustaina-

ble and long-term ones. Future studies should include a M CONFLICT OF INTEREST

wider range of additional indicators for in-depth analysis  None.
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EKOHOMiIYHa ePeKTUBHICTb iHBeCTULIN
B iHHOBaLii B eKOHOMIiLi, 3acCHOBaHIiN Ha 3HaHHSAX

M AHoTtauif. MeTolo mociimkeHHS Oy/l0 NMpoaHali3yBaTM BIUIMB BaJOBUX BHYTPIIIHIX BUTPAT Ha JOCTiIKEHHS
Ta PO3pO6KM Ha KIIOUOBi MOKa3HUKM e(PeKTMBHOCTI €KOHOMiKM, 3aCHOBAHOI Ha 3HAHHSIX, Y KOPOTKOCTPOKOBIii Ta
IIOBTOCTPOKOBIi MepCIeKTUBi, BUKOPMCTOBYIOUM AaHi PO3BMHEHMX KpaiH Ta KpaiH, 10 pPO3BUBAIOThHCS. PesynbraTu
IOCTiIKeHHS 3aCBiIUMIM 3pOCTaHHS yBArK A0 iHBECTUIIili B iHHOBAIlii y mo6asbHOMY BUMipi. [IpoBimHMMM KpaiHamu Ta
perionamu 3a o6csiramu iHBecTuIIiii B iHHOBallii € Cionmydeni llITaTu AmMepuku, EBporneiicbkuii Coro3, Kutaii Ta InoHis.
PerpeciitHuit aHas1i3 KOPOTKOCTPOKOBOTO BIUIMBY BJIOBMX BHYTPIIIHIX BUTPAT Ha LOCTiIKeHHS Ta PO3POOKM Ha KITIOUOBi
MOKa3HMKM eKOHOMiUHOI e)eKTUBHOCTI (piBeHb JIOACHKOTO PO3BUTKY, IPOAYKTUBHICTH Mpalli Ta BaJ0OBUit BHYTPIiLlIHii
npoaykt (BBII) Ha myury HacesieHHS) BUSIBUB CTATUCTUYHO 3HAUYIIMI BIUIMB JIMILE HA TIOKA3HUK PiBHS JIIOACHKOTO
PO3BUTKY. Ajle aHasli3 TOBTOCTPOKOBOTO BIUIMBY I[bOTO MTOKA3HMKA Ha MPUKIAZi JaHUX KpaiH €Bporeiicbkoro Cow3sy
BUSIBUB CTaTUCTUUHY 3HAUYIIiCTh IIbOTO BIIMBY Ha BCi 3a/ieskHi 3MiHHi. Ile moBesio, mo iHBeCcTuIlii B iHHOBaIIii MalOTh
KyMYJISITUBHUIT eeKT, SIKUil TIPOSIBISIETHCSI B TOBTOCTPOKOBIi MmepcriekTMBi. BUsiBieHNiT BIUIMB Ha MOKA3HUK PiBHS
JIIOACHKOTO PO3BUTKY SIK Y KOPOTKOCTPOKOBIii, TaK i B JOBrOCTPOKOBiit mepcreKkTuBi CBigunTh Mpo GpyHIaMeHTaTbHY
poJb iHBECTU1Ii B iHHOBAllil y TAKOMY PO3BUTKY. AHasli3 faHMx 110 KocoBO BUSIBMB 3BOPOTHY KOPEJISLil0 MiK BAJIOBUMM
BHYTPiIlIHiMM BUTpaTaMM Ha TOCTiIKeHHS i po3po6ky Ta BBII Ha my1Ty HaceJeHHS i TI0CbKUM PO3BUTKOM. Ile cBimunTh
Mpo HU3BKY e(deKTUBHICTh iHBeCTHMIIi B iHHOBAIil B KpaiHi Ta mpumyckae, mo KocoBo mMoske 3HamoOUTHUCS Gibline
yacy AJisl TOCSTHEHHS TO3UTMBHOTO KYMYJISTUBHOTO edekTy Bin iHBecTuiliii. Bimmosimuo, ypsg KocoBa moBMHeH
CIIMPATUCS HA YCIIUTHMIT MisKHapOIHWI JOCBiA pPO3BMHEHUX KPaiH Yy po3po6ili iHHOBAIIiiHO-iHBECTULIIITHMX iHiliaTHUB
Ta HaJaroKeHHi MiKHapOAgHOro CcIiBpobiTHMUIITBA. KpiM Toro, iHBecTuilii B iHHOBaIlii MOXKYTb He MaTyu HeraifHOTO
MO3UTUBHOTO e(eKTy, i /IS 10r0 MOCATHEHHS MOTPiOHO 6iJblie uacy

M KnioyoBi cnoBa: BayioBi BHYTPillTHi BUTpATM Ha AOCTIIKEHHS i pO3pO6KH; iHIEKC TI0JCHhKOTO PO3BUTKY ; TPOAYKTUBHICTD;
BaJIOBUI BHYTPIllIHiii MPOAYKT HA MAYIIy HACeIeHHS; KyMY/ISITUBHMII edeKT; KOPOTKOCTPOKOBA i JOBTOCTPOKOBA
MepCIeKTMBa; PiBeHb PO3BUTKY
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