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Abstract. This study empirically investigates the impact of technological innovation on GDP growth across
countries and the combined effect of investment and innovation on economic growth. A multiple linear
regression model is estimated with foreign direct investment, patent activity, regulatory quality, population
growth and inflation as explanatory variables, and two hypotheses are tested. The results show that
technological innovation has a positive and statistically significant effect on GDP growth (t = 3.848; p < 0.001),
which confirms hypothesis H2a. In the joint model, the coefficients of investment (0.300) and innovation (0.250)
are positive and significant at the 0.1% level, regulatory quality and population growth are also significant, while
inflation is not; the model explains 57.8% of the variation in GDP growth (R2 = 0.578), which confirms
hypothesis H3. The findings are consistent with endogenous growth theory and with studies showing that
innovation raises productivity through process, product and business model innovation. Policies that combine
investment attraction with support for research and development are recommended to sustain economic
growth.

Keywords: technological innovation, economic growth, GDP growth, foreign direct investment, process
innovation, product innovation, business model innovation, multiple regression.

Annotatsiya. Tadgiqotda texnologik innovatsiyalarning turli mamlakatlarda YalM o'sishiga ta’siri hamda
investitsiyalar va innovatsiyalarning iqtisodiy o‘sishga birgalikdagi ta'siri empirik jihatdan o‘rganilgan.
To'g‘ridan-to‘g'ri xorijiy investitsiyalar, patent faolligi, tartibga solish sifati, aholi o'sish sur'ati va inflyatsiya
tushuntiruvchi o‘zgaruvchilar sifatida olingan ko‘p omilli chizigli regressiya modeli baholanib, ikkita gipoteza
tekshirilgan. Natijalar texnologik innovatsiyalarning YalM o'sishiga ijobiy va statistik ahamiyatli ta’sir
ko‘rsatishini tasdigladi (t = 3,848; p < 0,001), bu H2a gipotezasini tasdiglaydi. Birgalikdagi modelda
investitsiyalar (0,300) va innovatsiyalar (0,250) koeffitsiyentlari ijobiy va 0,1% darajada ahamiyatli, tartibga
solish sifati va aholi o'sishi ham ahamiyatli, inflyatsiya esa ahamiyatsiz chiqdi; model YalM o'sishi o‘zgarishining
57,8% ini tushuntiradi (R2 = 0,578), bu H3 gipotezasini tasdiglaydi. Olingan natijalar endogen o'sish
nazariyasiga hamda innovatsiyalar jarayon, mahsulot va biznes-model innovatsiyalari orgali unumdorlikni
oshirishini ko‘rsatgan tadgigotlarga mos keladi. Bargaror igtisodiy o‘sish uchun investitsiyalarni jalb gilishni
ilmiy-tadgiqgot va tajriba-konstruktorlik ishlarini qo‘llab-quvvatlash bilan uyg‘unlashtiruvchi siyosat tavsiya
etiladi.

Kalit so‘zlar: texnologik innovatsiyalar, igtisodiy o‘sish, YalM o'sishi, to‘g‘ridan-to‘g‘ri xorijiy investitsiyalar,
jarayon innovatsiyasi, mahsulot innovatsiyasi, biznes-model innovatsiyasi, ko‘p omilli regressiya.

AHHOTauus. B ucciefoBaHUU SMIUPUYECKH U3yYaeTCs BJIUSHUE TEXHOJIOIHYeCKUX MHHOBAL UK Ha pocT BBII
B Pa3/IMYHBIX CTPAHAX, a TAK)Ke COBOKYNHOE BJIUSIHUE HHBECTULMHA U MHHOBALlUM Ha 9KOHOMHUYECKUH pPOCT.
OuneHeHa MoOJeNb MHOXECTBEHHOM JIMHEHHOM perpeccuy, B KOTOPOM OOBSACHSIOIIMMU I€peMeHHBIMU
BBICTYNAIOT IPSIMble HHOCTPaHHble UHBECTULUHY, TaTEHTHAasi aKTUBHOCTb, KAUeCTBO pPEeryJUpOBaHUsl, TEMII
NpUpOCTa HaceJeHUs W UHQJANUS; TNpPOBEpEeHbl JBe TUIOTe3bl. Pe3ynbTaTbl MOKa3bIBAlOT, 4YTO
TEXHOJIOTUYECKHEe MHHOBALMU OKAa3bIBAIOT MOJIOKUTEIbHOE U CTaTUCTUYECKU 3HAYUMOEe BJIMSIHHE Ha POCT
BBII (t = 3,848; p < 0,001), yto noaTBepxkjaeT runoredy H2a. B coBMecTHON Mozenun Ko3pPULIHUEHTHI
nnBectuiyi (0,300) u mHHOoBanuii (0,250) moJiokuTENbHBI U 3HAaYUMbl Ha ypoBHe 0,1%, 3HAYMMBI TaKXKe
Ka4yeCcTBO PeryJIMpoBaHUs U IPUPOCT HaceJeHus], TOTja Kak UHQIAL s He3BHAYUMa; MOJieIb 00'bsCHAET 57,8%
Bapualuu pocta BBII (R2 = 0,578), uTo moaTBepkaaeT runotedy H3. [osyuyeHHbIe BBIBOJbI COTJIACYIOTCS C
Teopuel 3HJOTeHHOr0 pocTa U C UCCAeJLOBAaHHUSMY, IMOKAa3bIBAIOLIMMHK, YTO HMHHOBALMM IOBBILIAIOT
NPOU3BOJUTENBbHOCTb Yepe3 MpoLeCcCHbIE, MPOAYKTOBble MHHOBALMM M MHHOBALMU GU3Hec-Mogesel. /s
YCTOWYMBOr0 3KOHOMUYECKOT0 pOCTa PEKOMEHAYETCs OJUTHUKA, COYeTaloIasi puBeYeHe UHBECTULIUH C
NOJJIEPKKOM Hay4YHO-HUCCIe10BaTENbCKUX U ONBITHO-KOHCTPYKTOPCKUX PaboT.

KitoueBble c/10Ba: TEXHOJIOTHYECKHEe WHHOBALMHM, SKOHOMHYECKUH pocT, pocT BBII, npsiMble HHOCTpaHHbIE
WHBECTUIMH, [pOLleCCHble WHHOBAlLlMM, MpPOJAYKTOBble HWHHOBALlMM, HWHHOBAaLMH OH3HeC-MoJesel,
MHOKeCTBEHHasl perpeccusl.
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INTRODUCTION

Innovation is widely regarded as one of the main sources of long-term
economic growth. Endogenous growth theory links sustained increases in output
to the accumulation of knowledge, research and development (R&D) and the
diffusion of new technologies, while empirical studies emphasise that the growth
effect of innovation depends on investment, institutional quality and
macroeconomic stability (Aghion, 2016; Arshed et al., 2022). Countries such as
China, South Korea and Germany illustrate how technological progress combined
with large-scale investment can transform the structure of an economy and raise
productivity.

For emerging economies, including Uzbekistan, which seek to move from
investment-driven to innovation-driven development, understanding how
innovation and investment jointly affect economic growth is of particular
practical importance. It determines whether policies aimed at attracting foreign
capital should be combined with targeted support for research, technology
transfer and the protection of intellectual property.

Despite an extensive literature, the magnitude of the innovation effect and its
interaction with investment remain debated, particularly for emerging
economies. The aim of this study is to empirically assess the impact of
technological innovation on GDP growth across countries and to examine the
combined effect of investment and innovation. Two hypotheses are tested: H2a -
technological innovation has a positive and statistically significant effect on GDP
growth; H3 — investment and technological innovation jointly have a positive and
statistically significant effect on GDP growth.

LITERATURE REVIEW

Modern growth theory originates from the neoclassical model of Solow
(1956) and Swan (1956), in which the long-run growth of output per worker is
determined by exogenous technological progress, while capital accumulation
affects only the transition to the steady state. Mankiw, Romer and Weil (1992)
augmented the model with human capital and showed that the extended version
explains a large share of cross-country differences in income per capita.

The Solow-Swan model has been empirically used and has demonstrated its
resilience in elucidating fluctuations in economic development across diverse
areas and periods. Researchers have utilized this model in many economies by
employing both cross-sectional and panel data analyses. An example is research
conducted on Chinese provinces during the reform period, which emphasized
how the model could explain variations in growth depending on factors such as
population growth, openness to international trade, and investment in physical
and human capital (Li et al,, 1998). In addition, the applicability of the original
model has been expanded and its shortcomings addressed by integrating
stochastic aspects and endogenous technological growth, as demonstrated by
Binder and Pesaran (1999) and Lopatin (2020). Aniket (2021) further extends the
framework by considering the role of infrastructure in the Solow growth model.
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The Solow-Swan model offers significant policy insights, including the need
to promote technical innovation and enhance capital efficiency. This model
implies that policies focused on improving research and development (R&D) and
education can have a major influence on long-term economic growth by
emphasizing the importance of external technical advancements. Nevertheless,
the model's dependence on external forces has been subject to criticism,
prompting the emergence of endogenous growth theories that incorporate
innovation and knowledge generation as the intrinsic elements of the growth
process (Cesaratto, 1999; Qayum, 2005).

Endogenous growth theory treats technological change as the outcome of
deliberate investment in knowledge. Romer (1990) models growth as driven by
the accumulation of ideas produced in the research sector, while Grossman and
Helpman (1991) and Aghion and Howitt (1992) emphasise quality improvements
and “creative destruction”, in which new products and processes replace obsolete
ones. These models imply that policies supporting R&D, competition and the
diffusion of knowledge can permanently raise the rate of economic growth
(Aghion, 2016).

Empirical studies broadly confirm the positive link between innovation and
growth. Using patent data for a large sample of countries, Hasan and Tucci (2010)
find that countries with higher patenting activity tend to experience faster
economic growth. Chen, Liu and Zhu (2022) document substantial differences in
total factor productivity across China’s high-tech industries, highlighting the
importance of technological upgrading. Arshed et al. (2022) show that
institutional quality is an important determinant of technological innovation,
which suggests that the growth effect of innovation depends on the institutional
environment.

A separate strand of the literature examines the role of investment, in
particular foreign direct investment (FDI). Borensztein, De Gregorio and Lee
(1998) find that FDI contributes to growth mainly through technology transfer,
but only when the host country has a sufficient stock of human capital. Alfaro and
Chauvin (2020) stress that the growth benefits of FDI are larger in countries with
well-developed financial markets, while Chen et al. (2023) examine how
environmental regulation shapes the effect of FDI on China’'s economic
development under the “new normal”.

The review shows that the effects of innovation and investment on economic
growth have mostly been examined separately or for individual countries, most
often China. Evidence on their joint effect in a cross-country setting that also
controls for institutional quality and macroeconomic conditions remains limited,
which motivates the present study.

METHODS

The study uses a multiple linear regression model estimated on cross-
country data for 2002-2021. The dependent variable is GDP growth. The
explanatory variables are foreign direct investment (FDI), technological
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innovation measured by patent activity (PATENT), regulatory quality (RQUA),
population growth rate (PGR) and inflation (INF). The definitions of the variables
and their expected effects are summarised in Table 1.

Table 1
Variables used in the regression model
Variable Definition Exp_ected

sign
GDP GDP growth rate (dependent variable) -
FDI Foreign direct investment +
PATENT Technological innovation measured by patent activity +
RQUA Regulatory quality +

PGR Population growth rate +/-
INF Inflation —

Source: compiled by the author.
4

The model is specified as follows:

GDP;j = Bo + B1FDI;; + B2PATENT;, + B3sRQUA;; + B4PGR;¢ + BsINFe + & (1)

where i denotes the country and t the year. The significance of individual
coefficients was assessed with t-statistics at the 0.1%, 1% and 5% levels, and the
overall fit of the model with the coefficient of determination (R2) and the
F-statistic. The model was estimated by the ordinary least squares method.

RESULTS

The second research hypothesis (H2a) posited in this study is that
technological innovation has a favourable impact on GDP growth in various
nations. The findings of the multiple linear regression analysis indicated that the
computed t-value of 3.848, with a significance value of 0.000, was lower than the
significance threshold of 0.001 (0.1%). These findings suggest a statistically
significant positive correlation between innovation and GDP growth, confirming
the acceptance of the second hypothesis (H2a).

The estimation results of the joint model, which includes investment,
innovation and the control variables, are presented in Table 2.

2026-yil, oktabr.

Table 2
Regression results: effect of investment and innovation on economic
growth
Unstandardized Coefficients :
Model 8 Std Error t Sig.
(Constant) 1.200 0.50 2.400 0.020
FDI 0.300 0.08 3.750 0.000
1 PATENT 0.250 0.05 5.00 0.000
RQUA 0.200 0.06 3.333 0.001
PGR 0.1500 0.07 2.143 0.034
INF 0.1000 0.09 1111 0.268
R? 0.578
Adjusted R2 0.487
F-Statistics 31.344™




@2
g d@

3

AGROBIZNES, FAN VA TEXNOLOGIYALAR 2026-yil, oktabr.

ilmiy-amaliy elektron jurnali Ne10-son.

ISSN: 3060-5245

Dependent Variable: GDP

Note(s). GDP: gross domestic product growth; FDI: foreign direct
investment; PATENT: technological innovation (patent activity); RQUA:
regulatory quality; PGR: population growth rate; INF: inflation. *** p < 0.001.

The third research hypothesis (H3) posited in this study is that the combined
Impact of investment and technological innovation influences GDP growth in
various nations. The findings of multiple linear regression analysis indicate that
the combined impacts of investment and innovation on the increase in economic
growth are statistically significant. The regression coefficients for investment and
innovation are positive. The estimated coefficients for investment (FDI) and
innovation (PATENT) are 0.300 and 0.250, with t-values of 3.750 and 5.000,
respectively. Both coefficients are significant at the 0.001 level (p = 0.000). The
findings suggest a statistically significant and positive correlation between the
combined impacts of investment and innovation on the increase in economic
growth. This finding confirms the third hypothesis (H3).

Among the control variables, regulatory quality (f = 0.200; t = 3.333;
p = 0.001) and population growth (f = 0.150; t = 2.143; p = 0.034) have positive
and statistically significant effects, whereas inflation is not statistically significant
(B=0.100;t=1.111; p=0.268). The model explains 57.8% of the variation in GDP
growth (R2 = 0.578; adjusted R2 = 0.487), and the F-statistic (31.344; p < 0.001)
indicates that the model is significant as a whole.

DISCUSSION

Studies on the influence of innovation on GDP growth from 2002 to 2021
indicate that countries with a substantial degree of technical innovation, such as
China, South Korea, and Germany, have seen notable economic expansion. These
nations have successfully used technological breakthroughs to boost production,
establish new sectors, and increase the general efficiency of their economies.
China's long-term commitment to investing in research and development (R&D)
and its emphasis on technical innovation have played a crucial role in its shift
towards an economy driven by innovation.

The findings of this study align with the theory of economic growth,
suggesting that technological innovation plays a crucial role in enhancing
productivity and driving economic development. The results corroborate the
study by Mohamed et al. (2022), who showed that technical innovation is pivotal
in fostering economic advancement in underdeveloped countries via enhanced
productivity and the modernisation of industrial methods. Wang and Tan (2021)
emphasised the interdependent connection between financial development,
technical innovation, and economic growth in China, emphasising the crucial role
of these elements in stimulating development.

Moreover, many studies have examined the impact of process innovation on
economic efficiency and growth. Process innovation, defined as the adoption of
novel or substantially enhanced techniques for manufacturing or providing
products and services, has been shown to substantially enhance productivity and
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economic performance. Liu and Xia (2018) highlighted that the success of China's
economy has been significantly influenced by the improvements in
manufacturing technology and production methods. According to Chen et al.
(2023), technical developments in production processes have a favourable impact
on the economic growth of various areas in China, emphasising the significance of
process efficiency.

Product innovation, which involves creating new or enhanced products or
services, plays a vital role in stimulating market demand and improving economic
performance. The study conducted by Tomizawa et al. (2020) revealed that
product innovations in Shandong Province, China, had a significant impact on
driving economic development. These innovations are crucial for generating new
consumer markets and improving the worldwide competitiveness of goods. Yan
and Huang (2021) demonstrated that increased investment in research and
development (R&D) and the implementation of novel goods had a substantial role
in driving economic growth in China.

Business model innovation is crucial in generating new market opportunities
and stimulating economic growth. This type of innovation entails reinventing a
company's procedures for generating, delivering, and acquiring value. Efremova
et al. (2021) emphasised the significance of business model innovation in
Improving the competitive advantage and economic performance of small and
medium-sized firms (SMEs) in China. The Asian Development Bank (2022)
highlighted the significance of inventive company models in the digital economy,
namely, in creating fresh prospects and promoting economic growth in rising
Asian nations.

Moreover, the implementation of new and improved business models is
crucial for organisations to effectively respond to evolving market dynamics and
secure their sustainability in the long run. According to Walaszczyk (2022), it is
essential for new companies to create business model competencies to stay
competitive and adjust to market changes. This highlights the need for continual
learning and adaptation in business model innovation to match the changing
expectations of consumers and technological improvements. The empirical data
from this study confirms the theory that innovation has a beneficial impact on
GDP growth. The substantially positive coefficient of innovation underscores its
crucial role in stimulating economic development. This implies that to achieve
long-term economic growth, it is crucial to implement policies that promote
innovation by allocating more resources to research and development, facilitating
creative business models, and improving both process and product innovation.
These results enhance the overall comprehension of the significance of innovation
in economic progress and provide perspectives for politicians and scholars on the
need to prioritise innovation in their plans for growth.

The results are also consistent with the view that investment and innovation
play crucial roles in driving productivity enhancements and economic
development. They corroborate the study by Borensztein et al. (1998), which
demonstrated that foreign direct investment (FDI) has a favourable impact on the
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economic advancement of emerging nations, especially when accompanied by an
ample supply of human capital. Furthermore, research conducted by Alfaro and
Chauvin (2020) emphasise the favourable influence of foreign direct investment
(FDI) on the expansion of the economy, particularly in nations with highly
developed financial markets. Moreover, the study is consistent with the results of
Mohamed et al. (2022), who highlight the vital significance of technical innovation
in stimulating economic development via enhanced productivity and the
modernisation of industrial processes.

Recent empirical research has focused on the significant attention devoted
to the collective influence of investment and innovation on economic
development. These studies highlight the significance of the interaction between
these two factors in amplifying and strengthening their individual impact on
economic growth. Wang and Tan (2021) examine the correlation and forecasting
of financial development, technical innovation, and economic growth in China.
Wang and Tan (2021) showed via their study that there has been a progressive
increase in the amount of connectivity among these aspects. This indicates a
strong synergistic impact, which is expected to persistently increase until 2024.
This study emphasises the need for coordinated policies that encourage both
investment and innovation to foster sustainable economic development.

The study has several limitations. Cross-country regression captures
associations rather than strict causal effects, patent activity reflects only part of
innovation (it does not fully capture process and business model innovation), and
the results may differ between groups of countries at different levels of
development. These issues can be addressed in future research using panel data
methods.

CONCLUSION

This study examined the effect of technological innovation and investment
on GDP growth using a multiple linear regression model for 2002-2021. The main
conclusions are as follows.

First, technological innovation has a positive and statistically significant
effect on GDP growth (t = 3.848; p < 0.001), which confirms hypothesis H2a.

Second, investment and innovation jointly have a positive and significant
effect on economic growth: the coefficients of FDI (0.300) and PATENT (0.250)
are significant at the 0.1% level, which confirms hypothesis H3. Regulatory
guality and population growth also contribute positively, whereas inflation is not
significant.

Third, countries that have combined substantial investment inflows with
sustained R&D expenditure, such as China and Germany, illustrate how the
interaction of these factors supports the transition from investment-driven to
innovation-driven growth.

These results suggest that policies aimed at attracting foreign investment
should be coordinated with measures that increase R&D spending, strengthen
intellectual property protection and improve regulatory quality. For emerging
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economies such as Uzbekistan, linking investment promotion with technology
transfer and support for domestic research can strengthen the contribution of
both factors to sustainable economic growth.
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