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Abstract

This study delves into the intricate relationship between research capacity, high-technology exports, and innovation
in Indonesia. Leveraging data from the World Bank and UNESCO Institute of Statistics, encompassing variables such
as Researchers per Million Inhabitants (RPMI), High-Technology Exports (Hi-Tech), Resident Patents (RP),
Scientific and Technical Journal Articles (STJA), and Gross Expenditure on Research and Development (GERD) in
US dollars, spanning 2010 to 2020, the study conducts correlation and linear regression analyses employing Smart-
PLS 4. The findings reveal a negative correlation (-0.626) between RPMI and high-technology exports, signifying a
prioritization of other economic sectors over high-tech exports for countries with greater research capacities. In
contrast, positive correlations between RPMI and Resident Patents (0.741) and RPMI and STJA (0.886) underscore
the pivotal role of research capacity in fostering innovation. Furthermore, a robust positive correlation (0.965) between
RPMI and GERD emphasizes heightened research and development investments in countries with amplified research
capabilities. The statistical results also indicate that research and development expenditure and scientific publications
do not wield a significant impact on high-tech exports, suggesting a potential divergence between industrial and
research policies. This underscores the necessity for policymakers to converge these policies, harnessing research
capacity to stimulate high-technology production and export and foster sustainable economic growth in Indonesia.

Keywords: Gross Expenditure on Research and Development (GERD), High-tech exports, Scientific Publications,
Researchers per Million Inhabitants, and Patent Resident.

Introduction

In today's rapidly evolving global economy, knowledge-based economic development has become a pivotal driver for
enhancing productivity and achieving substantial growth in GDP for many industrialized nations. The shift towards
knowledge-based economies has significantly impacted the way countries compete in the international market and has
reshaped traditional economic paradigms. In this context, research and innovation play a crucial role in driving the
growth of high-tech product exports, which offer higher value-added and can contribute significantly to a country's
economic prosperity (Barkhordari et al., 2019; Kyriakopoulos, 2021; Miswaty, 2020; Moustapha & Yu, 2021).

The philosophy of knowledge-based economic development has been widely acknowledged and advocated for several
decades. Industrialized countries such as the United States, Japan, South Korea, and Germany have harnessed the
power of research and development (R&D) and innovation to drive economic growth and secure their positions as
global leaders in technology and innovation (Kyriakopoulos, 2021; Nicolaides, 2014; Okokpujie et al., 2018; Personal
& Archive, 2011).

A knowledge-based economy emphasizes the importance of investing in R&D, fostering innovation, and leveraging
scientific advancements to create and commercialize new products and technologies. By nurturing an environment
conducive to research and innovation, these countries have been able to propel their economies forward, diversify
their exports, and enhance their global competitiveness. Knowledge-driven policies have facilitated the transition from
labor-intensive industries to higher value-added industries, such as high-tech manufacturing and knowledge-intensive
services (Choi et al., 2020; Collinge & Staines, 2009; Enache et al., 2009; Hemert, 2009; Hulten, 2013; Lajili, 2010;

Pilipenko, 2015).
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Notably, the success of knowledge-based economic development strategies is evident in the strong correlation between
R&D investments and the growth of high-tech exports. Countries with higher R&D expenditure tend to produce more
cutting-edge technologies, leading to an increase in high-tech exports, which command higher prices and contribute
more significantly to the overall economic output(Meusburger, 2013).

This research paper aims to explore the dynamic relationship between the growth of Gross Expenditure on Research
and Development (GERD) and the performance of high-tech exports in the context of Indonesia, a developing nation
with great potential for economic advancement through knowledge-driven policies. The study will span the period
from 2010 to 2020, analyzing data and trends to gain insights into how research and innovation have influenced the
country's high-tech export sector.

In this research, the impact of research and innovation on high-tech exports will be examined through the consideration
of four key variables in science and technology (The World Bank, 2023). To assess the impact of research and
innovation on high-tech exports, stock traded value, and GDP, this study will consider four key variables:

1. Research and Development Expenditure (% of GDP): This indicator represents the proportion of a country's
GDP invested in research and development activities. A higher percentage signifies a greater commitment to
R&D, which often leads to increased technological capabilities and innovations.

2. Patent Applications of Residents: Patent applications are a critical measure of a country's ability to generate
novel inventions. The high patent activity reflects a thriving innovation ecosystem and a focus on protecting
intellectual property.

3. Scientific and Technical Journal Articles: The number of publications in scientific and technical journals
reflects the level of research output and scientific advancements in a country. More publications indicate a
stronger knowledge base and potential for innovation.

4. Researchers in R&D (per million people): This metric assesses the density of researchers engaged in R&D
activities relative to the population. A higher number signifies a more extensive pool of talent dedicated to
scientific research and innovation.

By exploring the interplay between these variables and high-tech exports, this research seeks to provide valuable
insights into the relationship between knowledge-based economic development and export competitiveness.

One significant challenge in conducting this research is the limited availability of data on Gross Expenditure on
Research and Development (GERD) and Researchers per Million Inhabitants (RPMI) for Indonesia from 2010 to
2020. Data gaps exist in both the World Bank and the UNESCO Institute of Statistics databases, making it necessary
to employ interpolation techniques to fill in missing values. However, despite this limitation, the research will strive
to provide a comprehensive analysis by utilizing advanced quantitative methods.

Literature Review
The Role of Research and Development in Economic Growth

Numerous studies have emphasized the crucial role of Research and Development (R&D) in driving economic growth
and productivity (Abashah et al., 2019; Gustiani, 2019; JD et al., 2019; Joseph Prah, 2021; Marin & Susi¢, 2021;
Moustapha & Yu, 2021; Okokpujie et al., 2018; Phung et al., 2019; Soltanisehat et al., 2019). Romer introduced the
concept of "endogenous growth theory,™ highlighting the role of technological progress and innovation as endogenous
factors that contribute to long-term economic growth (Parente, 2001; Romer, 1997) (Cristescu & Nerisanu, 2021;
Irmen & Tabakovic, 2020; Okokpujie et al., 2018; Schilird, 2019; Yueping et al., 2021). According to this theory,
investments in R&D lead to the creation of new knowledge, technologies, and innovations, which in turn boost
productivity and create opportunities for sustained economic development (Arszutowicz, 2020; Block, 2012;
Development & Studies, n.d.; Kim et al., 2018; Knauff & Karbowski, 2021; Sfar, 2021; Yazgan & Yalginkaya, 2018).
Empirical studies by Mankiw, Romer, Weil, Barro, and Sala-i-Martin (Barro, 1992; Klenow & Rodriguez-Clare, 1997;
Sala-i-Martin, 1994, 2002; Sala-1-Martin, 1996) have provided evidence supporting the positive relationship between
R&D expenditures and economic growth (Fischer, 2011; Yazgan & Yalginkaya, 2018) (Minh et al., 2014). These
findings underscore the importance of fostering a supportive environment for research and innovation to enhance a
country's economic competitiveness and prosperity.
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Knowledge-Based Economic Development in Industrialized Countries

Knowledge-based economic development has been extensively adopted by industrialized countries to enhance their
productivity and GDP significantly. Countries like the United States, Germany, and South Korea have implemented
policies that prioritize investments in R&D, education, and technology to drive economic growth (Carrillo, 2015;
Lopez-leyva & Mungaray-moctezuma, 2017; Moyo, 2018; Schiliro, 2013).

The success of countries like Japan and South Korea in transforming their economies through knowledge-based
development has been well-documented (Feitosa, 2020; Hartmann et al., 2020; Hosono et al., 2020; Islamiyah et al.,
2020). These countries have leveraged research and innovation to develop cutting-edge technologies and high-value-
added products, positioning themselves as global leaders in various high-tech industries. Their experiences serve as
valuable lessons for emerging economies like Indonesia, providing insights into the strategies and policy measures
that can foster knowledge-based economic growth (Hasan, 2021; Lipsey & Sjoholm, 2011; Woo & Hong, 2010).

Impact of Research and Innovation on High-Tech Exports

Research and innovation play a critical role in determining a country's competitiveness in high-tech exports
(Bayraktutan & BldIrdl, 2018; Durmaz& Yildiz, 2020; Enjolras et al., 2019; Ismail, 2013; Meo & Usmani, 2014;
Sandu & Ciocanel, 2014; Usman, 2017). Zou and Liu (2008) conducted a study on China's high-tech exports and
found that R&D investments positively correlated with the export performance of high-tech products (X. Liu & Zou,
2008). Similarly, Yang (2004) analyzed the relationship between R&D expenditures and high-tech exports in Taiwan
and observed a strong positive association, suggesting that increased R&D investments contribute to the growth of
high-tech export capabilities (Durmaz & Yildiz, 2020; Hsu & Chuang, 2014; X. Liu & Buck, 2007; Sandu & Ciocanel,
2014; C. H. Yang et al., 2004, 2009). These findings emphasize the importance of investing in research and innovation
to enhance a country's capacity to produce high-value-added products for the global market.

Knowledge Spillover and Technology Transfer

Knowledge Spillover and technology transfer are vital mechanisms through which research and innovation impact
economic development (Davies et al., 2021; Djulius, 2017; Durmaz & Yildiz, 2020; Kathuria, 2001; Saggi, 2002;
Scarra & Piccaluga, 2022) (Audretsch et al., 2014). Rodriguez-Pose (2011) and Becker (2004) highlighted the
importance of knowledge spillovers, where knowledge generated in one industry or firm spills over to other industries
or firms, leading to cross-fertilization of ideas and innovations (Autant-Bernard & Lesage, 2011; Becker & Dietz,
2004; Durmaz & Yildiz, 2020; Lee et al., 2016; Rodriguez-Pose & Crescenzi, 2008; Wan & Liu, 2011). Furthermore,
technology transfer enables the diffusion of advanced technologies from research institutions to industries, promoting
the adoption of best practices and enhancing productivity (Blalock & Gertler, 2008; Javorcik, 2008) (Hoekman &
Javorcik, n.d.). These processes facilitate the transformation of research outcomes into commercial products and
technologies, which can contribute to the growth of high-tech exports.

Intellectual Property Rights and High-Tech Exports

Intellectual Property Rights (IPR) play a critical role in incentivizing research and innovation. Ivus (2010) explores
the controversial impact of strengthening Intellectual Property Rights (IPRs) in developing countries, inspired by the
WTO and the 1994 TRIPs agreement. Using a combination of theory and empirical analysis, the study examines how
stronger IPRs affect international technology diffusion and the volume of high-tech exports into developing nations.
The findings indicate that stronger IPRs encourage Northern firms to introduce new high-tech products in the South,
leading to a rise in high-tech exports to developing countries. However, there may be a decrease in low-tech exports.
Contrary to some concerns, the research suggests that international technology diffusion does not necessarily decrease
with the strengthening of IPRs. Moreover, developing countries that enhanced their IPRs under the TRIPs agreement
experienced a notable increase in high-tech imports, equivalent to a 13% rise in their annual value of high-tech imports
(Ivus, 2010a, 2010b, 2011).

Combining the findings from multiple studies, Kabaklarli (2017) reveals that patent applications and Foreign Direct
Investment (FDI) have a positive impact on high-tech exports and GDP growth rate, while investment shows a
negative association with high-tech exports (Duran et al., 2017). On the other hand, Canals (2014) observes that IPR
reform prompts an increase in intra-industry offshoring in High-tech industries (Canals & Sener, 2014). In contrast,
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Shin (2016) highlights that IPRs act as a barrier to exports from developing countries and contribute to the middle-
income trap phenomenon (Shin et al., 2016). Additionally, Yang (2009) concludes that stronger IPR protection
enhances firms' ability to penetrate export markets, but excessively strong IPRs can lead to reduced competition and
welfare (L. Yang & Maskus, 2009). These diverse findings underscore the complexity of the relationship between
IPRs, high-tech exports, and economic development, calling for a nuanced and context-specific approach in policy
formulation and implementation. Park and Lippoldt (2008) examined the relationship between IPR protection and
high-tech exports in OECD countries and found that strong IPR protection positively influences the export of high-
tech products (Park & Lippoldt, 2014). Effective IPR frameworks encourage firms to invest in R&D, as they provide
legal protection against imitation and ensure that companies can fully exploit the commercial potential of their
innovations. Strengthening IPR safeguards can, therefore, foster an environment conducive to innovation and enhance
a country's high-tech export competitiveness.

The Indonesian Context

In the context of Indonesia, there is a growing recognition of the importance of research and innovation in driving
economic growth (Lestari & Rahmawati, 2021). The Indonesian government has been actively promoting initiatives
to strengthen R&D capabilities and encourage technology adoption (Lakitan, 2013; Nasir, 2014; Warganegara et al.,
2013). The National Research and Innovation Agency (BRIN) has been instrumental in formulating policies to
enhance research and innovation activities (Huda et al., 2020). However, limited research has been conducted on the
specific impact of research and innovation on high-tech exports in Indonesia. This research aims to fill this gap and
provide valuable insights into the dynamic relationship between GERD growth and high-tech exports in the Indonesian
context.

Overall, the literature highlights the significant role of research and innovation in knowledge-based economic
development and its impact on high-tech exports. By examining the experiences of industrialized countries and
understanding the mechanisms through which research and innovation contribute to economic growth, this research
seeks to shed light on potential strategies and policy measures that can propel Indonesia's high-tech export sector to
new heights of prosperity and sustainability.

R&D Policy and Stock Market

The relationship between research and development (R&D) and the growth of stock traded value is a topic of
considerable interest in the field of economics and finance (Apergis, 2015; Cannon & St. John, 2021; Ehie & Olibe,
2010; Johnson & Pazderka, 1993; T. C. Liu & Chen, 2010; Safitri et al., 2019).

R&D investments have been recognized as essential drivers of innovation and technological advancements, which can
have a direct impact on the financial performance and market perception of firms (Fu, 2007; Wang et al., 2013).
Robust R&D activities are often associated with the development of novel products, services, and processes, leading
to increased competitiveness and market share for companies. As a result, investors tend to view firms with strong
R&D initiatives as more promising and potentially higher-yielding investment opportunities. Consequently, such
positive market sentiment

Methodology

This research employs a correlation model and linear regression model to explore the dynamic relationship between
various variables and their impact on high-technology exports in Indonesia from 2010 to 2020. The correlation model
is used to examine the associations between the independent variables, namely Researchers per Million Inhabitants
(RPMI), High-technology exports (Hi-Tech), Resident Patents (RP), Scientific and Technical Journal Articles (STJA),
and Gross Expenditure on Research and Development (GERD) in US dollars. This model measures the strength and
direction of the relationships between these variables, providing valuable insights into their interconnections.

The correlation model calculates the correlation coefficient, which quantifies the degree of linear relationship between
pairs of variables. A positive correlation coefficient indicates a direct relationship, where an increase in one variable
is associated with an increase in the other. Conversely, a negative correlation coefficient signifies an inverse
relationship, indicating that an increase in one variable is related to a decrease in the other. A correlation coefficient

close to zero suggests a weak or no linear relationship between the variables.
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The correlation coefficient (r) between two variables X and Y is given by the formula:
r=X[(Xi-X)(Yi-Y)]/V[ZXi- X)2*Z(Yi-¥)] ... (1)

where Xi and Yi are individual data points, X and Y are the means of X and Y, respectively, and T represents the
summation symbol.

The linear regression model, on the other hand, is employed to investigate the impact of the independent variables
(RPMI, RP, STJA, and GERD) on the dependent variable (Hi-Tech exports). This model helps determine the strength
and significance of the relationships between the variables and allows us to estimate the contribution of each
independent variable to the variation in the dependent variable.

The linear regression equation can be expressed as:
Y = B0+ B1X1 + B2X2 + B3X3 + Pa4Xd +¢ ... (2)

where Y is the dependent variable (Hi-Tech exports), X1, X2, X3, and X4 are the independent variables (RPMI, RP,
STJA, and GERD), respectively. B0 is the intercept, B1, B2, B3, and 4 are the coefficients representing the impact of
each independent variable, and ¢ is the error term representing the unexplained variation in the dependent variable.
Utilizing Smart-PLS 4 for data computation and analysis allows for efficient and accurate handling of the correlation
and linear regression models. Smart-PLS is a powerful statistical software that can effectively handle large datasets,
conduct advanced statistical analyses, and provide valuable insights into the relationships between variables. The
student version of Smart-PLS 4 enables researchers to perform comprehensive analyses and draw meaningful
conclusions based on the collected data, contributing to the credibility and rigor of the research findings.

Result and Discussion

The data used in this research were sourced from the World Bank and the UNESCO Institute of Statistics, comprising
essential variables such as Researchers per Million Inhabitants (RPMI), High-technology exports (Hi-Tech), Resident
Patents (RP), Scientific and Technical Journal Articles (STJA), and Gross Expenditure on Research and Development
(GERD) in US dollars, specifically for the case study of Indonesia over the period from 2010 to 2020. It is worth
noting that some of the variables contained missing data, which prompted the utilization of interpolation techniques
to estimate and fill in the gaps in this study. The interpolation method adopted ensures that the dataset is
comprehensive and conducive to robust analyses, thereby enhancing the reliability and validity of the research
findings. The data used in this study are shown in the table below.

Table 1. Data used from the World Bank and the Unesco Institute of Statistics, 2023

Hi-Tech RP GERD STJA | RPMI
7,056,094,816 | 508 | 604,075,326 | 1404 96
7,277,410,746 | 533 | 714,375,283 | 1880 103
7,229,370,907 | 520 | 734,295,930 | 2024 110
6,492,910,377 | 663 | 1,551,291,032 | 2751 117
6,585,887,873 | 1058 | 2,048,873,938 | 4380 124
5,889,536,968 | 702 | 1,807,793,889 | 2043 131
5,415,601,725 | 1101 | 2,329,693,410 | 6734 138
5,971,475,926 | 2271 | 2,437,484,986 | 12432 | 145
6,382,014,753 | 1407 | 2,397,224,526 | 21264 | 152
6,281,266,981 | 3093 | 3,021,569,653 | 30446 | 159
6,408,687,624 | 1309 | 2,965,353,560 | 32554 | 166
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Correlation Model

The correlation analysis in this study aims to understand the relationships between relevant variables, such as
Researchers per Million Inhabitants (RPMI), High-technology exports (Hi-Tech), Resident Patents (RP), Scientific
and Technical Journal Articles (STJA), and Gross Expenditure on Research and Development (GERD) in US dollars.
By using Structural Equation Modeling (SEM) through SMART PLS software, we seek to gain insights into the
patterns of associations between research and innovation capabilities and high-tech export activities, as well as their
implications for a country's economic growth. This comprehensive correlation analysis is crucial in formulating
appropriate policies to enhance competitiveness and innovation in the high-tech export sector of Indonesia. The
findings will contribute to a deeper understanding of the dynamic relationships between the relevant variables and
their potential role in driving sustainable and high-quality economic growth in Indonesia. Ultimately, this analysis
will serve as the foundation for interpreting relevant research findings and advancing knowledge and technology
development within the context of Indonesia.

The following table presents the results of the correlation analysis using SMART PLS 4:

Table 2. The correlation matrix relationships

RPMI | Hi-Tech | RP STJA | GERD
RPMI 1.000 | -0.626 0.741 | 0.886 | 0.965
Hi-Tech | -0.626 | 1.000 -0.425 | -0.258 | -0.708
RP 0.741 | -0.425 1.000 | 0.736 | 0.773
STJA 0.886 | -0.258 0.736 | 1.000 | 0.816
GERD | 0.965 | -0.708 0.773 | 0.816 | 1.000

The correlation matrix displays the relationships between the variables analyzed using SMART PLS. The analysis of
the correlation matrix reveals the following findings:

Researchers per Million Inhabitants (RPMI) and High-technology exports have a correlation coefficient of -0.626,
indicating a moderate inverse relationship between the two variables. This suggests that as the number of researchers
per million inhabitants increases, high-technology exports tend to decrease, and vice versa. It may imply that countries
with higher research capacities prioritize other economic activities over high-tech exports.

Researchers per Million Inhabitants (RPMI) and Resident Patents exhibit a correlation coefficient of 0.741, suggesting
a moderate direct relationship. As the number of researchers per million inhabitants increases, the number of patent
applications also tends to increase. This correlation implies that countries with higher research capacities engage in
more innovation activities, leading to an increase in patent filings.

Researchers per Million Inhabitants (RPMI) and Scientific and Technical Journal Articles display a strong positive
correlation of 0.886. This indicates a significant direct relationship, suggesting that as the number of researchers per
million inhabitants increases, the number of scientific and technical journal articles also tends to increase. Countries
with higher research capacities produce more research publications.

Researchers per Million Inhabitants (RPMI) and GERD have a very strong positive correlation of 0.965, indicating a
highly significant direct relationship. As the number of researchers per million inhabitants increases, the Gross
Expenditure on Research and Development (GERD) in US dollars also tends to increase. This correlation indicates
that countries with higher research capacities tend to invest more in research and development.

High-technology exports and Resident Patents exhibit a weak negative correlation of -0.425, suggesting an inverse
relationship. As high-technology exports increase, the number of patent applications may decrease, and vice versa.
This correlation implies that a focus on high-tech exports might lead to reduced patent activities, possibly due to other
market competitiveness strategies.

High-technology exports and Scientific and Technical Journal Articles display a weak negative correlation of -0.258,

indicating a slight inverse relationship. As high-technology exports increase, the number of scientific and technical
journal articles may decrease, and vice versa. This correlation suggests that a focus on high-tech exports may lead to

reduced research publication activities.
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Linear Regression Model

The following is a diagram illustrating the relationships between independent and dependent variables using Smart
PLS.
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Figure 1. A diagram illustrating the relationships between independent and dependent variables.

High-technology exports and GERD show a strong negative correlation of -0.708, indicating a significant inverse
relationship. As high-technology exports increase, the Gross Expenditure on Research and Development (GERD) in
US dollars may decrease, and vice versa. This correlation suggests that countries focusing more on high-tech exports
might invest less in research and development.

Overall, the correlation matrix provides valuable insights into the associations between the variables. The strong
positive correlations between RPMI and both Scientific and Technical Journal Articles and GERD indicate a robust
link between research capacity, research output, and investment. However, the negative correlations between high-
technology exports and some variables suggest potential trade-offs or competing priorities in allocating resources for
research and export activities. It is important to note that correlation does not imply causation and further analysis is
needed to establish the underlying mechanisms driving these relationships

High-technology (Y) = -0.035 * RP - 0.779 * GERD + 1.247*STJA - 0.953 * RPMI + 0.000 (Intercept)

This model represents the relationship between the High-technology exports (current US$) and the four independent
variables: Resident Paten, GERD (US$), Scientific Publication, and Researchers per Million Inhabitants (RPMI). The
unstandardized coefficients show the change in the dependent variable for a one-unit change in each independent
variable. The standardized coefficients indicate the relative importance of each independent variable in explaining the
variation in high-technology exports. The intercept represents the constant value of the dependent variable when all
independent variables are zero.

The table presents the unstandardized and standardized coefficients obtained from the SMART PLS 4 analysis,
reflecting the relationship between the independent variables (Resident Paten, GERD (US$), Scientific Publication,
and Researchers per Million Inhabitants (RPMI)) and the dependent variable (High-technology exports, current US$).
Each coefficient provides essential information about the magnitude and direction of influence that the respective
independent variable exerts on high-tech exports.

Resident Paten (Patent Applications)

The unstandardized coefficient for Resident Paten is -24780.044, with a standardized coefficient of -0.035. These
results indicate that, for each unit increase in patent applications, high-technology exports decrease by 24780.044
units. The negative standardized coefficient implies a weak inverse relationship between patent applications and high-
tech exports. This may suggest that countries with higher patent activity tend to focus less on exporting high-tech
products, potentially due to a greater emphasis on protecting intellectual property and a preference for domestic market

strategies.
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Gross Expenditure on Research and Development

The unstandardized coefficient for GERD (US$) is -0.005, and the standardized coefficient is -0.779. This signifies
that for each unit increase in Gross Expenditure on Research and Development, high-technology exports decrease by
0.005 units. The negative standardized coefficient indicates a substantial negative relationship between
R&D investment and high-tech exports. This could imply that higher research and development investments are
associated with a focus on developing domestic industries rather than exporting high-tech products.

Scientific and Technical Journal Articles

The unstandardized coefficient for Scientific Publication is 60459.289, with a standardized coefficient of 1.247. These
results reveal that for each unit increase in the number of scientific publications, high-technology exports increase by
60459.289 units. The positive standardized coefficient suggests a robust direct relationship between research
publications and high-tech exports. This implies that countries with more scientific publications tend to have a higher
capacity to export high-value-added products resulting from their research outcomes.

Researchers per Million Inhabitants

The unstandardized coefficient for Researchers per Million Inhabitants (RPMI) is -23.675.907.707, with a
standardized coefficient of -0.953. These findings indicate that for each unit increase in the number of researchers per
million inhabitants, high-technology exports decrease by 23.675.907.707 units. The negative standardized coefficient
denotes a significant inverse relationship between the density of researchers and high-tech exports. This correlation
may suggest that countries with a higher concentration of researchers might prioritize domestic research and
development activities over high-tech export ventures.

The intercept term is 9.896.090.306.536, representing the value of high-technology exports when all the independent
variables (Resident Paten, GERD (US$), Scientific Publication, and RPMI) are zero.

In-depth Analysis

The Y regression model generated from the SMART PLS 4 analysis provides valuable insights into the relationships
between the independent variables and the dependent variable, shedding light on the factors influencing high-
technology exports. The observed negative coefficients for Resident Paten and GERD (US$) suggest that an increased
focus on patent applications and research and development investments may lead to a decline in high-tech exports.
This may indicate that countries with a stronger emphasis on protecting intellectual property and fostering domestic
innovation might prioritize the development of domestic industries over exporting high-tech products.

Conversely, the positive coefficient for Scientific Publication highlights the significant positive impact of research
publications on high-tech exports. This suggests that countries with a vibrant research community and a higher output
of scientific and technical journal articles tend to have a competitive advantage in exporting high-value-added products
resulting from their research findings.

Furthermore, the negative coefficient for Researchers per Million Inhabitants (RPMI) indicates that a higher density
of researchers in a country might not directly translate into greater high-tech exports. This could imply that other
factors, such as the alignment of research priorities and the allocation of resources, play a crucial role in determining
a country's high-tech export performance.

Overall, the Y regression model offers valuable insights to policymakers and researchers, enabling them to make
informed decisions concerning research and development investments, patent policies, and research publication
strategies to enhance high-tech export performance and foster economic growth and innovation. It is important to
consider these findings within the context of each country's specific circumstances and to conduct further research to
validate the model's robustness and explore additional factors that may influence high-technology exports.

The limitations of the analysis should also be acknowledged. The regression model is based on correlation and does
not imply causation. Moreover, the model's explanatory power may be influenced by other unobserved or unmeasured
variables that were not included in the analysis. Future studies could consider incorporating additional economic,
social, and political factors to better understand the complex dynamics affecting high-technology exports. Overall, the
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findings contribute to the body of knowledge on the relationship between research and innovation activities and high-
tech export performance, providing a foundation for evidence-based policymaking and strategic decision-making to
promote economic growth and competitiveness in the global market.

Based on the results and in-depth analyses conducted in this research, several key conclusions can be drawn, shedding
light on the complex relationships between research capacity, high-technology exports, and innovation activities in
Indonesia.

The negative correlation coefficient of -0.626 between Researchers per Million Inhabitants (RPMI) and high-
technology exports indicates a moderate inverse relationship. Countries with higher research capacities, as indicated
by a higher number of researchers per million inhabitants, tend to have lower levels of high-tech exports. This suggests
that these countries might prioritize other economic goals over high-tech exports, potentially due to their emphasis on
other sectors or market demands.

On the other hand, the positive correlation coefficients of 0.741 and 0.886 between RPMI and Resident Patents, and
RPMI and Scientific and Technical Journal Articles, respectively, highlight a direct relationship. Countries with more
researchers per million inhabitants tend to exhibit higher levels of patent applications and produce more research
publications. This finding underscores the role of research capacity in fostering innovation and knowledge creation,
suggesting that countries with stronger research capabilities are more likely to generate intellectual property and
contribute to scientific advancements.

The very strong positive correlation coefficient of 0.965 between RPMI and Gross Expenditure on Research and
Development (GERD) reveals a highly significant direct relationship. Countries with higher research capacities tend
to invest more in research and development activities, as reflected in the Gross Expenditure on Research and
Development in US dollars. This implies that countries with a greater number of researchers per million inhabitants
are more committed to funding and supporting research endeavors, which can lead to technological advancements and
economic growth.

GERD and Scientific and Technical Journal Articles research capacity and innovation-related variables, the statistical
results indicate that the variables related to research and development expenditure and science and technology, namely
GERD and Scientific and Technical Journal Articles, do not show a significant impact on high-technology production
and export. This finding suggests a potential divergence in policy priorities between industrial policy and science and
technology policy over the studied period.

The lack of significant impact from research and development expenditure and scientific publications on high-tech
exports could be indicative of a gap in the integration and alignment of industrial policy and research and innovation
policy in Indonesia. It is possible that these policies have been developed and implemented separately, with limited
coordination and synergy between them. This divergence could lead to missed opportunities to leverage research and
innovation for the development and export of high-technology products, hindering the overall competitiveness of
Indonesia in the global high-tech market.

Given these findings, it is crucial for policymakers to be more aware of the need to converge industrial policy and
research and innovation policy to foster a more conducive environment for knowledge-based economic growth in
Indonesia. A well-coordinated approach that integrates these two policy domains can lead to enhanced collaboration
between industries and research institutions, promoting the adoption of cutting-edge technologies and innovations in
high-tech production. This convergence can result in more effective utilization of research outcomes, translating into
higher-quality and competitive high-tech exports.

To achieve this convergence, policymakers should prioritize initiatives that bridge the gap between industrial and
research policies. This might involve fostering stronger collaboration between government agencies responsible for
industrial development and research institutions to identify synergistic opportunities. Encouraging public-private
partnerships and providing incentives for industries to invest in research and development activities can also contribute
to a more integrated approach.

Additionally, enhancing the linkages between academia, industry, and government can foster knowledge and
technology transfer, leading to the development of high-tech products that align with global market demands. Investing
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in human capital development and supporting research in strategic areas can further bolster the innovation ecosystem
and elevate the competitiveness of Indonesian high-tech exports.

In conclusion, the study's findings underscore the importance of aligning industrial policy and translate into tangible
economic benefits, further solidifying Indonesia's position in the global knowledge-based economy.

Conclusion

In conclusion, the study's findings underscore the importance of aligning industrial policy and research and innovation
policy to enhance Indonesia's knowledge-based economy. The correlation between research capacity and innovation-
related variables highlights the significance of research capabilities in fostering innovation and knowledge creation.
However, the lack of significant impact from research and development expenditure and scientific publications on
high-tech exports indicates a need for a more integrated and coordinated approach to leverage research and innovation
for economic growth.

By bridging the gap between industrial and research policies and fostering a convergence in policy priorities, Indonesia
can unlock the full potential of its research capabilities and stimulate the development and export of high-value-added
and competitive high-technology products in the global market. Policymakers should be proactive in aligning these
policies to ensure that research and innovation efforts research and innovation policy to enhance Indonesia‘s
knowledge-based economy. The correlation between research capacity and innovation-related variables highlights the
significance of research capabilities in fostering innovation and knowledge creation. However, the lack of significant
impact from research and development expenditure and scientific publications on high-tech exports indicates a need
for a more integrated and coordinated approach to leverage research and innovation for economic growth.
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