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Abstract
This analysis investigates the effects of a governmental research and development support initiative in South Korea aimed at high-tech startups in 2015. Employing a Regression Discontinuity Design (RDD) grounded in project scores given by an expert panel, we assess the program's influence on innovation and corporate success over 10 years. The findings indicate that the subsidies had a substantial impact on enhancing investments in intangible assets and contributed positively to the success of firms. Nonetheless, the program did not result in a quantifiable rise in patent activity. The findings contribute to the current literature on the impact of government R&D support in fostering innovativeness and economic growth.
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1. Introduction
Governmental support for innovation is a cornerstone of economic policy worldwide. Government spending on R&D in South Korea accounts for approximately 4.6% of GDP, one of the highest rates globally (OECD, 2023). Much of this funding is directed toward small and medium-sized enterprises (SMEs) and innovative startups, particularly in high-tech sectors, where firms often face high innovation costs and financial constraints (Kim, 2021). However, the effectiveness of such subsidies remains debated, with concerns about crowding out private investment and limited aggregate benefits (Ko, Kim & Lee, 2021).
Recent literature underscores the importance of tailored innovation strategies for SMEs at different growth stages. For instance, Son (2025) highlights that SMEs' absorptive capacities and patent portfolios positively affect the relationship between financial support for research and development and business success. Park and McQuaid (2025) highlight that the flexibility of policy implementation is essential to maximise the usefulness of R&D support plans.
This study assesses a 2015 research and development (R&D) support program initiated by the South Korean Ministry of Science and ICT (MSIT) to provide funding for high-tech startups. Based on a Regression Discontinuity Design (RDD), a labour work measurement method used to determine the causal impact of government R&D support on businesses' long-term success, the results show that, while they did not significantly affect patenting activity, government R&D support was issued to increase intangible fixed assets (IFA) and, consequently, to advance firm success over 20 years.
This paper contributes to research on public R&D financing, particularly concerning technology-driven start-ups. The existing literature has focused on developed economies like the USA and Europe (Zhao & Ziedonis, 2020; Howell, 2017), while evidence from East Asia is still relatively scant. Recent literature from South Korea, Kim et al. (2023) have emphasised that government policy is a significant determinant of innovation. However, few scholars have studied the long-lasting effects of R&D support on tech-driven firms. This research addressed the existing knowledge gaps by discussing long-term perspectives on government R&D support for technology-driven start-ups in South Korea.
2. Background and Data
2.1. The High-Tech Startup R&D Support Program
In 2015, the South Korean Ministry of Science and ICT (MSIT) launched the Innovative Start-ups Industrial Research Program to support innovation-driven start-ups' industrial research and experimental development projects in technology industries. The Ministry exclusively allocated ₩35 billion from the national treasury and ₩20 billion from the Asian Development Bank for the businesses running in the southern region that covers the Gyeongsang Jeolla and Jeju areas. Each project may obtain loans of up to ₩2 billion, which can cover as much as 50% of the costs, along with direct funding ranging from 20% to 40%, contingent on the company's size (OECD, 2023).
Projects that qualify must come from companies that have been in operation for less than five years and must feature complete budgets that meet specific criteria: (1) relates to advancements in process innovations or product development within technology-oriented industries; (2) involve particular research and development expenditures like patent filing, consulting fee, salaries, raw materials, or equipment; and (3) is required to begin following the submission of the application. Moreover, companies were prohibited from applying for or obtaining additional public funding and were required to commence operations within six months following the publication of the ranking (Park & McQuaid, 2025). 
2.2. Application and Evaluation Process
Companies could apply from September 23, 2015, to January 21, 2016, and request, on average, ₩620 million in credits and ₩430 million in subsidies. The Ministry appointed a five-member committee of registered experts to assess projects according to the following criteria: (1) the firm's prior research and development activities (5 points); (2) innovation (15 points); and (3) five per cent bonuses for female ownership, research partnerships, or product innovation (Son, 2025). The announcement regarding the rating took place on 19 April 2016, allocating funds to 65 out of 411 projects, which collectively amounted to ₩80 billion in total costs. For criterion (2), all firms placed up to 138 received the highest score, suggesting that the committee's project choices, not the companies' own, were primarily reflected in the result. According to their economic efficiency, projects with identical ratings were given priority, and subsidies were given out until all available money had been used. This indicates that merely achieving the threshold ratings was insufficient for securing funding and that companies in southern regions encountered a reduced threshold as they qualified for both funding sources. Only two of the three southern companies, with a score of 17.25, and the nine non-southern companies, with a score of 18.9, were awarded money in each area. This intricate system probably hindered the committee's ability to fully understand how scores would influence the funding decisions for specific projects (Choi, Han & Kwak, 2021). 
2.3. Data Sources and Variables
The MSIT provided us with administrative data, such as applicant firm information, project scores, and funding status. Using the Korea Enterprise Data (KED) and PATSTAT databases, we tracked 435 of the 450 applicant firms, including all funded projects, from 2013 to 2023. Financial data, such as balance sheets and income statements, were modified for inflation using the 2015 Bank of Korea Consumer Price Index (CPI) (2024). The dataset is unbalanced, as 40% of firms were established after 2013, and 35% had ceased operations by 2023. Additionally, financial reporting was inconsistent for some firms, particularly smaller startups (OECD, 2023).
We measure innovation using two primary metrics. First, due to the limited availability of direct R&D expenditure data, we use intangible fixed assets (IFA) as a proxy for R&D investment. Under South Korean accounting standards, IFA includes R&D expenditures (including personnel costs), software licenses, patent filing fees, intellectual property rights, and other intangible investments. We focus on the growth rate of IFA as an indicator of R&D input. Secondly, we assess research and development output by analysing the yearly count of patents submitted and their subsequent citations. Success in an enterprise is assessed through various metrics, including sales (turnover), employment levels, wage rates, and labour productivity. Following Choi, Han, and Kwak (2021) and Kim et al. (2023), we also use total debt as a proxy for access to credit. 
3. Methodology
3.1. Regression Discontinuity Design (RDD)
The ranking shows a Fuzzy Regression Discontinuity Design (RDD) with many criteria, where treatment is a non-deterministic function of final ratings. Southern and non-southern enterprises had discontinuous increases in assignment likelihood at 17.25 and 18.9. The normalised score (NScore) is calculated by regulating the actual score with the criterion value to analyse both groups. However, the small sample size concerns the initial link between meeting the standardised cutoff point and the treatment task. Cattaneo et al. (2024) argued that Fuzzy RDDs have a minimum F-statistic of 20. Our design does not fulfil this requirement. Hence, we estimate a Sharp RDD.
  		(1)
where Yi​ represents firm outcomes, Ti​ is an indicator for subsidy recipients, and f(NSi) controls for the normalised score. Local linear regression is employed, utilising a triangular kernel and robust standard errors. We utilise the strong bias-corrected RD estimations described by Calonico et al. (2020) and adapted the approach that Card et al. (2014) suggested by implementing a local linear RD estimator. Following Calonico et al. (2018) methodology, we employ the closest neighbour heteroskedasticity-robust variances estimates for inference, requiring a minimum of three neighbours.
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There are no indications of discontinuities close to the normalised cut-off in the NS frequency histogram displayed in Figure 1(a). A more thorough analysis of manipulation is carried out in Figure 1(b), which provides estimates of the density function and closely examines the region surrounding the cut-off. There appears to be an absence of manipulation based on the overlapping 95% confidence boundaries on both sides. Finally, following the guidelines provided by Cattaneo et al. (2020) and McCrary (2008), the study performed the prescribed tests and failed to reject the null hypothesis, showing no discontinuity in either case.
Due to the restriction that qualifying firms could not run for more than five years, initial treatment balance sheet data transparency differs widely. Next, the study uses pre-treatment characteristics to analyse Equation (1) to evaluate ex-ante variable variations. Consequently, we utilise the mean of firm attributes from the preceding three financial years leading up to the application’s deadline. Table 1, in its 1 to 8 Columns, reveals no significant differences among firms ex-ante regarding innovation experience, wages, enterprise success,  assets, and debt, reinforcing our research design's validity. Ultimately, column 9 indicates a noteworthy and statistically significant correlation between achieving the required rating and obtaining the subsidy—the below 20 values from the F-statistic support our decision to present ITT estimates.
Table 1: Balancing of Covariates and Effect on Subsidy
	Variable
	Tangible Assets
	Intangible Assets
	Sales
	Sales/Employees
	Employees
	Wage
	Total Debts
	Ever Patented
	Subsidy

	Treated
	1.075
	-1.052
	1.043
	0.889
	-0.190
	0.687
	-0.053
	0.064
	0.353***

	(Std. Err.)
	(0.856)
	(0.909)
	(0.792)
	(1.573)
	(1.177)
	(1.276)
	(0.687)
	(0.173)
	(0.126)

	Observations
	80
	120
	73
	55
	38
	34
	121
	135
	86

	Bandwidth
	1.782
	2.122
	1.644
	2.093
	1.336
	1.392
	2.358
	2.466
	1.519


Point estimate coefficients are generated using the conservative RD estimations using a first-order multinomial, a triangle kernel, and a solitary shared MSE-optimum bandwidth. The nearest neighbour approach estimates heteroskedasticity variance with a minimum of three observations for the standard errors and the p-value for bias-corrected RD estimations donated *with a p<0.1; **with a p<0.05; ***with a p<0.01.
4. Results
Table 2 illustrates the effect of reaching the cut-off score on research and development activities and innovation metrics. We investigate the short-, medium-, and long-term impact by exploring the periods 2016–2019, 2020–2023, and 2024–2027. Unlike enterprises below the cut-off, intangible fixed assets (IFA) rose by 230% in Column 1 over 2013-2015 during the first four treatment years. The effect is significant, with enterprises receiving treatment within the designated bandwidth experiencing an average increase of ₩1.2 billion. To be cost-effective, an investment of ₩1 required an average of ₩0.85 in subsidies. 
Table 2: Results of the R&D Support Effect on IFA and Innovation 
	Period
	Avg. IFA Investments
	Any Patents
	Log(1+Citations) (% change 2013–2015 to X)

	2016–2019
	2.394***
	0.014
	-0.109

	2020–2023
	3.266***
	0.026
	0.728

	2024–2027
	4.233**
	0.077
	-0.047

	(Std. Err.)
	(0.889)
	(0.190)
	(0.278)

	Observations
	125
	106
	123

	Bandwidth
	2.416
	2.007
	2.340


Notes: See Table 1.
The medium- and long-term coefficients indicate a slight increase, implying that the initial IFA growth persisted at a somewhat reduced rate and extended for a minimum of ten years. Nonetheless, the support did not show a notable effect on technology-driven innovation, as the study could not observe significance in diverse timeframes regarding citation-weighted patents and patenting. A possible description involves qualifying project plans directly associated with process or product innovation, with a high probability of enhancing revenues and productivity (Li et al., 2024), yet might not necessarily lead to patents. Moreover, companies frequently make a calculated decision to refrain from patenting to keep valuable information confidential (Arora, Belenzon & Suh, 2022).
Table 3: The Subsidy's Impact on Enterprise Success
	Period
	Avg. Log (Sales)
	Avg. Log (Sales/Employees)
	Avg. Log (Employees)
	Avg. Log (Wage)
	Avg. Log (Total Debts)
	Years Active

	2016–2019
	0.895
	1.249
	0.163
	-1.951*
	0.498
	-0.188

	2020–2023
	2.947**
	1.179**
	1.096*
	-0.246
	0.017
	-0.354

	2024–2027
	3.596**
	1.404
	2.221*
	0.252
	1.612
	0.440

	(Std. Err.)
	(0.687)
	(0.908)
	(0.437)
	(1.090)
	(0.696)
	(0.186)

	Observations
	122
	50
	103
	42
	99
	91

	Bandwidth
	2.431
	1.211
	2.547
	1.197
	1.873
	1.763



Notes: See Table 1.
Our analysis reveals a lack of positive responses across all dimensions in the short term; however, companies that meet the cut-off demonstrate significantly better performance in the medium- and long term. The turnover in the medium term is approximately 18 times greater, indicating an average rise of ₩780 million, with each ₩1 requiring ₩1.20 in subsidies. The long-term effect is even more pronounced, suggesting a lasting enhancement in achievement. In the medium term, there is a notable increase in labour productivity, rising by 320%. The effect appears comparable but insignificant in the short and long term. It isn't easy to ascertain with certainty if productivity reacted immediately and if that reaction was enduring. 
Regarding employment, a consistent positive impact of 290% was observed in the medium term and an impressive 920% in the long term. For the firms that received treatment within the selected bandwidth, this indicates hiring 5 and 10 employees per firm, with associated costs of ₩180 million and ₩80 million in subsidies, respectively. In terms of wages, our findings indicate a significant adverse effect only in the short term, suggesting that this impact may be temporary. The long-term effects on credit access, as indicated by total debt, are evident; however, the estimates lack precision. This interpretation is supported by several strong arguments, even though our data does not conclusively show a causal relationship between R&D expenditures and gains in productivity and business success. First, research by Crass and Peters (2014) and Niebel et al. (2017) shows that R&D activities significantly influence the positive relationship between IFA and production. Secondly, while the subsidy immediately impacts IFA growth, the improvements in firm success become more precise and more accurately assessed only after several years.
There may be apprehensions about the possible confounding of our findings stemming from differences in firm survival. In addressing this matter, columns 16–18 examine the operational duration of companies throughout the three post-periods. The results indicate a lack of systematic differences, which further supports the reliability of our findings. 
5. Discussion and Policy Implications
Our findings demonstrate how crucial R&D subsidies are for promoting business expansion and performance, especially in high-tech industries. Government support for research and development in innovation has significantly boosted employment, total sales, and the proportion of innovative sales for seven years (Testa et al., 2019). Moreover, the influence of R&D support may vary across various firms and industries. In essence, support for research and development enhances private research initiatives and overall business performance, whereas state-owned enterprises frequently receive more lavish subsidies than their privately-owned counterparts (Guo et al., 2014). Studies indicate that specific R&D grants yield more significant advantages than general subsidies (Testa et al., 2019), particularly for high-growth companies that predominantly operate within the technology industry.
Additionally, factors like innovation incentives and signal finance have an impact on how R&D assistance transforms corporate success (Wang et al., 2020). Such incentives are most effective for private enterprises that are both young and large, suggesting that targeted subsidy programs that consider firm-specific characteristics are needed (Wang et al., 2020). Other factors, such as policy formulation, enterprise innovation ability, and external environment, have affected the effectiveness of innovation policies (Ao, 2025). The long-term effects of R&D subsidies can be increased by promoting better access to finance for young innovating firms and providing additional resources (such as networks and advice) (Testa et al., 2019).
Concerning innovation outputs, although R&D support has been found to raise R&D spending, its impact on patenting is more ambiguous. While some literature has found that R&D support increases future patenting activity, the effect is heterogeneous across industries and firm types (Cherif et al., 2023). This highlights the need to assess R&D program success using multiple measures, including going beyond traditional metrics by examining intangible investments and aggregate firm performance (National Research Council, 2014).
Policymakers should consider broader economic and institutional environments when designing R&D subsidy programs. The mechanism of subsidy policies can be significantly shaped by market competition, institutional environment and industrial clusters (Ao, 2025). Combining R&D subsidies with other types of support (e.g., tax relief) can provide a supportive innovation environment (Testa et al., 2019).
Indeed, although R&D subsidies are essential for promoting firm growth and innovation, they still need to be designed and implemented in a way that properly incentivises firms and encourages optimal levels of R&D. Inclusion of a broader range of innovation and varying firm requirements would lead to better policies that would drive the economy toward being more dynamic and innovative.
6. Conclusion
This study evaluates the impact of a 2015 South Korean government R&D subsidy program for high-tech firms initiated by the Ministry of Science and ICT (MSIT). Using a Regression Discontinuity Design (RDD) paradigm based on project scores, we demonstrate a significant increase in firms' investments in intangible fixed assets (IFA) and their success over 10 years. However, the subsidy had little impact on patenting.
The study shows that public R&D funding effectively boosts business performance and intangible investment, which drives long-term growth and innovation. We demonstrate that government R&D subsidies boost high-tech startup performance but do not directly improve patenting activity. The subsidies may not have significantly impacted innovation, as patent evidence suggests that enterprises may not have pursued patentable outcomes. This may be due to corporations not publishing strategic information in patents or financed initiatives focusing on product development and process innovation.



The study emphasises the importance of intangible investments for long-term prosperity and the need for governments to examine R&D initiatives holistically. In conclusion, this study contributes to the rising research on government R&D funding fostering innovation and economic growth, particularly for technology-based start-ups in South Korea. Future research might explore how R&D subsidies impact innovation, company performance, and long-term sustainability. We recommend that future researchers uncover the exact model under certain market conditions as suggested in previous studies (Shahid & Sattar, 2017; Shahid et al., 2021; Li et al., 2024) 
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