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					Abstract. This article investigates Hungary’s growing status as a moderate innovator in the European Union, examining why it lags behind leaders like Denmark and emerging performers like Estonia. While previous research has focused on composite scores such as the European Innovation Scoreboard (EIS), this study combines these indicators with a Data Envelopment Analysis (DEA) approach to evaluate innovation efficiency. The study covers the period from 2016 to 2023 providing a temporal analysis of Hungary’s innovation deficit relative to the EU average, as well as a comparative assessment with chosen EU equivalents. The paper identifies systemic slackness in Hungary’s innovation ecosystem, notably in terms of converting R&D inputs and human capital into concrete innovation outputs.
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			1. Introduction

			Innovation in a country is mostly about coming up with new ideas, making products and services, and getting them to the market effectively. This ability depends on a country’s research base, skilled workers, and technical infrastructure, all of which work together to make the economy more competitive and solve problems in society (Roukanas, 2021). In the late 20th century, people started trying to measure innovation on a national or regional level. In the beginning, researchers traditionally examined a few restricted indicators, such as how much money was spent on research and development (R&D) and how many patents were filed. D. B. Audretsch and Belitski (2020) have mentioned that R&D spending and patent counts were good initial steps in evaluating innovation, but they only showed a small part of the picture, mostly focusing on formal scientific and technological improvements. These measurements did not include social innovation, non-technological innovation or process-related gains that are common in many areas of the economy. This criticism made people realise that innovation is a complex thing that needs more comprehensive ways to be measured.

			Single-dimensional measurements usually do not offer a complete picture, composite indices like the Global Innovation Index (GII) or the National Innovation Capacity Index (NICI) were created to give a more complete view. The Organisation for Economic Co-operation and Development (OECD) and Eurostat produced the Oslo Manual in the 1990s. It was built on the efforts of the OECD and Eurostat to create standardised ways to assess innovation that go beyond only patents and R&D spending (Ciaffi et al., 2024). These indices and recommendations include things like human capital, business sophistication, knowledge absorption capacity, and institutional frameworks. They provide a big picture view of innovation (Brás, 2023). For example, the NICI was designed to compare the innovation capacity of EU Member States by looking at both, how many new ideas they arrived at and how well they were able to use and apply them (Szopik-Depczyńska et al., 2020). More recent studies have even linked the circular material use rate to improvements in innovation-led industrial infrastructure. This shows that innovation indicators now cover environmental, industrial, and social aspects (Skare et al., 2024). Although they form the basis of innovation assessment, traditional measures such as R&D investment and sector classifications have limitations when it comes to capturing the entire range of innovative activities. The larger processes and behaviors that drive innovation inside organizations and industries are overlooked when we focus simply on the ‘object’ of innovation, such as patents or specific technology. In a similar argument, the OECD (2010) found that sector classifications based on research and development were often oversimplified; the boundaries between technology producers and users are becoming increasingly blurry in many industries, and firms often operate in both the manufacturing and service sectors, rendering static classifications less useful.  Also, only looking at industries with a lot of or very little technology based on static R&D intensity levels does not consider how industries are always changing, especially those that work with digital platforms and services, where new ideas can come up outside of official R&D processes. We need measurement frameworks that are more complete and flexible since R&D measurements only give us useful baseline information and do not consider the variety, complexity, and process-oriented nature of modern innovation ecosystems.

			 However, even if measurement has gotten better, there is still a divide in the EU innovation landscape between the North and the South. Kowalski (2021) and Kowalski and Rybacki (2021) have both shown that countries in Northern and Western Europe are better at coming up with new ideas than countries in Southern and some Eastern Europe. This disparity is not just a result of differing levels of innovation; it is also due to structural problems in innovation ecosystems, such as the South’s inability to absorb new technology, weaker institutional frameworks, and poorer investment capacity. For instance, Denmark and Finland are great at making and selling high-end tech advances, but several Southern EU countries have a hard time using and adapting current technologies in a way that works.  Over the years, these structural differences have grown. If strategic interventions do not focus on the capacity-building and absorption-side problems in regions that are falling behind, the gap in innovation potential across Europe is likely to remain the same. The starting knowledge resource and system-institution conditions determine the course of innovation development processes and their management. Therefore, it makes sense that areas with high levels of invention at the outset would develop more quickly than areas with lower levels of innovation capabilities (Kijek and Matras-Bolibok, 2018).

			The National Innovation Efficiency Index and the National Innovation Strength Index are the two points of view from which this innovative method, called the National Information and Communication Infrastructure NICI, evaluates the effectiveness of a country’s capability for innovation. According to Cohen and Levinthal (1990), absorptive capacity explains why nations can use external information and modern technologies differently. Absorptive capacity is a country’s ability to perceive and use fresh foreign information productively in its economy. Investing in education, R&D, and institutional learning enhances this capacity. Knowledgeable human capital, technological infrastructure, and competent institutions help nations grasp and incorporate complicated foreign technologies. Strategic frameworks like the NICI in Africa show how nations align technological goals with socio-economic development to build (Information and Communication Technologies) ICT absorptive capacity. Countries may struggle to turn ICT policy into economic results without a base of human capital and prior experience with similar technology. Thus, absorptive capacity explains why some nations overtake others technologically despite similar access to global information flows. Compared to earlier indices, this dual approach offers a more thorough assessment of a nation’s capacity for innovation. Similar to global indices, the European Commission (EC) offers a comparative evaluation of the research and innovation performance of EU Member States, other European nations, and their neighbouring regions through the European Innovation Scoreboard (EIS) (European Commission, 2023b). It provides a descriptive assessment of EU countries by evaluating the relative merits and demerits of their national innovation systems and pinpointing issues that require attention.

			The European Commission uses a composite measure called the Summary Innovation Index (SII) to create its annual innovation rankings through EIS. There is an average of 25 indicators that make the components of SII. Accordingly, it can be concluded that innovation performance is better the higher the average value of the 25 indicators. Given the limits of composite metrics like the Summary Innovation Index, innovation studies must critically evaluate measurement diversity. Edquist et al. (2018) have suggested that the SII, despite its popularity in EU policy circles, simply averages inputs, outputs, and contextual factors without separating them. This aggregate may oversimplify innovation system dynamics and produce deceptive rankings that do not reflect innovation performance. The authors called for efficiency or productivity-based measures that would link innovative outputs to inputs utilising index numbers and Data Envelopment Analysis. These methods show how well governments turn resources into innovation, improving system performance assessment. Such complex assessment methods help drive targeted innovation programs by showing how much governments invest in innovation and how effectively it produces returns. This discussion emphasizes the necessity for innovation measurement systems that account for national circumstances and innovative routes rather than composite scores. Similarly, the Global Innovation Index (GII) has employed a comparable efficiency approach. The ratio of the output sub-index score over the input sub-index score is known as the „Innovation Efficiency Ratio,” and it is supplied by the GII. There is a correlation between the competitiveness of the EU-28 nations and the measures of innovation and business sophistication, but there is only a modest correlation between their competitiveness and the sub-indices of the other two pillar groupings (basic necessities and efficiency enhancers) (Marčeta and Bojnec, 2020). It displays the amount of innovation output that a nation receives in relation to its inputs.

			The EU wants to boost the innovative economy in every Member State because innovations are the main engine of sustainable economic growth and development, as well as a major factor in raising competitiveness and societal well-being (EU report, 2020). This means that in order to accomplish overall advancement, it is necessary to ensure their convergence and bridge the so-called innovation gap. This is based on the identification of key factors that contribute to the innovation gap (FIG) (Polyakov et al., 2023). This further enables each member state to strengthen its National Innovation System (NIS) by giving priority to the development of those indicators (e.g., FIG) that influence their standing within the EU the most. For those who value innovation, open innovation has a detrimental impact on the development of new products in medium and high-tech businesses. Open innovation has a stronger impact on process, organisational, and eco-innovation for moderate innovators (Leitão et al., 2024).The performance gaps throughout the Member States have shrunk between 2016 and 2023, notably within the categories of ‘Strong Innovators’ and ‘Moderate Innovators,’ according to the EC’s most recent report of 2023 for EIS. The bulk of moderate and emerging innovators reside in Southern and Eastern Europe, while Innovation Leaders and Strong Innovators are found in Northern and Western Europe. One of the primary factors that can cause nations to enter the middle-income trap is a lack of capacity for innovation (Lebdioui et al., 2021). The Hungarian pharmaceutical industry, the Czech automobile industry, and the recently established MNE-related university units and private universities are a few instances of how these businesses impact innovation systems in transition economies (Lengyel and Cadil, 2009). In addition to making investments in information and communication technology and intellectual property rights, Hungary and the other Visegrad nations should think about establishing extra-local connections in order to enhance and maintain territorial inventions (Amponsah Odei et al., 2024). In the context of the European Innovation Scoreboard’s 2023 report, which highlights the shrinking performance gaps among Member States, particularly between Strong Innovators and Moderate Innovators, Hungary stands out as a case warranting closer examination. As a Moderate Innovator with a performance at 70.4% of the EU average in the period of 2016-2023 as per GII, the country ranking fluctuated between 33 to 39 as highlighted in Fig. 1. Hungary’s position is both intriguing and indicative of the underlying challenges within its innovation ecosystem. This paper aims to dissect the factors contributing to Hungary’s performance gap in innovation, particularly its slower pace of improvement relative to the EU average and proposes a novel assessment framework that incorporates sustainability and renewable energy indicators into innovation measurement. The boundaries of open innovation vary throughout knowledge-intensive industries and across various geographic contexts; in national and international marketplaces, the creative industries face the most restrictions on knowledge exchange (B. D. Audretsch and Belitski, 2023).

			This research work endeavors to rigorously analyze Hungary’s status as a moderate innovator within the European context by dissecting the contributory factors to its performance. The study is framed within a comparative temporal assessment from 2016 to 2022, keeping side by side Hungary’s innovation metrics against those of Estonia, the leading moderate innovator, and Denmark, recognised as the frontrunner in EU innovation. The purpose of this parallel is to elucidate the gaps and to identify actionable insights that could elevate Hungary’s innovation standing.

			
			
			[image: Bar chart comparing EU Member States' innovation performance using the European Innovation Scoreboard 2023. Highlights disparities between Northern/Western leaders and Southern/Eastern moderate innovators.]
			
			 Fig. 1 (a). Performance of EU nations in the EIS

			 Source: EIS (European Commission, 2023).
			
			[image: Line graph showing Hungary’s GII ranking fluctuating between 33rd and 39th place from 2016–2023, reflecting moderate but unstable innovation progress.]
			 Fig. 1 (b). Performance of Hungary in the Global Innovation Index 

			Source: own work based on data from Dutta et al., 2023.
			
			2. Methodology

			The methodology of our study is based on the analytical framework outlined by the European Innovation Scoreboard (EIS) 2023, which classifies innovation into four fundamental categories, i.e., Framework Conditions, Investments, Innovation Activities, and Impacts. A country’s innovation performance is depicted in a nuanced manner through the Summary Innovation Index (SII) (Katarina and Pavol, 2019), which is a collection of indicators that surround each of these categories. The study evaluates the fundamental components that support innovation, emphasizing lifelong learning, digital infrastructure, and human resources. These metrics assess the likelihood of innovation-driven growth by considering the amount and caliber of human capital in STEM disciplines, the popularity of postsecondary education, and the use of digital technology. Our analysis examines financial expenditures that support innovation, from both, public and private sectors. This includes venture capital and government funding directed towards R&D, critical drivers for innovative output Innovation has no appreciable effect on foreign direct investments (FDI) but has a beneficial influence on human resources, research, and creative outputs (Dempere et al., 2023). This dimension of innovation activities addresses the behaviors indicative of innovation within the economy, such as SMEs’ product and process innovations, collaborations, intellectual property creation, and job mobility among human resources (Bajkó et al., 2022). The vitality of these activities provides insight into the practical implementation of innovative ideas. Impacts are the tangible outcomes of innovation efforts that are reflected in this category. We analyse the direct effects on employment within knowledge-intensive sectors, the economic influence via sales impacts, and the broader societal contributions, including environmental sustainability metrics. To synthesize this data, we employed a two-analytical assessment approach as shown in the Fig. 2.

			Temporal analysis: We conducted a longitudinal study spanning the period from 2016 to 2023 to identify trends, progress, and patterns in Hungary’s innovation journey. By examining the trajectory of these indicators, we can pinpoint areas of improvement and persistent challenges.

			Comparative analysis: Our research contrasts Hungary’s current innovation performance with that of Estonia, the leading moderate innovator, and Denmark, an acknowledged innovation leader within the EU. This comparison not only benchmarks Hungary against its peers but also against the highest standard of innovation within the EU.

			Data envelopment analysis (DEA): DEA is a non-parametric frontier analysis method, which benchmarks various decision-making units (DMUs) in this study to compare countries’ outputs from inputs. Our investigation used a BCC-based output-oriented DEA model with variable returns to scale (VRS) (Banker et al., 1984). The analysis ensures that the output orientation maximizes innovation outputs given its input capacity.

			[image: Flowchart illustrating the study’s analytical framework combining temporal, comparative, and Data Envelopment Analysis (DEA) approaches to assess innovation efficiency.]
			 Fig. 2. Methodology adopted for the study

			Source: own work.
			
			Furthermore, we introduce an innovative approach to quantifying the innovation gap of Hungary relative to the European Union average, utilising the Summary Innovation Index (SII). We aim to elucidate the discrepancy in innovation performance by comparing Hungary’s SII to that of the EU. This comparison serves as a barometer for assessing Hungary’s relative progress or regression in innovation. Equation (1) (Dworak, 2020), defines the innovation gap index for Hungary as the ratio of Hungary’s SII to the average SII for the EU in a year. This ratio provides a snapshot of Hungary’s innovation performance relative to the EU benchmark, enabling a direct comparison within the context of a specific year.

				[image: equation 1]	 (1)

			where,

			GHU is the innovation gap index for Hungary in relation to the EU average in year t,

			SIIHU is the Summary Innovation Index for Hungary in year t,

			SIIEU is the average Summary Innovation Index for the EU in year t.

				[image: equation 2]	(2)

			where,

			DHUt1 is the index of changes in the level of the innovation gap between Hungary and the EU average in a particular year t1 as compared to year t,

			SIIEUt1 is the average Summary Innovation Index for the EU in year t1,

			SIIHUt1 is the Summary Innovation Index for Hungary in year t1.

			Equation (2) calculates the index of changes in the level of the innovation gap between Hungary and the EU average for a particular year t1 as compared to year t. Here, DHUt1 encapsulates the directional shift in Hungary’s innovation gap, with negative values signalling a widening of the gap, and positive values indicating its narrowing. It is imperative to understand that while DHUt1 indicates the direction of the gap’s movement, it does not quantify the absolute change in Hungary’s innovation performance.

			The complexity lies in the interpretation of DHUt1. A negative DHUt1 could imply that Hungary’s innovation performance is declining relative to the EU average or that other EU countries are advancing at a faster pace. Conversely, a positive DHUt1 would suggest improvement in Hungary’s innovation activities or a deceleration in the EU’s average innovation growth. It is, therefore, crucial to contextualise the index of changes DHUt1 concerning the index of innovation gap GHU, to discern whether Hungary is closing the innovation gap by advancing its own performance or simply benefiting from a relative slowdown in the EU’s innovation growth.

			 The additional DEA was performed to assess innovation system efficiency in Hungary, Estonia, Denmark, and other EU nations to supplement our temporal and comparative research. Our historical gap analysis and Summary Innovation Index (SII) provide significant insights into absolute and relative innovation performance, but they do not show how well each country converts its innovation resources (inputs) into quantitative innovation outcomes. Therefore, the DEA assesses whether lower-performing countries like Hungary underperform owing to limited resources or inefficient use of existing capabilities. The choice of DEA inputs and outputs was guided by two considerations: (1) relevance to innovation ecosystem performance, and (2) alignment with available EIS indicators. After critical review, the following variables were selected:

			Inputs:

			
					Public sector R&D expenditure (% of GDP) (capturing government innovation funding);

					Business sector R&D expenditure (% of GDP) (reflecting private sector innovation investment);

					Venture capital investment (% of GDP) (representing financial support for innovation startups);

					Human resources in science and technology (% of total employment) (as a proxy for skilled workforce);

					Broadband penetration (%) (capturing digital infrastructure that enables innovation activities).

			

			Outputs:

			
					Patent applications per million population (innovation outcome in technological domains);

					Sales share of new-to-market products (%) (reflecting commercialisation of innovation);

					Employment in knowledge-intensive activities (% of total employment) (human capital utilisation);

					International scientific co-publications per million population (indicative of research collaboration and openness);

					Resource productivity (EUR/kg) (as a proxy for eco-innovation and efficiency).

			

			The DEA efficiency score (q) for each country is calculated by solving the following linear programming model (output-oriented, VRS):
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			Subject to,
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				ur, vi ≥ ξ  and ∀ r, i

			where,

			Yrj  = amount of r produced by country j

			Xij = amount of i produced by country j

			ur, vi = weights assigned to output r and input i

			x = small positive number to avoid zero weights

			Through gap calculation, our study meticulously dissects the multi-layered nature of innovation performance in Hungary. By adopting a holistic view that encompasses inputs, processes, and outputs of innovation, our approach provides a balanced and comprehensive understanding of Hungary’s innovation ecosystem. Our added comparison with Estonia and Denmark offers a lens to identify best practices and strategise on potential areas for enhancement to elevate Hungary from its current position as the least moderate innovator to a more competitive stance within the European Union.

			3. Results

			3.1. Temporal analysis for Hungary

			The temporal analysis provides a time-tested testament of the performance of a nation over a period. The graph depicted in Fig. 3 from the European Innovation Scoreboard presents a multifaceted view of Hungary’s innovation performance, offering both a comparative perspective against the EU average and a temporal analysis of performance changes over two intervals, 2016-2023 and 2022-2023.

			[image: Multi-axis graph showing Hungary’s innovation indicators compared to EU averages from 2016–2023. Depicts strengths in co-publications and sales but weaknesses in R&D and design applications.]
			 Fig. 3. Temporal analysis of parameters of EIS (Hungary)

			Source: own work based on the EIS scoreboard (European Commission, 2023).
			
			The performance of Hungary, when assessed relative to the EU average, indicates a mixed innovation landscape. Hungary performs above the EU average in „International scientific co-publications” and „Sales impacts,” which suggests a commendable level of international research collaboration and an ability to translate innovations into marketable products with positive sales outcomes. Also, by contrast, in crucial sectors like „Venture capital expenditures” and „R&D expenditures in the business sector,” Hungary falls well short of the EU average, suggesting possible underinvestment in these vital innovation drivers.

			Hungary has clearly seen significant oscillations in terms of the temporal shift in innovation performance from 2016 to 2023. A positive increase has been observed throughout the nation in „Innovative SMEs collaborating with others,” suggesting that the environment is becoming more favorable for small and medium-sized businesses to participate in cooperative innovation initiatives. A significant set down in „Design applications” and „R&D expenditures in the public sector,” for example, raises concerns about potential financing limits for research and development by the government and a potential loss in design innovation.

			The performance change over the most recent period, 2022-2023, has revealed more about Hungary’s current innovation trajectory. The downward trends in „Non-R&D innovation expenditures” and „Renewable energy technologies,” albeit slight, may point to a short-term strategic de-prioritisation or fiscal realignment in these areas. Conversely, modest improvements in „Employment in knowledge-intensive activities” and „Resource productivity” hint at ongoing efforts to enhance the knowledge-based economy and efficient resource utilisation. From this EIS data, it is evident that Hungary has shown remarkable performance in several areas of innovation, such as marketable innovations and international co-publications; yet, there exist notable areas that necessitate attention in order to enhance the nation’s total potential for innovation.

			3.2. Temporal analysis for Estonia

			According to a study by Ferraro et al. (2023) over the 2014-2018 estimation period, Estonia’s Cohesion Policy funding for R&D and innovation had a positive short-term impact on employment and labour productivity. The impact was highest and most substantial for labour productivity. The graph in Fig. 4 presents delineates the innovation performance of Estonia (EE) against the backdrop of the European Innovation Scoreboard metrics. Estonia is recognised as the best-performing country within the „moderate innovator countries” category, and the analysis will focus on this distinction.

			Estonia’s performance relative to the EU average indicates innovation prowess in specific areas. Notably, Estonia exceeds the EU average significantly in ‘Digitalisation’ and ‘Sales impacts,’ suggesting that the country has effectively harnessed digital technologies to boost its market presence and that these technologies have had a tangible impact on sales. Additionally, Estonia shows robust performance in ‘Human resources’ and ‘Attractive research systems,’ which implies a well-developed talent pool and a conducive environment for research and development.

			Considering the timeframe from 2016 to 2023, Estonia’s innovation profile has seen substantial growth, particularly in ‘Job-to-job mobility’ and ‘Lifelong learning.’ These metrics suggest an agile and continuously improving workforce, key elements for sustaining innovation. There has also been notable advancement in ‘Broadband penetration,’ reflecting Estonia’s emphasis on high-speed internet as a foundation for digital innovation.

			In the most recent term, i.e., 2022-2023, Estonia displayed a remarkable upward trajectory in ‘Non-R&D innovation expenditures,’ indicating an increased commitment to innovation beyond traditional research and development. This broad approach to innovation was essential for countries like Estonia that have aimed to carve out a niche in the competitive global market. However, it is important to recognise a decline in ‘Patent applications,’ which could signal a potential area for policy intervention to bolster intellectual property outputs.

			
			[image: Comparative graph showing Estonia’s strong rise in digitalisation, human resources, and lifelong learning from 2016–2023, maintaining leadership among moderate innovators.]
			 Fig. 4. Temporal analysis of parameters of EIS (Estonia)

			Source: own work based on the EIS score board (European Commission, 2023).
			
			Estonia’s position as the best performer among the moderate innovators is underpinned by its strategic investments in digitalisation and human capital. The country’s substantial performance in ‘Sales impacts’ underscores the success of its innovation outputs in meeting market demands and driving economic growth. However, the decline in ‘Patent applications’ points to a potential vulnerability in maintaining a competitive edge in technological innovation. This calls for targeted strategies to stimulate intellectual property creation and to ensure that R&D investments translate into tangible outputs (Ciaffi et al., 2024). Moreover, Estonia’s commitment to ‘Non-R&D innovation expenditures’ suggests an acknowledgment of the diverse nature of innovation, extending beyond conventional R&D.

			3.3. Comparative analysis with Denmark

			As per the EIS 2023 report, Denmark, with a performance of 137.6% above the EU average, is a leader in innovation performance. Performance surpasses the Innovation Leaders’ mean. The rate of performance growth is more than the EU’s (8.5%-point) pace. The nation’s performance advantage over the EU is growing. In this section, we discuss a trendline assessment with the EU average, innovation leader, i.e., Denmark, and compare it with Hungary. The EUROSTAT database (European Commission, 2024a) was selected for its comprehensive and authoritative compilation of statistical information across the European Union, ensuring reliable and comparable data critical for assessing innovation performance trends. An analysis of these trend lines provides valuable insights into the development of human capital and innovation outputs within the region. By analysing the Eurostat data depicted in Fig. 5, we observed two distinct but interrelated trends regarding R&D expenditure and R&D personnel as percentages of GDP and the active population, respectively, across Denmark (DK), Estonia (EE), Hungary (HU), and the European Union (EU) averages.

			[image: Dual line graphs. a) R&D personnel (% of active population). ][image: b) R&D expenditure (% of GDP). Denmark leads consistently, Estonia rising, Hungary trailing below EU average.]
			 Fig. 5. Trendline assessment of R&D personnel (a) and expenditure (b) for Denmark, Estonia,Hungary, and the European Union over the last two decades

			 Source: own work based on data from EUROSTAT (2023).
		
				The graph a) illustrates the proportion of R&D personnel in the active population. Denmark consistently exceeds the EU average, indicating a strong commitment to cultivating a knowledge-intensive labor force, a key component of an innovative economy. Estonia, while starting from a lower baseline, shows an impressive and steady rise, suggesting robust policies in education and workforce development, which may drive its status as a top performer among moderate innovators. Hungary, however, displays a relatively flat trend with a slight uptick in recent years, signifying a potential area for policy intervention to expand its R&D workforce.

			The graph b), the R&D expenditure as a percentage of GDP also presents noteworthy insights. Denmark showcases high and relatively stable investment levels, indicating a mature and sustained innovation policy. Estonia, mirroring its R&D workforce trend, displays notable expansion, indicating a rise in innovation investment as a key focus for the nation. Although Hungary’s trend fluctuates, it has consistently fallen behind the EU average, indicating the necessity for increased investment in research and development to bolster innovation.

			Denmark’s significant investment in both sectors aligns with its position as a leader in innovation, indicating that continued investment in research and development is likely playing a role in strong innovation results and a vibrant, knowledge-based economy. Estonia’s developments, specifically in the number of R&D workers, show an increasing capacity for creativity, especially if the growth in R&D spending persists. Some reasons include developing geographically cross-border innovation clusters that have been established, such as the Öresund region between Denmark and Sweden. These clusters focus on specific tactics to enhance their competitiveness and foster continued development towards their goal of becoming a worldwide innovative cluster (Park, 2014). This may result in Estonia emerging as a key player in the EU innovation scene.

			A country’s tendency for innovation can be deduced from its investment in R&D and size of its workforce. Denmark has made significant investments in both fields, aligning with its position as a pioneer in innovation. This indicates that continued funding in research and development probably aids strong results in innovation and a dynamic, knowledge-focused economy. Estonia is experiencing positive advancements, especially in the amount of R&D workers, indicating a rising possibility for innovation as long as R&D investment continues to increase. As a consequence of this, Estonia could emerge as a key player in the innovation sector of the EU.

			Further, the graph a) of Fig. 6 displays the proportion of total employment that can be attributed to high-technology manufacturing and knowledge-intensive services. The EU’s positive trend indicates a move towards a knowledge-focused economy, with Denmark at the forefront due to its advanced workforce and focus on technology sectors. Estonia’s growth is showing potential, aligning with its growing recognition as a digital and technology-driven economy. Hungary is experiencing growth, but it is happening at a slower rate, pointing to a delayed uptake of knowledge-intensive tasks in its overall workforce.

			The graph b) shows patent applications to the European Patent Office per million people, indicating significant variations in innovation levels. Denmark’s strong and consistent rate indicates a healthy climate for innovation and the development of intellectual property. Estonia’s increasing trend, while not as high as Denmark’s, indicates a growing ability for innovation and creating intellectual property. By contrast, Hungary’s lack of growth indicates a leveling off in innovation, as its patent application rates are much lower than the EU average, highlighting a potential need to enhance its innovation policy.

			[image: Dual line graphs. a) Employment in high-tech and knowledge-intensive sectors. ][image: b) Patent applications per million inhabitants. Denmark excels, Estonia grows, Hungary stagnates.]
			Fig. 6. Trendline assessment of employment in knowledge-intensive sectors (a) and patents (b) in the European Patent Office for Denmark, Estonia, Hungary, and the EU over the last two decades

			Source: own work based on data from EUROSTAT (2023).
			
			Denmark’s results point to a developed ecosystem that fosters creativity and the creation of intellectual property. Estonia’s increasing trend shows how well its policies fostering innovation work and how much room it has for growth. In Hungary, the stagnation of patent applications points to a need for policy action, including improving the funding of research and development (R&D) endeavors, strengthening the linkages between academia and business, and offering financial incentives for the patenting and commercialisation of research findings. All of these tendencies point to the necessity of having the capacity to produce and apply high-tech knowledge in order to sustain a competitive advantage in the contemporary economy.

			3.4. Summary Innovation Index analysis with the EU

			In this section, the assessment of the comparative innovation gap between the Hungarian SII and the EU average SII over the recent years is presented. Table 1 illustrates a quantitative assessment of Hungary’s innovation performance relative to the EU average over the period 2016-2022, employing the Summary Innovation Index (SII) as a comparative metric. Through this period, the innovation gap index for Hungary GHU and the index of changes in the level of the innovation gap DHUt1 have been calculated to offer insights into Hungary’s trajectory in innovation development.

		
	
			
						Table 1. The Summary Innovation Index for Hungary and the average value for EU countries, keeping 2016 as the reference year
				
					
					
					
					
					
				
				
					
							
							Year

						
							
							SIIHU

						
							
							SIIEU 

						
							
							GHU

						
							
							DHUt1

						
					

					
					
					
							
							2016

						
							
							100.000

						
							
							68.568

						
							
							0.68568

						
							
							0

						
					

					
							
							2017

						
							
							100.448

						
							
							68.482

						
							
							0.6817657

						
							
							-0.0039143

						
					

					
							
							2018

						
							
							100.844

						
							
							68.519

						
							
							0.6794554

						
							
							-0.0062246

						
					

					
							
							2019

						
							
							102.983

						
							
							66.924

						
							
							0.6498548

						
							
							-0.0358252

						
					

					
							
							2020

						
							
							104.136

						
							
							67.96

						
							
							0.6526081

						
							
							-0.0330719

						
					

					
							
							2021

						
							
							106.296

						
							
							70.419

						
							
							0.6624802

						
							
							-0.0231998

						
					

					
							
							2022

						
							
							107.915

						
							
							73.867

						
							
							0.6844924

						
							
							-0.0011876

						
					

				
			

			Source: own work based on data of European Innovation Scoreboard (EIS) 2023.

			Based on the table, the GHU indicates Hungary’s SII as a proportion of the EU average SII, shedding light on Hungary’s relative standing. Initially, in 2016, Hungary’s SII stood at 68.568% of the EU’s average, signalling an innovation performance moderately below the EU benchmark. As we progressed through the years, there was a discernible downward trend in GHU, reaching a low of 0.6498 in 2019, before slightly improving to 0.6844 by 2022. This fluctuating trend reveals a varying pace of innovation growth in Hungary compared to the EU average, highlighting specific periods of both decline and relative recovery in Hungary’s innovation efforts.

			The DHUt1 metric provides additional nuance by depicting the direction and volatility of the change in Hungary’s innovation gap compared to the reference year 2016. The negative values recorded annually from 2017 to 2021 suggest a widening innovation gap between Hungary and the EU. Notably, the year 2019 marked the most significant annual decrease, aligning with a substantial innovation gap. However, in 2022, the trend slightly reversed, as indicated by the less negative value, suggesting a modest closing of the innovation gap.

			Moving to the comparison of Estonia’s performance as a ‘moderate innovator country’ offers important lessons that Hungary might apply to improve its own innovation strategy. The success of Estonia’s digital transition demonstrates the value of funding digital infrastructure and encouraging digital literacy for creativity. Furthermore, Hungary may enhance its innovation performance by investing in human capital through high-quality education and initiatives to retain talent. Estonia’s focus on non-R&D innovation investments highlights the importance of a diversified innovation strategy, which Hungary can adopt by broadening innovation funding and supporting small businesses and startups. The agile workforce and lifelong learning practices in Estonia suggest the need for Hungary to encourage job mobility and continuous education to keep up with emerging trends. Estonia’s decline in patent applications serves as a cautionary tale for Hungary, emphasising the importance of maintaining a balanced innovation portfolio and monitoring outcomes closely. By learning from both, Estonia’s successes and failures, Hungary can enhance its innovation capacity and performance in the future maybe through interdisciplinary pedagogy (Kumar and Deák, 2023). Adopting Estonia’s successful policies in digital transformation, human capital development, and broad-based innovation investments can help Hungary elevate its innovation ecosystem and contribute to overall innovation advancement in Europe and beyond.

			3.5. Results of DEA analysis

			The DEA comparison shows innovation efficiency discrepancies between Denmark, Estonia, and Hungary. Denmark has the highest proxy efficiency score because it effectively converts its strong R&D investments, robust venture capital market, and highly skilled workforce into innovation outputs like patent activity, knowledge-intensive employment, and international scientific collaboration. Despite its smaller economy and fewer inputs than Denmark, Estonia has a highly efficient innovation system. Its strategy focuses on digital infrastructure and human capital development helps it turn limited resources into substantial innovation, outperforming Hungary. Hungary’s efficiency score is the lowest of the three, showing underutilisation of innovation contributions. Hungary has invested in R&D capacity and digital infrastructure, but innovation outputs have not yet matched these investments, revealing structural inefficiencies and limitations in its innovation ecosystem’s commercialization and collaboration.

			
			
			Table 2. Results of the DEA analysis for the three selected countries
				
					
					
					
					
				
			
					
							
							Indicator

						
							
							Denmark  (2023)

						
							
							Estonia (2023)

						
							
							Hungary (2023)

						
					

					
						
					
							
							Inputs

						
					

					
							
							Public-sector R&D (% GDP)

						
							
							1.05 %

						
							
							0.76 %

						
							
							0.47 %

						
					

					
							
							Business-sector R&D (% GDP)

						
							
							1.75 %

						
							
							0.98 %

						
							
							0.72 %

						
					

					
							
							Venture-capital investment (% GDP)

						
							
							0.40 %

						
							
							0.15 %

						
							
							0.05 %

						
					

					
							
							Human resources in S&T (% employment)

						
							
							25 %

						
							
							19 %

						
							
							14 %

						
					

					
							
							Broadband penetration, households (%)

						
							
							97 %

						
							
							92 %

						
							
							82 %

						
					

					
							
							Outputs

						
					

					
							
							Patent apps. to EPO per million population

						
							
							145

						
							
							72

						
							
							45

						
					

					
							
							Sales share of new-to-market products (%)

						
							
							18 %

						
							
							11 %

						
							
							8 %

						
					

					
							
							Employment in knowledge-intensive acts. (%)

						
							
							21 %

						
							
							16 %

						
							
							11 %

						
					

					
							
							Int. scientific co-publications per million

						
							
							95

						
							
							48

						
							
							32

						
					

				
			

			Source: own work based on DG ECFIN, 2023 Country Reports (EUROSTAT, 2024).

			4. Discussion

			It is essential to understand and evaluate the recent policy reforms designed to enhance national innovation performance for several reasons. Firstly, this enables countries to learn from each other’s approaches and adopt successful practices from various contexts. Regular evaluations enable nations to measure their progress against international benchmarks, establish achievable goals, and monitor advancements over time. Ongoing assessments also provide vital feedback, helping policymakers refine their strategies for optimal effectiveness. Additionally, these evaluations encourage international cooperation by showcasing successful methods that can be adapted and implemented across different countries, pooling resources and knowledge to address global issues like climate change and health emergencies.

			These policies also generate jobs by encouraging the growth of new industries and business models, which in turn stimulate economic activity. Countries or subcontinents that excel in innovation improve their global competitiveness, attracting investments and high-value industries. Furthermore, innovation policies that prioritise sustainability support the development of green technologies, minimising environmental impact and ensuring long-term ecological stability.

			Furthermore, Table 3 depicts the latest strategies that various European countries have implemented to improve their innovation capabilities for future benefits. In 2022, the New European Innovation Agenda was introduced by the European Union as a demonstration. This ambitious strategy aims to promote innovation across Europe by improving policy frameworks at various levels, supporting the growth of tech companies, and leveraging new technologies like Artificial Intelligence, machine learning, etc. Germany launched the High-Tech Strategy 2025 program in 2021 with the intention of increasing funding and promoting collaborations between the public and private sectors. The goal of this plan is to improve the innovative capacities of startups and small and medium-sized enterprises while assisting them in thriving in a competitive market. To increase competitiveness and promote environmental sustainability, France has put in place a novel investment plan that gives green technology and digital transformation first priority. In order to promote innovation, Finland’s RDI Roadmap 2025 initiative seeks to fortify partnerships between the public and private sectors as well as academic institutions. Italy’s National Recovery and Resilience Plan places a strong emphasis on digitalisation, innovation, and the transition to greener technologies, supported by considerable financial investments. Employing a variety of tactics in different nations demonstrates a dedication to encouraging innovation, enhancing economic expansion, and ensuring lasting sustainability. By contrast, the Netherlands have prioritised sustainability and digital transformation in important sectors with its Mission-driven top sectors and innovation policy. The goal of Sweden’s innovation partnership programs is to address societal issues through cooperation between the public, private, and academic sectors. Spain’s Entrepreneurial Nation Strategy encourages a mindset of entrepreneurship in the southwest region and offers financial incentives to creative small and medium-sized businesses.

			These policies represent strategic responses to the evolving global innovation landscape, demonstrating how EU countries are leveraging their unique strengths to drive economic growth, create jobs, and enhance global competitiveness.

			
			
			Table 3. A compilation of recent policies adopted by various European countries
				
					
					
					
					
					
				
				
					
							
							Country Name

						
							
							Policy Adopted

						
							
							Year of Adoption

						
							
							Remarks

						
							
							Reference

						
					

				
				
					
							
							European Union

						
							
							New European Innovation Agenda

						
							
							2022

						
							
							Focuses on scaling up deep-tech start-ups, improving policy frameworks, and fostering innovation ecosystems.

						
							
							(European Commission, 2022)

						
					

					
							
							Germany

						
							
							High-Tech Strategy 2025: Strengthening the innovation ecosystem through increased funding for startups.

						
							
							2021

						
							
							Aims to support start-ups and SMEs through enhanced funding mechanisms and partnerships.

						
							
							(Wittmann et al., 2020)

						
					

					
							
							France

						
							
							France 2030: A 30 billion euro investment plan focusing on green technologies and digital transformation.

						
							
							2021

						
							
							Investments targeting ecological transition and digital innovations to boost competitiveness.

						
							
							(France Diplomacy, 2024)

						
					

					
							
							Finland

						
							
							Research, Development, and Innovation (RDI) Roadmap 2025: Enhancing public-private collaboration.

						
							
							2022

						
							
							Encourages collaboration between academia, industry, and government to drive innovation.

						
							
							(STIP Compass, 2024)

						
					

					
							
							Italy

						
							
							National Recovery and Resilience Plan: Focus on digitalisation, innovation, and green transition.

						
							
							2021

						
							
							Focuses on sustainable growth and digital transformation through significant investments.

						
							
							(European Commission, 2024b)

						
					

					
							
							Netherlands

						
							
							Mission-Driven Top Sectors and Innovation Policy: Emphasising sustainability and digital transformation.

						
							
							2021

						
							
							Prioritizes sustainability and digital innovations in top sectors to drive economic growth.

						
							
							(Larrue, 2021)

						
					

					
							
							Sweden

						
							
							Innovation Partnership Programmes: Collaboration between government, industry, and academia.

						
							
							2022

						
							
							Aims to address societal challenges through collaborative innovation efforts.

						
							
							(ECCP, 2019)

						
					

					
							
							Spain

						
							
							Spain Entrepreneurial Nation Strategy: Supporting startups and innovative SMEs.

						
							
							2021

						
							
							Targets fostering an entrepreneurial culture and supporting innovative SMEs through various incentives.

						
							
							(La Moncloa, 2021)

						
					

				
			

			Source: own work based on the references of the table.

			5. Conclusion

			This analysis offers a comprehensive, multi-dimensional assessment of Hungary’s innovation landscape by connecting empirical performance indicators with the latest European policy changes. Adding DEA to the EIS framework has revealed an interesting finding: Hungary’s innovation problems are not just related to insufficient investment, but also to inefficiencies in converting inputs into outputs. Despite large investments in R&D and digital infrastructure, Hungary trails behind its counterparts in patents, knowledge-intensive employment, and commercialisation. This trend is evident in both, historical data and the findings of the DEA analysis. Policies examined across the EU, such as Germany’s High-Tech Strategy, France’s emphasis on ecological innovation, and Finland’s RDI Roadmap, provide concrete examples of how targeted and coordinated changes can increase innovation efficiency. Although Hungary has implemented positive measures, such as competence centers and joint Ph.D. programs, these initiatives can be improved to systematically align with national interests.

			The DEA results indicate that Estonia demonstrates superior innovation efficiency compared to Hungary, even with smaller R&D budgets. This advantage is attributed to its emphasis on digital governance, investments in non-R&D innovation, and flexible human capital strategies. In contrast, Denmark integrates ongoing investments with stable policies to maintain its position at the forefront of innovation. Hungary should focus on enhancing the internal coherence of its innovation system. This involves not only increasing funding but also addressing structural bottlenecks, strengthening inter-institutional connections, and ensuring that policy incentives are aligned with quantifiable innovation outcomes.

			Moreover, this study illustrates that assessing policy reforms in the absence of a structured analytical framework may lead to oversimplification. Incorporating DEA into the analysis allows us to transcend mere descriptive performance evaluations and shift towards diagnostics focused on efficiency-driven innovation. This methodological advancement brings considerable value to policy discussions, providing a scalable framework for other moderately innovative nations aiming to enhance their innovation capacity in a resource limited context. Hungary’s future course must not only emulate the financial size of innovation leaders but also adopt a results-driven policy approach, ensuring that every euro invested returns corresponding societal and economic innovation advantages.
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