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Abstract

:

In today’s competitive and globalized world, innovation is essential for organizational survival, offering a means for companies to address environmental impacts and social challenges. As innovation processes accelerate, managers need to rethink the entire value-creation chain, with digital transformation emerging as a continuous process of organizational adaptation to the evolving societal landscape. The research question focuses on how digital technologies—such as artificial intelligence, Big Data, cloud computing, industrial and service robots, and the Internet of Things—influence innovation-driven revenues among enterprises within the European Union (EU). The paper examines, using neural network analysis, the specific impact of each digital technology on innovation revenues while exploring how these technologies affect various types of social innovation within organizations. Through cluster analysis, the study identifies patterns among EU countries based on their digital technology adoption, innovation expenditures, and revenues and the proportion of enterprises engaged in innovation activities. The findings highlight the central role of digital technologies in enhancing innovation and competitiveness, with significant implications for managers and policymakers. These results underscore the necessity for companies to strategically integrate digital technologies to sustain long-term competitiveness in the rapidly evolving digital landscape of the EU.
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1. Introduction


Digitalization is critical in optimizing production processes, enhancing communication between business partners, and reducing operational costs in the current global economy. It allows companies to use real-time data to make informed decisions, automate repetitive processes, and improve efficiency. However, merely implementing new technologies does not guarantee success. Companies must fundamentally rethink their business models to fully leverage the potential offered by digital transformation [1].



The transition to innovation-based business models entails a profound shift in how companies deliver value to their customers [2]. In an increasingly digitalized world, the ability to innovate and quickly adapt to technological changes becomes a key determinant of long-term success [3]. Digital transformation has fundamentally redefined how companies approach innovation. Digital technologies have opened new possibilities for innovation by facilitating global collaboration, democratizing access to knowledge and resources, and providing powerful tools for analysis and experimentation. Companies that efficiently integrate these technologies into their innovation processes will remain competitive and have the potential to redefine industries and create value in previously unimaginable ways. In the digital era, the ability to innovate quickly and efficiently increasingly equates to the ability to adopt and adapt to digital transformation [4]. Digital transformation in the context of innovation involves adopting new technologies and transforming organizational culture. Successful companies encourage a mindset of continuous experimentation, tolerance of failure, and rapid learning, all facilitated and amplified by digital tools.



Social innovation has recently gained increasing recognition as a powerful tool for driving social progress. It has become a critical component of public policy and corporate strategy as organizations across sectors seek to address our time’s social and environmental challenges. The essence of social innovation lies in its ability to reimagine existing social structures and relationships, enabling communities and organizations to respond more effectively to societal needs [5].



Developing an organizational culture that supports social innovation is essential for long-term success. These actions encourage collaboration and exchanging ideas among employees, the company, and external partners. Innovation managers must create an environment where employees feel free to experiment and take risks without fearing failure. Adopting clear and structured processes for managing ideas and innovation projects can enhance efficiency and reduce the time from conception to implementation [6]. Companies can respond more effectively to changes in the external environment and capitalize on emerging opportunities by promoting flexible and adaptable management [7].



The COVID-19 crisis in 2020 significantly accelerated social innovation across EU countries, with digital technologies playing a crucial role in enabling organizations to respond effectively to the challenges posed by the pandemic. The crisis highlighted the importance of adaptability, collaboration, and technology in driving social innovation, setting the stage for a more resilient and digitally enabled future.



This paper aims to comprehensively analyze how digital technologies, such as artificial intelligence (AI), Big Data (BD), cloud computing (CC), industrial and service robots (ISR), and the Internet of Things (IoT), influence the generation of innovation-driven revenues from innovation activities and the types of social innovation within the EU. The research addresses existing gaps by examining the specific impact of each digital technology on companies’ innovation revenues, which has been underexplored in previous studies. The originality of this paper lies in its application of artificial neural network analysis to evaluate the individual effects of these technologies and in its use of cluster analysis to categorize EU countries based on their adoption levels of digital technologies, innovation expenditures, and engagement in innovation activities.



The paper begins with an introduction that outlines the critical role of digital transformation in today’s global economy and the necessity for companies to rethink their business models to harness the potential of digital technologies. A literature review and hypothesis development section explores previous research on digital technologies and innovation, formulating hypotheses. The materials and methods section details the research design, selected data, and methods used in the study. The results section presents the findings from the artificial neural networks and cluster analyses. The discussion section explores the implications of these findings for innovation management and competitiveness in the EU. Finally, the conclusion summarizes the key insights and suggests directions for future research.




2. Literature Review and Hypotheses Development


2.1. The Role of Digital Transformation in Enhancing Innovation Performance


In recent years, digital technologies have revolutionized how companies manage their operations and innovate in products and services [8]. AI has advanced data processing and decision-making automation, bringing significant benefits in optimizing operations and improving efficiency. BD has provided valuable insights into operational performance and customer preferences, supporting the personalization of products and services. IoT has connected equipment and devices into an integrated digital ecosystem, improving the monitoring and management of physical assets. CC has enabled real-time resources and data access, facilitating rapid decision-making and process optimization. ISR enhances efficiency and precision in production lines and operational processes, reducing costs and production times. These technologies have led to continuous innovation in production methods and management models in the manufacturing sector and increased enterprises’ innovation capabilities [1]. By integrating these advanced technologies, companies can remain competitive and achieve long-term advantages in a rapidly changing global market [8].



The organization’s digital transformation may be the most challenging aspect, but it is also crucial for sustaining long-term innovation. Digital transformation is a comprehensive process through which organizations leverage digital technologies to alter their operations, business models fundamentally, and approaches to value creation. Digital transformation is not merely about adopting new technologies; it requires a strategic shift in how organizations generate value, engage with customers, and sustain a competitive advantage in an increasingly digital marketplace [9]. This shift often leads to innovative organizational changes, redefining traditional business practices and creating new growth opportunities.



Value creation, deeply intertwined with digital transformation and innovation, refers to the process through which organizations deliver products or services that hold significant customer value [10]. In the context of digital transformation, value creation is often enhanced through the innovative application of digital technologies, which can lead to improved customer experiences, streamlined operations, and the development of new business models.



Digital transformation involves restructuring internal processes, adopting new agile and collaborative work methods, and developing the workforce’s digital skills. A digitally transformed organization can quickly adapt to changes, experiment with new ideas, and continuously learn from market feedback. Digital transformation facilitates access to new markets and business opportunities, and adopting digital technologies can significantly improve employee productivity. Automating repetitive tasks and implementing digital collaboration tools allow staff to focus on higher-value activities, thus stimulating innovation and creativity within the organization [11].



Digital transformation does not only involve adopting new technologies; it also requires a fundamental change in organizational culture. Enterprises must encourage a mindset oriented towards innovation, agility, and continuous learning to fully leverage the potential of digital transformation. In the current global market context, digital transformation is no longer an option but a prerequisite for enterprises wanting to remain relevant and competitive. Companies that embrace this change and invest in digital technologies are better positioned to face future challenges and seize emerging opportunities in an increasingly digitalized economy [12].



Digital transformation represents not merely an incremental improvement of existing technologies but a radical change in how production and operations are conceived and executed, integrating digital technologies into all aspects of the value chain [1]. Automating production processes eliminates human errors and allows companies to operate continuously, thus increasing production capacity and reducing the time needed to bring products to market [13]. At the same time, optimizing resources using advanced algorithms can lead to significant savings in raw materials and energy, contributing to the long-term sustainability of operations.



Another essential aspect of digital transformation is the ability to collect and analyze data in real-time, providing companies with valuable information to make quick and informed decisions, anticipate and prevent problems before they arise, and rapidly adapt processes to the dynamic demands of the market [3]. This agility and responsiveness become major differentiators in a highly competitive global business environment [14].



Implementing digital technologies in companies’ operational processes brings multiple benefits. These include increased efficiency, reduced costs, improved customer experience, and innovation ability [8]. In a world where adaptation to specific customer needs is essential, advanced technologies allow for the small-scale but efficient production of a limited series of customized products without compromising costs or quality [15]. This ability to offer personalized solutions meets customer demands and creates opportunities to explore new market segments and develop closer customer relationships [16]. Companies that quickly adapt their digital infrastructure to meet market demands will have a significant competitive advantage [1].



Adopting digital technologies allows firms to offer more efficient and personalized solutions, quickly adapting to changing market needs [17]. Performance-based business models can provide customers guaranteed service or efficiency, significantly increasing customer satisfaction and loyalty [15]. At the same time, using artificial intelligence and BD can provide companies with detailed insights into customer behavior and preferences. CC and the IoT facilitate connectivity and access to data from any location, allowing continuous global monitoring and the optimization of operations [14]. Companies that invest in these technologies can develop innovative business models that improve efficiency, reduce costs, generate new revenue streams, and create sustainable long-term value [1].



In many cases, companies that focus solely on adapting their products or services through digitalization without fully exploring the innovative potential of digital technologies risk overlooking transformation opportunities [18]. Instead of using collected data to develop new product lines or personalized services, some firms may only enhance existing functionalities, limiting growth and innovation potential [1]. Using digital transformation solely to support current products can stagnate innovation, as the firm fails to adapt to new market demands and rapid technological changes [19]. On the other hand, firms that adopt a holistic approach to digital transformation and integrate new technologies into all aspects of their business model are more likely to innovate and ensure sustainable long-term growth. Therefore, real success in the digital age requires more than just digitalizing existing products; it involves fundamentally rethinking the entire business model and how technology creates new and sustainable value.



Digital transformation can drive the creation of new revenue flows or increase existing flows for companies [20]. Digital technologies transform how companies generate revenues and manage and optimize operations, supporting continuous innovation and sustainable growth [21]. Iansiti and Lakhani [14] also show that innovations based on digital technologies improve operational efficiency and create new revenue sources and business models that can radically transform industries. In a dynamic and globalized business environment, companies that embrace and invest in digital transformation have the potential to significantly differentiate themselves from the competition and lead the market through continuous innovation [1].



The paper proposes an initial hypothesis regarding the role of digital technologies in improving innovation performance:



Hypothesis H1.

Digital technologies positively influence revenues from innovation activities in the EU countries.






2.2. The Influence of Digital Technologies on Types of Innovation


Using digital technologies in innovation enables companies to significantly reduce the time needed to develop and launch new products. Technologies like AI can analyze large amounts of data to identify market trends and consumer preferences, providing companies with valuable insights to develop products that better meet market demands. Digital collaboration tools (such as CC) facilitate communication and coordination among geographically dispersed product development teams, allowing faster and more efficient innovation. Integrating IoT technologies into existing products can add new functionalities and enhance user experience by providing connected and personalized services. These advancements improve operational efficiency and create opportunities to differentiate products in the market and build stronger customer relationships. Companies can better navigate the complexity and dynamics of the global market by leveraging digital technologies, thereby ensuring a competitive advantage and sustainable long-term growth [22].



Innovation, a central theme in discussions about digital transformation, is defined by Schumpeter as the introduction of new combinations of resources that result in new products, processes, markets, or organizational structures [23]. Schumpeter emphasizes that innovation is the primary driver of economic development and competitive superiority. Drucker highlights that innovation extends beyond technological advancements, including new ways of creating value through business processes and entrepreneurial practices [24]. Drucker views innovation as a crucial tool for entrepreneurs, enabling them to capitalize on change and transform it into an opportunity.



Within the broader framework of innovation, it is essential to distinguish between technological and social innovations. Technological innovations involve technological advancements and processes that enhance efficiency or result in new products. Schumpeter’s theory primarily focuses on this type of innovation, considering it the backbone of economic progress. On the other hand, social innovations aim to improve social practices, relationships, or structures, often addressing societal needs or challenges. Mulgan underscores that social innovations emerge from efforts to meet social needs in ways not always driven by market forces, thereby contributing to societal well-being and sustainability [5]. This distinction is crucial for understanding the multilayered nature of innovation, which can simultaneously drive economic growth and foster social progress.



Adopting innovation-based strategies allows companies to respond swiftly to market changes and technological advancements [25]. In fast-paced technological sectors, continuously launching new products and improving existing ones is crucial for maintaining competitiveness and relevance. Process innovations can significantly reduce production times and costs, enabling companies to offer competitively high-quality products. Flexibility and adaptability are significant in a globalized business environment, where customer demands and preferences change rapidly. Companies can quickly adjust the production volume and type to meet variable demand by optimizing supply chains and adopting lean production methods. Innovation-based strategies enhance operational efficiency and create opportunities for expansion and growth in new markets [25]. These strategies can foster an organizational culture focused on social innovation and continuous improvement.



Ferreira et al. [26] investigated why companies opt for implementing digital technologies and the impact of digitalization on innovation and performance. They revealed that the main reasons for companies’ digital transformation include the desire to remain competitive in a rapidly changing business environment, the need to improve operational efficiency, and the aspiration to meet the continuously evolving demands of customers better. Regarding the impact on innovation, the research of Ferreira et al. [26] demonstrated that adopting digital technologies boosts companies’ capacity to innovate. Integrating digital tools into research and development processes allows for better data collection and analysis, facilitating the rapid identification of new market opportunities and accelerating innovation cycles.



Product, process, and industry-level innovations are strongly stimulated by digital technologies, which not only positively influence individual company development but also catalyze a profound transformation of the entire economic ecosystem, fostering collective integration and progress [27].



At the product level, digital technologies enable unprecedented personalization and the continuous improvement of functionalities. Using AI and IoT in consumer products allows real-time adaptation to user needs and preferences, creating unique experiences and added value. This fact increases customer satisfaction and opens new market opportunities and business models based on personalized services. Digital goods and service innovations radically transform how consumers interact with products and services [28]. These innovations meet existing needs more efficiently and create new market demands and opportunities [29].



Within a company, innovation extends beyond developing new products to encompass how operations and internal processes are managed [30,31]. Implementing advanced process management practices can improve workflow efficiency, reduce wait times, and improve production quality. This action is essential in a dynamic business environment, where the ability to respond quickly to market changes and customer demands can make the difference between success and failure [32]. Dynamic capabilities enable organizations to be proactive and anticipate changes rather than merely reacting when they occur. Adaptability is fundamental in digitalization and globalization, where rapid and frequent changes occur. Therefore, developing and strengthening dynamic capabilities should be a strategic priority for any organization aiming to remain competitive and thrive in the long term [33]. In this context, innovation is a tool for increasing efficiency and a fundamental mechanism for survival and success in a constantly changing business environment.



Regarding process innovations, digital technologies have catalyzed a profound transformation of how companies operate [34]. Automation based on artificial intelligence and machine learning optimizes supply chains, improves production efficiency, and reduces human errors [35,36]. Ben and Hikkerova [37] argued that the opportunities offered by digital technologies enable the implementation of continuous innovation processes and capabilities, highlighting the transformative potential of digital technologies in redefining how organizations approach innovation. Companies can create a virtuous cycle of improvement and adaptation, essential for long-term success in an ever-changing economic landscape, by adopting a continuous innovation mindset supported by digital tools and processes.



Innovation capability contributes to maintaining long-term competitiveness as it allows organizations to adapt to market changes and proactively respond to emerging customer needs. Companies that invest in developing innovation capability can introduce new products and services and improve internal processes, thereby increasing operational efficiency and reducing costs [38]. An organizational culture that promotes creativity, collaboration, and continuous learning supports this ability to transform knowledge and ideas into practical and valuable solutions. Thus, innovation capability is a competitive advantage and a strategic necessity in a business environment characterized by rapid and complex changes. Organizations that can continuously transform knowledge and ideas into new solutions will prosper and lead the industry in the future.



Innovations in organizational practices may represent digital technologies’ most subtle yet profound impact [39,40]. The effect of digital transformation on organizational practices is as significant as innovation at the product, service, or process level [20,41]. Companies need to reconfigure their internal structures to support new technologies and processes. Digital transformation can also radically alter supply and distribution chains [42]. Another area where digital transformation has a strong influence is customer relationships. Collaborative digital platforms enable closer and more personalized customer interactions, providing superior user experiences and services tailored to individual preferences. Thus, digital transformation is not just a technological trend but a fundamental change in how companies operate, innovate, and create value [43,44]. Its impact extends to all levels of the organization and can determine a company’s long-term success or failure. This action requires a well-thought-out strategy and rigorous implementation to maximize benefits and minimize associated risks [31].



Analyzing the impact of digitalization on types of innovation is essential for understanding how companies can improve their innovation capabilities [45,46]. Previous research has shown that effectively integrating digital technologies can strengthen a company’s position in innovation, facilitating product and service development, improving processes, and modifying organizational practices [21,47].



This paper proposes a second hypothesis regarding the influence of digital technologies on different types of innovation:



Hypothesis H2.

Digital technologies positively influence all types of innovation, with the most significant impact on process innovations, communication, and logistics chains.






2.3. The Relationship among Digital Technologies, Innovation Expenditures and Revenues, and the Percentage of Innovating Enterprises in the EU


Integrating innovations in digital technologies into organizational strategies and operations is not just an option but an imperative necessity for sustainability and competitiveness in the digital era [48]. These innovations provide the tools to navigate the increasing complexity of the business environment, respond swiftly to changes, and create value more sustainably and responsibly [49]. In this context, organizations that invest significantly in innovation activities and successfully embrace and efficiently integrate these digital innovations position themselves best to thrive in the uncertain and dynamic future that lies ahead [11]. The findings of Zhang et al. [27] highlight the critical importance of digital transformation as an innovation driver for existing companies, especially in the face of market and technological uncertainty. These firms can maintain their relevance and competitiveness and become innovation leaders in their industry by embracing digital transformation, transforming the challenges of uncertainty into opportunities for growth and market differentiation [50].



Implementing modern digital technologies, such as AI, BD, IoT, CC, and ISR, enables companies to accelerate the innovation cycle and bring products that better meet customer demands to market. Firms that can rapidly integrate new technologies into their operational processes also gain a significant competitive advantage, as they can respond more efficiently to market changes and technological advancements [51]. Innovations help companies react to market changes and allow them to anticipate and influence these changes. Innovative firms can launch products that create new market segments or change consumer behaviors, setting new standards in the industry. Adopting digital technologies and generating innovations are interdependent processes that ensure companies’ survival in a competitive environment [52]. The ability to continuously innovate and quickly adapt to new technologies becomes a critical differentiator in the long-term success of any organization.



2.3.1. Internet of Things


In the organizational environment, the IoT revolutionizes production and logistics processes. Sensors integrated into industrial machinery allow for real-time performance monitoring, the anticipation of maintenance needs, and the optimization of energy consumption, improving operational efficiency, reducing costs, and minimizing downtime [28]. The IoT is more than a mere technological innovation; it catalyzes a fundamental transformation of how we interact with the world around us. From enhancing operational efficiency in industry to revolutionizing daily life, the IoT creates a more innovative, connected, and potentially more sustainable world [53]. As technology evolves, its impact on society and the economy will deepen, opening new frontiers for innovation and progress.



Incorporating the IoT into innovation management strategies enables a significant transformation in how companies conduct their activities and make decisions. The IoT allows for the real-time monitoring and control of production processes, reducing downtime and improving operational efficiency [54]. Data collected from various devices can be analyzed to identify patterns and trends that can lead to process optimization and the development of new products and services [55]. IoT technology is increasingly important in industrial and commercial innovation [4]. Smart and interconnected devices become essential to modern business infrastructures, facilitating greater flexibility and adaptability to market changes.




2.3.2. Cloud Computing


CC is more than a mere technological innovation; it is a transformative factor for modern supply chains and, by extension, the entire global business landscape [56]. CC enables companies to build more resilient, efficient, and responsive supply chains by facilitating increased visibility, improving collaboration, reducing costs, and enhancing agility [57]. As CC evolves, its impact on how companies operate and compete globally becomes more pronounced, redefining the fundamentals of supply chain management in the digital era [35].



Adopting CC offers companies significant opportunities to optimize operations and improve innovation capacity. Integrating CC into decision-making processes is particularly important, as it allows rapid access to relevant data and advanced analytical tools [58]. Thus, companies can respond more efficiently and quickly to changes in the business environment and adjust their innovation strategies to adapt to new realities. CC contributes to innovative companies’ competitiveness and long-term success by improving information flow and reducing the time needed to transform ideas into products and services [4].




2.3.3. Artificial Intelligence


Integrating AI into production processes represents a paradigm shift in the manufacturing industry. AI optimizes existing processes and prepares the ground for more innovative, flexible, and sustainable production models by enhancing efficiency, precision, and adaptability [59]. In addition to operational benefits, AI fosters product innovation. Companies can create products customized and optimized for specific consumer needs using AI algorithms in the design and development phases. This action improves customer satisfaction and creates opportunities for new business models based on customized and on-demand production [48]. As technology continues to evolve, its impact on product design, manufacture, and distribution will expand, redefining the fundamentals of industrial production in the digital era [60]. AI can lead to more informed strategic decisions and the development of products and services that better meet market needs [61].




2.3.4. Big Data


BD is more than just a collection of information; it is a transformative tool that redefines how we understand the world. BD can potentially address some of the most pressing challenges of modern society, from climate change to social inequalities, by facilitating more informed decisions, more efficient communication, improved coordination, and more precise actions [62]. BD’s impact on organizing and managing society will extend as data analysis technologies evolve, opening new possibilities for innovation and progress [28].



In the manufacturing industry, BD enables a detailed analysis of production processes, identifying areas for cost savings and increasing productivity [63]. In the healthcare industry, BD transforms medical care. Healthcare providers can personalize treatments and intervene more promptly in emergencies by collecting and analyzing real-time data on patient behaviors [64]. The ability to effectively collect, analyze, and utilize large volumes of data gives companies and medical institutions the advantage of responding quickly and efficiently to emerging challenges and opportunities [4].




2.3.5. Industrial and Service Robots


ISR can learn and optimize complex tasks through trial and error without explicit programming. They allow for unprecedented flexibility and adaptability in production lines, making mass customization and small-batch production highly efficient [65]. The capability of ISR to autonomously learn and optimize complex tasks represents not just an incremental improvement in industrial automation but a fundamental transformation of how we conceive and operate production systems [66]. This technology prepares the ground for brilliant and adaptive factories capable of responding quickly and efficiently to changes in the business environment and continuously innovating production processes [67].



Using digital technologies, such as AI, BD, the CC, and ISR, plays a decisive role in shaping the innovative capacities of EU countries. Capello and Lenzi [68] examined regional innovation patterns in the EU. Their research identified five distinct types of innovative regions, offering a nuanced perspective on innovation disparities at the national and regional levels within the EU. Similarly, Szopik-Depczyńska et al. [69] grouped EU countries based on innovation indicators to investigate the degree of implementation of sustainable development goals. Żelazny and Pietrucha [70] investigated EU countries based on their performance in the digital economy and innovation, highlighting the close link between digitalization and the innovation capacity of enterprises. Regarding the percentage of innovating enterprises, Hollanders and Es-Sadki [71] used data from the European Innovation Scoreboard to group EU countries according to their innovation performance.



Hypothesis H3 is based on the premise that there are significant variations among EU countries regarding the adoption of digital technologies, innovation expenditures and revenues, and the percentage of innovative enterprises:



Hypothesis H3.

EU countries can be grouped into clusters based on digital technologies, innovation expenditures and revenues, and the percentage of innovative enterprises at the EU level.





To test Hypothesis H3, we will use cluster analysis to identify homogeneous groups of EU countries that exhibit similar characteristics regarding digital technologies, innovation expenditures and revenues, and the percentage of innovative enterprises.






3. Materials and Methods


3.1. Research Design


The research design involves a quantitative analysis to evaluate the influence of digital technologies on the innovative performance of enterprises in the EU. The study employs panel data from Eurostat, providing a comparative perspective on digital technologies and innovation outcomes. Artificial neural and cluster analyses are the primary methods used to test hypotheses and identify patterns in digital technology adoption and innovation revenue generation.



The research stages begin with identifying research objectives and hypotheses. Data collection focused on relevant variables, including digital technologies (artificial intelligence, Big Data, cloud computing, industrial and service robots, the IoT), innovation expenditures, innovation revenues, and the percentage of innovative enterprises. The subsequent step involves data processing to ensure completeness and accuracy, along with normalization to ensure comparability across different variables and units of measurement.



Applying the research methods (artificial neural network analysis and cluster analysis) is followed by the analysis and interpretation of results to understand the individual influence of each digital technology on innovation revenues. The identified groups, through cluster analysis, are interpreted to identify common characteristics and significant differences, assessing the involvement and performance of each cluster in the European innovation context. Conclusions and recommendations are formulated based on the study’s main findings summary. Figure 1 illustrates the research stages chart.



This systematic and well-structured approach ensures a comprehensive analysis of the impact of digital technologies on social innovation, providing valuable insights to guide EU policies and strategies.




3.2. Selected Variables


This empirical investigation selected variables from the Eurostat database, including indicators from 2020 and 2021. The sample size for this research comprises enterprises from all 27 EU member states, providing a broad and representative view of the European business landscape. The collected data reflect various aspects of digital technology use and the social innovation performance of enterprises in the European Union. The selected variables include the degree of digital technology adoption, encompassing AI, BD, the IoT, CC, and ISR use measurements. These technologies are essential for evaluating enterprises’ digitalization and technological transformation.



Turnover from innovation activities (percentage of total turnover) is one of the primary variables, measuring the additional income enterprises generate from introducing new products, processes, or services. This variable assesses the direct economic impact of innovation on firms’ financial performance. An investigation of the H2 Hypothesis implies variables defining types of social innovation: business process innovation, new or improved methods for producing goods or providing services, innovations in logistics, new business practices for organizing procedures or external relations, new methods of organizing work responsibility, decision-making or human resource management, new or improved processes for information processing or communication, new methods for accounting or other administrative operations, and new marketing methods for promotion, packaging, pricing, product placement, or after-sales services.



Business process innovations refer to implementing new or improved methods for producing goods or providing services, contributing to increased efficiency and competitiveness. Logistics innovations include improving the flow of goods and services and optimizing supply and distribution chains. New business practices for organizing procedures or external relations reflect innovations in how companies manage interactions with partners, customers, and other external entities. New methods for organizing work responsibilities, decision-making, or human resource management highlight changes in firms’ internal structures to enhance efficiency and improve performance.



New or improved information-processing methods represent technologies and practices that enable more efficient data management and faster, more accurate communication within and outside the organization. Innovations in accounting or other administrative operations include improvements in financial and administrative processes to increase accuracy and operational efficiency. New marketing methods for promotion, packaging, pricing, product placement, or after-sales services represent innovative strategies companies adopt to attract and retain customers, adapting to the ever-changing market demands and preferences. These variables provide a comprehensive view of the diversity and complexity of social innovation activities within European enterprises. For each category, the study measures the percentage of enterprises implementing such innovations, offering a nuanced view of the adoption of social innovation across different business aspects.



Cluster analysis implies two additional variables characterizing innovation: expenditure on innovation activities and enterprises engaged in innovation activities. Expenditure on innovation activities represents the percentage of investments enterprises allocate for innovation, excluding research and development. These expenditures reflect firms’ financial commitment to promoting and supporting innovation. The percentage of enterprises engaged in innovation activities is another essential variable, indicating the proportion of companies reporting innovative activities. This variable is important for understanding the degree of engagement and adoption of innovations within the European business environment.



The papers’ approach focuses on percentages of enterprises adopting various technologies and innovations, allowing for meaningful comparisons across different EU countries. This approach provides a normalized view of digitalization and social innovation trends across the European Union.



Table 1 presents the selected variables for research, the datasets, measures, and the data sources.



Table 2 shows the descriptive statistics of selected variables.




3.3. Methods


The methods employed in this research to analyze the complex impact of digital technologies on the innovative performance of enterprises in the European Union were artificial neural network analysis (ANN) and cluster analysis.



The analysis of Artificial Neural Networks (ANNs) focused on evaluating the individual influence of digital technologies on innovation revenues and the types of innovation generated by these technologies. ANNs, mathematical models inspired by the functioning of the human nervous system, are widely used in various fields to analyze and understand complex relationships in data. ANNs can effectively detect hidden patterns and trends in research data, offering significant insights into complex datasets [81]. This method was particularly useful in our study for identifying how each digital technology contributes to the innovative performance of enterprises within the European context. ANNs are powerful tools for pattern recognition, prediction, and classification tasks, making them invaluable in assessing the impact of digitalization on social innovation [82]. ANN enables highlighting the nuances of digital technology’s role in driving innovation, revealing specific contributions that might not have been apparent through traditional statistical methods [83].



In the second empirical stage of the research, cluster analysis was employed to test Hypothesis H3. Specifically, the Ward method was utilized to group EU countries into homogeneous clusters based on their levels of digital technology adoption, innovation expenditures, revenues, and the percentage of innovative enterprises. The Ward method is a hierarchical clustering technique that aims to minimize the variance within each cluster, thereby enhancing the homogeneity of the formed groups [84]. This method is particularly effective in providing clear and distinct groupings, essential for accurately interpreting the complex relationships between digitalization and innovation across EU countries [85]. Applying the Ward method in this analysis was instrumental in identifying and clearly defining country groups based on their typical profiles concerning key innovation and digitalization variables [86]. This approach not only allowed us to categorize countries but also to highlight significant differences between clusters. These differences were crucial for a deeper interpretation of the implications for innovative performance in the EU, as they revealed varying levels of digital maturity and innovation potential across member states [87]. The insights from this cluster analysis are valuable for policymakers and businesses, as they underscore the importance of customized strategies in fostering innovation through digital technologies in diverse national contexts.



When applied using IBM SPSS v.27 software, these methods provide a comprehensive understanding of how digital technologies drive innovation across Europe. This dual approach—combining the predictive power of ANNs with the structural clarity offered by cluster analysis—yields a robust framework for analyzing the intersection of digitalization and innovation. The approach underscores the importance of leveraging sophisticated analytical tools in contemporary research to better understand the complex dynamics of innovation in the digital age [88].





4. Results


We used the MLP (multilayer perceptron) method in the artificial neural network analysis. MLP is a feed-forward artificial neural network comprising an input layer, one or more hidden layers, and an output layer [81]. It models complex relationships between variables and can learn and generalize from data. MLP can be configured so that the input layer represents the level of digital technology adoption. The hidden layer is responsible for capturing innovative behavior at the country level. This layer performs intermediate data transformations, capturing complex relationships between inputs and outputs. The activation function used in this layer is the hyperbolic tangent, which returns values in the range (−1, 1), providing symmetric output scaling. The output layer reflects innovation revenues, and the activation function used is also the hyperbolic tangent. Figure 2 depicts the network diagram among variables.



Table 3 encompasses the predictors for the input and hidden layer variables and their relationships.



Table 3 shows that AI has a moderate contribution, with an influence weight of 0.190 and a normalized importance of 30.0%. BD has the smallest contribution, with an influence weight of 0.046 and a normalized significance of 7.3%, suggesting a limited influence on innovation revenues. CC and the IoT have the most significant contributions, with influence weights of 0.553 and 0.633 and normalized importance of 90.0% and 100.0%, respectively, indicating a substantial impact on innovation revenues. ISR has a smaller yet not negligible contribution, with an influence weight of 0.066 and a normalized importance of 10.3%. The MLP model analysis provides valuable insights into the impact of digital technologies on innovation activities (TIAs). The results validate hypothesis H1, indicating that these technologies positively influence TIA, albeit with varying importance. The IoT stands out as the most influential factor, closely followed by CC. Both technologies show significant and positive predictive coefficients, indicating a substantial contribution to innovation revenue growth. AI ranks third in importance, also demonstrating a positive, though more moderate, impact. ISR and BD, while positively influencing, play a less significant role in the model.



The model includes negative biases in both the input and the first hidden layers. These negative values suggest potential barriers or thresholds that must be overcome before digital technologies can fully exhibit their positive effects on innovation revenues. The MLP model data confirm the decisive role of digital technologies in fostering innovation and generating revenue, particularly highlighting the importance of the IoT and CC in this process. The results indicate the need to overcome specific obstacles to maximize the benefits of these technologies in innovation activities.



Another MLP model was employed to examine the correlation between digital technology adoption in EU member states and various forms of enterprise innovation. The model’s architecture begins with an input layer that receives data on the extent of digital technology adoption across European Union countries. This information is processed and transmitted to the network’s hidden layer. The hidden layer, representing innovative behavior at the country level, plays a crucial role in data processing and transformation. A hyperbolic tangent activation function activates the variables in this layer. After processing in the hidden layer, the output layer receives the information. This final layer produces the model results, represented in our case by various types of enterprise innovation (BPI, MPGS, INOL, NBP, DMHR, IPC, AAO, and NMM). The output layer uses a sigmoid activation function. The sigmoid function transforms inputs into a range between 0 and 1, allowing the model to capture complex and nonlinear relationships between input and output variables. Figure 3 depicts the network diagram among variables.



Table 4 encompasses the predictors for the input and hidden layer variables and their relationships.



Analyzing the data from Table 4, we conclude that digital technologies positively influence all types of innovation, confirming the validity of Hypothesis H2. In particular, according to their normalized importance, CC, BD, and the IoT have the most significant influence on innovation. These technologies are fundamental for process innovation, communication, and logistics chains, as they have significant weights in hidden and output layers.



Process innovations (BPI), the communication domain (IPC), and logistics (INOL) are strongly influenced by the activation of the hidden layer, indicating that digital technologies play a decisive role in these areas. Process innovations (BPI) have the highest influence weight (2.552), suggesting a significant impact of digital technologies on this type of innovation. Thus, the data support the hypothesis that digital technologies positively and significantly impact various types of innovation, especially in processes, communication, and logistics, confirming that adopting these technologies is crucial for fostering innovation in enterprises.



Hypothesis H3 explores the possibility of grouping EU countries into homogeneous clusters based on adopting digital technologies, innovation expenditures and revenues, and the percentage of enterprises engaged in innovative processes. This clustering approach provides a comprehensive perspective on how European economies adopt and implement emerging technologies and innovations, reflecting innovation capacity and economic structure variations.



We aim to identify common patterns and regional particularities through cluster analysis, contributing to a deeper understanding of the European innovation landscape. The research evaluates the adoption of AI, BD, the IoT, CC, and ISR, correlating these variables with investments in innovation activities and their financial performance. The Ward method enabled the formation of homogeneous clusters using the squared Euclidian distance [84]. Figure 4 illustrates the dendrogram with three homogeneous clusters. These clusters are built using data corresponding to several key variables that capture innovation activities and digital technology adoption across enterprises in the European Union. The variables used to build these clusters include AI, BD, the IoT, CC, ISR, TIA, EXPIA, and ENTIA. The resulting three clusters likely represent different levels of innovation and digital maturity among EU countries. The dendrogram visualization provides a clear hierarchical representation of these relationships, allowing an intuitive understanding of how closely different EU member states are related regarding their innovation and digital technology landscapes.



Table 5 presents data for the level of digital technology adoption and innovation, with indicators grouped into the three clusters.



Cluster 1 includes countries, such as Hungary, Poland, Bulgaria, Spain, Latvia, Slovakia, and Romania. These countries have variable innovation expenditures and revenues and different degrees of digital technology adoption. Hungary and Poland exhibit moderate values of EXPIA and similar percentages of ENTIA but differ in AI and IoT adoption. Spain stands out with high TIA values, while Latvia and Slovakia have higher innovation expenditures but different percentages of digital technology adoption.



Cluster 2 comprises countries like the Czech Republic, Cyprus, Lithuania, Malta, the Netherlands, Estonia, Italy, Germany, Greece, Croatia, Portugal, Luxembourg, and France. These countries generally exhibit higher percentages of EXPIA and ENTIA. Cyprus and Estonia have significant expenditures on innovation activities, and Italy and Germany show high percentages of enterprises that innovate. Adopting digital technologies, such as AI, BD, and CC, is more widespread in these countries, reflecting a greater innovation capacity.



Cluster 3 includes countries like Austria, Slovenia, Finland, Sweden, Belgium, Denmark, and Ireland, with the highest innovation revenues and high percentages of enterprises that innovate. Finland and Sweden have the highest percentages of using digital technologies, such as CC and ISR. Denmark and Ireland stand out with a high percentage (over 60%) of enterprises engaged in innovation activities and significant IoT, CC, and AI adoption.



The data from Table 5 confirm the validity of hypothesis H3, indicating that EU countries can be grouped into homogeneous clusters based on digital technologies, innovation expenditures and revenues, and the percentage of enterprises that innovate. Each cluster reflects a different level of digital technology adoption and innovation capacity, highlighting each country’s diversity and economic specialization within the European Union.




5. Discussion


Companies that successfully leverage the potential of digital transformation will outperform competitors in terms of revenue growth and operational efficiency [1]. These companies will reduce costs through process optimization and explore new revenue streams by developing innovative offerings [89]. Furthermore, they will build closer customer relationships by providing personalized solutions and high-quality services. In an increasingly globalized and interconnected market, the ability to rapidly adapt business strategies to technological changes and innovate will become a crucial factor for long-term success [17].



The social crisis generated by COVID-19 in 2020 profoundly affected innovation in firms and other organizations across all EU countries. The pandemic created unprecedented challenges, disrupting traditional ways of working, accelerating the need for adaptability, and pushing businesses and public institutions to innovate rapidly in response to the crisis. This environment catalyzed social innovation, driving organizations to develop new solutions to address emergent social needs, particularly in healthcare, education, remote work, and social services. Social innovation during this period was characterized by the rapid development and implementation of new practices, processes, and collaborations to mitigate the pandemic’s social and economic impacts. Digital technologies were pivotal in enabling and driving these social innovations [67].



This paper aims to investigate the influence of digital technologies on social innovation by examining three main hypotheses. These hypotheses addressed the relationship between digital technologies and revenues from innovation activities, their impact on various types of innovation, and the possibility of grouping EU countries into homogeneous clusters. The goal was to gain a deeper understanding of the dynamics of innovation in the EU and to identify common patterns and regional specificities to guide future development strategies.



The first Hypothesis (H1) indicates that digital technologies significantly and positively impact the additional performance of companies derived from social innovation activities. This result is supported by recent research highlighting various digitalization practices and their effects on business performance [20,31,44,90]. Thus, our findings support that a holistic digitalization aligned with company strategy and values and involving deep employee engagement in the digital transformation can significantly improve business performance. This behavior enhances operational efficiency and facilitates the development of innovative products and services that better meet market demands and provide long-term competitive advantages.



Digitalization creates value for companies and significantly impacts their overall performance. Recent studies emphasize that adopting digital technologies can improve operational efficiency, reduce costs, and enhance the customer experience, contributing to revenue growth and market position strengthening [31,91]. Our findings highlight the importance of investments in digitalization to increase competitiveness through continuous innovation. Companies that successfully adopt and integrate digital technologies into their strategies and business models can stay ahead of the market and quickly anticipate and respond to changes in the global business environment.



The second Hypothesis (H2) results confirm that digitalization positively impacts companies’ innovation capacities, enhancing market competitiveness. Previous studies [21,31,45,92] have demonstrated that adopting digital technologies can stimulate creativity and efficiency in an organization’s innovation processes. Digitalization promotes the development of more integrated innovative solutions to the complex demands of the modern market. Our research results underscore the strategic importance of integrating digital technologies across all business aspects, from internal operations to customer interactions and product development.



Digital technologies significantly accelerated the product development cycle, enabling companies to bring innovations to market faster. Digital technologies, such as AI, BD, CC, the IoT, and ISR, catalyzed innovation across multiple organizational domains. These technologies are not merely tools but transformative forces that reshape how businesses conceive, develop, and implement innovations. Implementing digital technologies not only speeds up the launch of new products but also improves their quality and relevance, providing a significant competitive advantage for companies that adopt these technologies [22].



AI profoundly impacted business process innovation by enabling companies to automate complex tasks, make data-driven decisions, and personalize customer experiences at scale. This technology influenced the development of new methods for producing goods and providing services by optimizing production lines, predicting maintenance needs, and enhancing quality control processes. In logistics, AI and the IoT worked to create smart supply chains, improving tracking, reducing waste, and enhancing overall efficiency [60].



BD was crucial in shaping new business practices for organizing procedures and external relations. BD allowed companies to make informed strategic decisions and tailor their offerings to meet evolving market demands. This technology also influenced new methods of organizing work responsibilities and decision-making by providing managers with real-time data and predictive analytics to guide their choices [32].



CC revolutionized how businesses approach information processing and communication. It has enabled new or improved methods for collaborative work, data storage, and information sharing, breaking down silos within organizations and facilitating seamless communication with external partners. This technology also paved the way for new methods in accounting and administrative operations, allowing for real-time financial reporting, improved compliance, and more efficient resource allocation [56].



The IoT has been instrumental in driving innovations across various domains. In marketing, IoT devices provide valuable data for creating new promotion methods, product placement, and after-sales services [54]. They enable businesses to track product usage, gather real-time customer feedback, and offer personalized marketing experiences [53,55].



ISR has significantly impacted the development of new or improved methods for producing goods and providing services [66]. They have enabled businesses to achieve higher precision, consistency, and productivity levels in manufacturing. In the service sector, robots are transforming customer interactions, from automated checkout systems to AI-powered customer service bots.



These digital technologies do not operate in isolation but often work synergistically to drive innovation. Combining IoT sensors, BD, and AI can lead to predictive maintenance systems in manufacturing, representing a new approach to production methods and logistics management. Similarly, integrating CC with AI and BD enables new forms of collaborative innovation, allowing businesses to tap into collective intelligence and co-create solutions with customers and partners [48,49,50,51].



The research of Hypothesis H3 confirms that EU countries can be grouped into homogeneous clusters based on digital technologies, innovation expenditures and revenues, and the percentage of innovative enterprises. Each cluster reflects a different level of digital technology adoption and innovation capacity, highlighting economic diversity within the EU. Cluster 1 includes countries like Hungary, Poland, Bulgaria, Spain, Latvia, Slovakia, and Romania, with variable innovation expenditures, revenues, and lower-than-average EU digital technology adoption. Cluster 2 comprises countries like the Czech Republic, Cyprus, Lithuania, Malta, the Netherlands, Estonia, Italy, Germany, Greece, Croatia, Portugal, Luxembourg, and France, where the adoption of digital technologies, such as AI, BD, and CC, is more widespread, reflecting a higher innovation capacity. Cluster 3 includes countries like Austria, Slovenia, Finland, Sweden, Belgium, Denmark, and Ireland, with the highest innovation revenues and high percentages of innovative enterprises.



Digital technologies enhance existing business strategies and redefine the fundamentals of competition in the digital era. Companies that efficiently integrate AI, BD, the IoT, CC, and ISR into their strategies will be better positioned to create sustainable competitive advantages through operational excellence and reduced costs or unique and personalized product and service offerings [57]. The distinction between cost and differentiation strategies may become less evident in the future as companies use these technologies to excel in both areas simultaneously.



Success in the digital era depends on more than merely adopting technologies; it requires fundamentally transforming how organizations operate, innovate, and create value. Companies that develop adequate levels of digital readiness and organizational capacity view challenges as opportunities and deeply integrate digital technologies into their business processes, defining the future competitive landscape [93]. This transformation is not just about technology but also about a mindset shift and a culture of continuous innovation that allows organizations to remain agile and relevant in a rapidly changing business environment [94]. The importance of these digital technology-based innovations extends beyond the immediate benefits for companies and consumers. They play a decisive role in addressing global challenges. Moreover, these digital technology-based innovations create a network effect, where progress in one area catalyzes innovations in others [28].



Innovations in goods and services, processes, and organizational practices facilitated by digital technologies are the driving force of the digital economy and the catalyst for profound social and economic transformation [28]. They continuously redefine the possible limits, creating new industries, reshaping existing ones, and providing innovative solutions to global challenges. In this context, adaptability and the ability to embrace and implement these innovations become critical factors for success and sustainability in the digital era [95,96,97]. Optimizing resources through digitalization allows companies to use materials and energy more efficiently, reducing waste and operational costs [31]. Digitalization transforms how companies operate and profoundly influences our lives [98,99].



5.1. Theoretical Implications


Our investigation substantially advances the comprehension of digital transformation’s impact on innovative practices and competitive positioning within the European Union’s economic landscape. The findings demonstrate that adopting digital technologies, when aligned with organizational strategy and values, can improve operational efficiency and increase revenue, thus supporting the development of innovative products and services. Furthermore, digital transformation stimulates creativity and efficiency in social innovation processes, strengthening companies’ competitiveness. The research provides a detailed perspective on regional economic diversity and specialization by grouping EU countries into homogeneous clusters. This approach helps to understand the dynamics of regional innovation better and can guide the development of policies and strategies tailored to the specificities of each cluster. Our study emphasizes the importance of integrating digital technologies into business strategies to maximize the social innovation process.




5.2. Practical and Managerial Implications


Integrating digital technologies into business strategies is critical for companies that seek to remain competitive and drive revenue growth. The strategic adoption of these technologies allows businesses to optimize processes, reduce costs, and create new revenue streams through innovative products and services. Managers play a crucial role in this digital transformation and should approach it holistically, ensuring that the digitalization efforts align with the company’s core values and overarching strategy. It is equally important to actively involve employees in the transformation process, as their engagement and adaptability are essential to successfully implementing new technologies.



To strengthen customer relationships, companies must focus on delivering personalized solutions and maintaining high service quality standards. In today’s globalized and interconnected marketplace, the ability to swiftly adapt business strategies in response to technological advancements and evolving market demands is essential for long-term success. Investments in digital technologies enhance operational efficiency and foster a culture of creativity and innovation, which is vital for the ongoing development of competitive products and services.



At an industrial level, digital technologies facilitate greater integration among various actors within the value chain. This integration supports the emergence of hybrid and innovative business models, which can redefine traditional industry structures. Managers must be prepared for this fundamental shift in how organizations operate and innovate, cultivating a culture of continuous innovation to ensure their companies remain relevant and competitive in a rapidly evolving business landscape. Furthermore, by strategically leveraging digital technologies, managers can create sustainable competitive advantages, shaping the future competitive environment. Managers should focus on developing actionable strategies that prioritize the continuous upskilling of employees to handle new technologies, foster partnerships with tech providers to stay at the forefront of innovation, and actively monitor emerging digital trends to swiftly incorporate relevant advancements, such as quantum computing or AI-driven analytics, into their operations.




5.3. Limitations and Future Research


While this study offers valuable insights into the relationship between digital technologies and innovation within the EU, it is essential to acknowledge certain limitations that present future research opportunities. The cross-sectional nature of the data employed in this study restricts our ability to draw definitive causal conclusions about the impact of digital technology adoption on innovation outcomes. Future research could address this by utilizing longitudinal data, which would allow for an examination of the long-term effects of digitalization on innovation and overall company performance.



Moreover, the study’s focus on EU countries may limit the applicability of the findings to other economic and geographical contexts. Expanding future analyses to include a more diverse range of countries, particularly those with varying financial and digital development levels, could offer broader perspectives. Moreover, this study did not consider specific contextual factors, such as government policies, organizational culture, or industry-specific characteristics, which could potentially influence the relationship between digitalization and innovation. Investigating how these factors interact with digital technology adoption in future research could yield a more comprehensive understanding of the dynamics at play.



Another area for further exploration is the influence of specific digital technologies, such as artificial intelligence, blockchain, quantum computing, or augmented reality, on different types of innovation. While this study considered various forms of innovation, it did not delve deeply into how particular technologies drive each type. This line of research could provide more nuanced guidance for practitioners and policymakers, especially in understanding emerging technologies’ distinct roles in fostering innovation.



Finally, this study predominantly relied on quantitative data. Future research could adopt a mixed-methods approach, incorporating qualitative methods to explore how digitalization influences organizational innovation processes. Furthermore, as new technologies like quantum computing emerge, it would be valuable to investigate their potential impact on innovation and the ethical implications of AI in innovation processes. Such explorations could significantly enhance the relevance and depth of future research in this field.





6. Conclusions


In an era where digitalization is becoming increasingly integral to business operations, the ability to seamlessly integrate digital technologies into innovation management is emerging as a critical competitive advantage. These technologies do more than provide access to vast sources of information and knowledge; they enable real-time collaboration across global teams, fundamentally reshaping how innovation is perceived and managed within contemporary organizations. Digitalization is a supportive tool and a transformative force that redefines the innovation landscape.



This paper has underscored the pivotal role that digital technologies play in driving innovation within the European Union. The findings confirmed that adopting digital technologies enhances companies’ performance, particularly in revenue generation from innovation activities. This fact highlighted the necessity for a holistic approach to digitalization that is closely aligned with the company’s overarching strategy and actively engages employees throughout the transformation process. The research further demonstrated that digitalization enhances companies’ innovative capabilities, enabling them to develop more competitive products and services while optimizing internal processes.



The study’s analysis revealed that EU countries can be categorized into distinct clusters based on their levels of digital technology adoption, innovation expenditures, revenues, and the proportion of innovative enterprises. This cluster analysis provided valuable insights for policymakers, allowing for the development of tailored strategies that address the specific needs of each group of countries. The study’s findings emphasized that success in the digital era requires more than just adopting advanced technologies; it demanded a fundamental transformation in organizational operations, innovation processes, and value-creation strategies.



The implications for the European Union’s innovation landscape are profound. Companies that effectively integrate digital technologies, such as AI, Big Data, the IoT, cloud computing, and information systems resources, into their strategies are better positioned to secure sustainable competitive advantages. As the lines between different economic sectors continue to blur, the capacity to adopt and implement digital technology-driven innovations will increasingly determine long-term competitiveness and sustainability. This digital transformation signifies a technological shift and a revolution in how the modern economy approaches innovation and value creation, with far-reaching consequences for the EU’s future in the global market.
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Figure 1. Research stages. 
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Figure 2. MLP model of the influences of digital technologies on turnover from innovation activities. Source: authors’ design using SPSS v.27. 
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Figure 3. MLP model of the influences of digital technologies on types of innovation. Source: authors’ design using SPSS v.27. 
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Figure 4. Dendrogram. Source: authors’ design using SPSS v.27. 
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Table 1. Selected variables and measures.






Table 1. Selected variables and measures.





	Variable
	Dataset
	Measures
	Sources





	TIA
	Turnover from innovation activities
	Percentage of total turnover
	[72]



	AI
	Artificial intelligence
	Percentage of total enterprises
	[73]



	BD
	Big Data
	Percentage of total enterprises
	[74]



	CC
	Cloud computing
	Percentage of total enterprises
	[75]



	ISR
	Industrial or service robots
	Percentage of total enterprises
	[76]



	IoT
	Internet of Things
	Percentage of total enterprises
	[77]



	BPI
	Business process innovation
	Percentage of total enterprises
	[78]



	MPGS
	New or improved methods for producing goods or providing services
	Percentage of total enterprises
	[78]



	INOL
	Innovations in logistics
	Percentage of total enterprises
	[78]



	NBP
	New business practices for organizing procedures or external relations
	Percentage of total enterprises
	[78]



	DMHR
	New methods of organizing work responsibility, decision making or human resource management
	Percentage of total enterprises
	[78]



	IPC
	New or improved methods for information processing or communication
	Percentage of total enterprises
	[78]



	AAO
	New methods for accounting or other administrative operations
	Percentage of total enterprises
	[78]



	NMM
	New marketing methods for promotion, packaging, pricing, product placement, or after-sales services
	Percentage of total enterprises
	[78]



	EXPIA
	Expenditure on innovation activities
	Percentage of spending on innovation (excluding R&D)
	[79]



	ENTIA
	Enterprises engaging in innovation activities
	Percentage of total enterprises
	[80]







Source: developed by the author based on [72,73,74,75,76,77,78,79,80].













 





Table 2. Descriptive statistics.






Table 2. Descriptive statistics.















	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation
	Statistic
	Kurtosis





	TIA
	27
	3.8
	42.4
	13.019
	7.4551
	2.401
	8.783



	AI
	27
	0.5
	8.8
	2.696
	2.0259
	1.320
	1.779



	BD
	27
	2.7
	28.7
	12.367
	7.4369
	0.743
	−0.655



	CC
	27
	10.9
	75.5
	38.167
	17.4141
	0.580
	−0.587



	ISR
	27
	1.7
	12.8
	6.348
	2.6523
	0.258
	−0.081



	IoT
	27
	10.5
	50.8
	27.904
	9.6311
	0.734
	0.552



	BPI
	27
	5.7
	67.5
	43.333
	14.6021
	−0.567
	−0.232



	MPGS
	27
	2.9
	39.4
	22.596
	8.7142
	0.127
	−0.111



	INOL
	27
	2.8
	37.7
	14.507
	7.4059
	1.375
	2.912



	NBP
	27
	2.2
	38.6
	17.893
	9.6370
	0.758
	0.199



	DMHR
	27
	3.6
	43.9
	20.070
	9.2456
	0.639
	0.556



	IPC
	27
	3.6
	62.0
	25.126
	11.7954
	1.130
	2.655



	AAO
	27
	2.0
	57.5
	19.859
	11.3124
	1.665
	4.038



	NMM
	27
	3.3
	34.8
	17.274
	7.7203
	0.599
	0.240



	EXPIA
	27
	6.5
	80.6
	38.270
	20.2318
	0.007
	−0.770



	ENTIA
	27
	10.7
	72.6
	51.581
	14.9758
	−0.813
	0.476







Source: authors’ design using SPSS v.27.













 





Table 3. MLP model predictors for turnover from innovation activities.
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Predictor

	
Predicted

	

	




	
Hidden Layer 1

	
Output Layer

	

	




	
H (1:1)

	
TIA

	
Importance

	
Normalized Importance






	
Input Layer

	
(Bias)

	
−0.376

	

	

	




	
AI

	
0.190

	

	
0.126

	
30.0%




	
BD

	
0.046

	

	
0.031

	
7.3%




	
CC

	
0.553

	

	
0.379

	
90.0%




	
ISR

	
0.066

	

	
0.043

	
10.3%




	
IoT

	
0.633

	

	
0.421

	
100.0%




	
Hidden Layer 1

	
(Bias)

	

	
−0.650

	




	
H (1:1)

	

	
0.408








Source: authors’ design using SPSS v.27.













 





Table 4. MLP model predictors for types of innovation.
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Predictor

	
Predicted

	
Importance

	
Normalized

Importance




	
Hidden Layer 1

	
Output Layer




	
H (1:1)

	
BPI

	
MPGS

	
INOL

	
NBP

	
DMHR

	
IPC

	
AAO

	
NMM






	
Input Layer

	
(Bias)

	
−1.272

	

	

	

	

	

	

	

	

	

	




	
AI

	
0.586

	

	

	

	

	

	

	

	

	
0.102

	
35.2%




	
BD

	
1.549

	

	

	

	

	

	

	

	

	
0.252

	
86.5%




	
CC

	
1.882

	

	

	

	

	

	

	

	

	
0.291

	
100.0%




	
ISR

	
0.621

	

	

	

	

	

	

	

	

	
0.112

	
38.4%




	
IoT

	
1.263

	

	

	

	

	

	

	

	

	
0.243

	
83.6%




	
Hidden Layer 1

	
(Bias)

	

	
−0.001

	
−0.574

	
0.034

	
0.193

	
−0.553

	
−0.537

	
−0.140

	
−0.624

	

	




	
H (1:1)

	

	
2.552

	
1.120

	
1.493

	
0.080

	
0.605

	
1.441

	
1.324

	
1.255

	

	








Source: authors’ design using SPSS v.27.













 





Table 5. Clusters.
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	EXPIA
	ENTIA
	TIA
	AI
	BD
	CC
	ISR
	IoT





	Hungary
	40.4
	32.7
	7.8
	0.7
	6.4
	25.2
	4.3
	22.3



	Poland
	47.4
	34.9
	7.5
	0.7
	7.9
	24.4
	7.1
	18.6



	Bulgaria
	47.9
	36.2
	7.4
	0.9
	5.7
	10.9
	5.5
	15.0



	Spain
	39.6
	33.4
	21.7
	2.3
	6.5
	26.2
	8.8
	27.5



	Latvia
	60.4
	32.0
	6.3
	1.1
	7.4
	21.3
	3.4
	28.4



	Slovakia
	60.8
	36.6
	14.9
	0.9
	4.6
	25.6
	7.4
	27.4



	Romania
	9.1
	10.7
	5.2
	0.5
	4.3
	15.7
	3.6
	10.5



	Cluster 1 mean
	43.66
	30.93
	10.11
	1.01
	6.11
	21.33
	5.73
	21.39



	Czechia
	63.8
	56.9
	14.4
	1.4
	9.1
	28.9
	6.9
	31.4



	Cyprus
	65.0
	65.8
	13.8
	1.4
	2.7
	34.6
	2.7
	33.3



	Lithuania
	80.6
	53.0
	11.5
	1.2
	8.7
	30.8
	4.6
	28.4



	Malta
	39.3
	41.1
	6.5
	4.5
	28.7
	52.2
	6.4
	28.0



	Netherlands
	52.4
	55.8
	8.9
	6.1
	25.9
	52.6
	6.9
	20.7


