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ABSTRACT

This article provides a small theoretical step in a larger study that aims to investigate 
the impact of digital transformation on the innovative performance of traditional 
manufacturing companies. A great number of this companies have started their 
digital transformation recently continuing to focus on the doing, using and interacting 
(DUI) innovation pattern. What role does enterprise collaborative thinking play in the 
transition to Industry 4.0? The enterprise collaborative thinking is a deliberate process 
that enables employees and departments across an organization to pool their skills, 
knowledge, and perspectives, working together on a shared, company-wide vision. It is 
a mindset and practice that prioritizes the collective success of the entire organization. 
Scientific literature reveals the interrelationship between enterprise innovation 
capabilities, the value of knowledge reflected in its impact on productivity, and the 
transition to Industry 4.0 reshaping the spatial dynamics of innovation by demanding 
not only technological capabilities but also the ability to absorb and recombine diverse 
knowledge, inevitably resulting in emerging of human centricity focused Industry 5.0. 
The conceptual framework for further research includes the enterprise collaborative 
thinking as the dependent variable and factors affecting enterprise collaborative 
thinking - as the independent variable.

Keywords: Enterprise collaborative thinking, Digital transformation, DUI and STI innovation 
patterns, Industry 4.0, Industry 5.0 

INTRODUCTION

The emergence of digital technologies has profoundly transformed the 
operations and processes of companies, Digital technology innovation is a 
new innovation process achieved through information and communication 
technology or with the assistance of information technology, involving 
innovation in digital products, digital processes, or business models. 
At the same time, digital transformation alone is not the key to improving 
the innovation performance of manufacturers. Achieving a high level of 
innovation performance does not depend on any single factor, it depends 
on the synergistic cooperation of several elements covering technological, 
organizational and environmental dimensions. The influence of each 
factor is different and their interaction results in different configurations. 
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In improving innovation performance, manufacturers need to focus on the 
degree of adaptability of digital transformation and their own capabilities 
and resources. Knowledge flows influence technological specialization 
in transition toward Industry 4.0. The value of knowledge is reflected in 
its impact on productivity, the knowledge of each enterprise contains 
two parameters: technology and experience, enterprises have carried out 
technological innovation by learning new knowledge. Productivity measures 
the level of efficiency a particular company presents in producing goods and 
services. Total factor productivity function is the best one that can be used 
to measure and compare performance for a given firm over time. The aim of 
this study is to address the dynamic changes in the knowledge base created 
by the digital transformation process in manufacturing companies during the 
transition to Industry 4.0, which is no longer separable from the concept of 
Industry 5.0 as a value-driven and human-centric paradigm. The literature 
review to gather existing knowledge on the topic is conducted, the research 
questions are formulated: What knowledge factors determine the growth in 
the total factor productivity? What enterprise collaborative thinking factors 
affect the enterprise innovative performance during transition to Industry 
4.0? Conceptual framework for further research is worked out. The paper 
is structured as follows: (1) Literature review on Innovation Capabilities. 
The dimensions of proximity (distal capabilities, stochastic mechanism 
and proximity dimensions) encompass the processes and outcomes of a 
firm’s innovation efforts. (2) Literature review on Digital Transformation 
as a Type of Stohastic Mechanism. Digital transformation changes the 
innovation system and promotes various forms of development activities, 
combining knowledge in original ways. (3) Literature review on Total Factor 
Productivity. Total factor productivity (TFP) is more suitable for performance 
measurement for a given firm over time. The value of knowledge is reflected 
in its impact on productivity, (4) Literature review on Industry 4.0 and 
Enterprise Collaborative Thinking. This is attempt to relate the above to the 
concept of Industry 4.0. The concept proclaims transition to digitalization 
and automation of processes while newly emerging Industry 5.0 emphasizes 
human centricity. Enterprise collaborative thinking is a significant factor 
influencing the path towards Industry 5.0. (5) Conceptual framework includes 
efforts for further research on knowledge factors determining the growth in 
the total factor productivity and on enterprise collaborative thinking factors 
affecting the enterprise innovative performance.

LITERATURE REVIEW

Innovation Capabilities

A significant body of research in the field of innovation management and 
entrepreneurship highlights innovation as a central mechanism through 
which firms create and sustain competitive advantage (Guerrero and Siegel, 
2024; Pineiro-Chousa et al., 2020; Lopez-Cabarcos et al., 2019; Lestan and 
Clausen, 2026). Even today, many studies are rooted in Schumpeter’s (1934) 
assertion that innovation capabilities improve a company’s performance  
(Cevik, 2025; Guerrero and Siegel, 2024; Schumpeter, 1934), and innovation 
was declared to be the primary driver of competitive advantage (Schumpeter, 
1934). Firm-level innovation capabilities reflect the ability to use resources, 
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knowledge and organizational processes to transform inputs into outputs 
(innovations) that improve performance and competitive advantage 
(Pineiro-Chousa et al., 2020). Firm-level capabilities emerge from dynamic 
interactions, coordination, and synergy within teams and management 
(Lopez-Cabarcos et al., 2019). A recent study of Lestena and Clausen 
(2026) explains how to position innovation capabilities in three dimensions 
based on their proximity to a company’s performance. The dimensions 
of proximity capture the processes and outcomes of a firm’s innovation 
efforts (Lestan and Clausen, 2026). The first group of proximity dimensions 
combines distal capabilities (investments in knowledge acquisition), or 
prerequisites for actions that support innovation from distant mechanisms. 
The distal capabilities are critical for building the foundation for innovation, 
their impact on performance is indirectly linked and may depend on how 
effectively they are translated into tangible innovation outputs. The next 
set of proximity dimensions is stochastic mechanism aimed to translate 
distal capabilities into proximal (Wu et al., 2020). This transition process 
is represented by stochastic capabilities that reflect the combined effects 
of distal and proximal mechanisms. Finally, the third group of proximity 
dimensions, called proximal capabilities, is closely related to measurable 
innovation outcomes and directly reflects a company’s ability to create value 
from innovation (Lestan and Clausen, 2026) (see Figure 1).

Figure 1: Proximity dimensions of innovation capabilities (created by author, based 
on Lestan et al., 2026).

Knowledge recombination theory is a basis according to which the process 
of combining different information and knowledge can help individuals 
overcome the limitations inherent in one-dimensional knowledge, practices, 
and mental models, and such boundary-crossing activities could stimulate 
creativity and innovation (Balachandran and Hernandez, 2018) and inter-
organizational communication (Chen et al., 2023). The ability to combine 
different information and knowledge is essential, as the competition created 
by globalization forces companies to increasingly seek innovation, thus 
offering differentiated products and lower costs to achieve their long-term 
business goals (Porter, 1998).
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Digital Transformation as a Type of Stohastic Mechanism

A stochastic mechanism (the digital transformation can be considered as such) 
helps to translate distal capabilities into proximal. Digital transformation 
promotes the process of combining different knowledge in original ways and 
to change the innovation system, as a result, it has a positive impact on the 
enterprise performance (Bresciani et al., 2018; Ferraris et al., 2019; Teng et al., 
2024). According Landini et al. (2020)  the digitalization has created a shift in 
the existing innovation paradigm, providing new opportunities, innovation 
and knowledge learning. This is reflected differently in the two patterns of 
innovation and knowledge learning widely discussed in the scientific literature. 
The shift created by digitalization in the existing innovation paradigm is 
reflected in the Technology and Innovation (STI) pattern. Doing, Using and 
Interacting (DUI) innovation pattern, a “learning by doing” process is more 
applicable to existing innovation paradigm, it plays a vital role in research 
on digitalization and innovative processes in traditional manufacturing 
companies (see Table 1).

Table 1: Comparison of DUI and STI innovation patterns (Jensen et al., 2007; Teng 
et al., 2024). 

Pattern Pattern Conditions and Features

Technology and 
Innovation (STI) pattern

the accumulation of scientific knowledge through R&D 
activities 

focus on the formal process of R&D aimed to produce explicit 
scientific and technological knowledge

enterprises acquire technical knowledge outside the existing 
technology paradigm 

the main partners of STI firms are researchers, universities and 
other research organizations

innovation output (product innovation), benefit from higher 
business connectivity and competences and skills standards 

dramatically changed products leading to new market creation

Doing, Using and 
Interacting (DUI) 
innovation pattern

the learning and innovation mode of enterprises before digital 
transformation

enterprises accumulate experience through learning-by-doing 
and then improve their productivity 

related to a “know how” and “know who” culture accelerates 
the process of innovation

‘non-technological’ innovation is the basis for DUI pattern, 
closely related to marketing and organizational innovation 

after the decision on enterprise digital transformation and the 
construction of the corresponding facilities are completed, the 
informal knowledge exchange mechanism in enterprises will 
change
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The digital and communication technologies transform knowledge into 
storable, calculable, and analyzable formats (Cheng et al., 2023). Therefore, 
knowledge digitization enables efficient cross-domain knowledge flow and 
creative interaction (Alavi et al., 2024). Digital innovation refers to the 
creation of new products, services, and innovation processes enabled by 
the novel integration of digital and physical components (Liu et al., 2024). 
As the knowledge of each enterprise contains two parameters: technology and 
experience, the value of knowledge is reflected in its impact on productivity, 
this is reflected in the technological breakthroughs through innovation and 
learning in the STI mode and in the accumulation of experience through 
innovation and learning in the DUI mode. When an enterprise learns the 
knowledge of different technological paradigms (DUI and STI), the enterprise 
can achieve breakthroughs in the original technology (Teng et al., 2024). 

Total Factor Productivity

As the main engine of innovation, enterprises play a decisive role in shaping 
innovation capacity, having a significant impact on productivity indicators 
(Sjodin et al., 2020; Zhang et al., 2022; Lv and Xie, 2025). Changes in 
enterprise productivity refers to movements in productivity performance 
over time (Yu, 2024). An increase in a firm’s productivity may result from 
combination of different factors (Yu, 2024). Total factor productivity (TFP) 
is more suitable for performance measurement for a given firm over time, 
change of productivity is a total factor productivity (TFP) index (Yu, 2024). 
Teng et al. (2024) innovative approach to application of the TFP function is 
based on incorporating knowledge as a variable, thus allowing for the practical 
application of TFP function to analyze how a company’s productivity changes 
over time when implementing new digital solutions. This approach to TFP 
function includes the following: Ejit variable, added to input metrics, means the 
accumulated experience of enterprises, related to innovation in management 
systems for production, such as supply chain management  systems, business 
re-engineering, and quality management systems. If the firm learns from the 
experience of similar technologies, it transforms it into its own experience, 
which in turn affects Ejit  in the TFP function, it suggests the presence of DUI 
innovation mode (Teng et al., 2024). The firm’s business activities include the 
process of creative problem-solving as a source of organizational innovation 
and the ability to learn and utilize new knowledge and technologies, related 
to DUI practice (Nickerson and Zenger, 2004; Teng et al., 2024). Value of 
Ejit  increases by the value of kjit variable (the newly acquired experience 
of enterprises through doing) over time. The acquisition of up-to date 
machinery and technology in combination with a highly educated human 
capital is likely to lead to a strong impact of the DUI mode on innovation 
output (Nickerson and Zenger, 2004; Teng et al., 2024). ηji2 variable, added 
to output metrics, detremines upper level of productivity is affected the 
STI mode, it emphasizes the importance of scientific human capital and 
innovation infrastructure. The main partners of STI firms are researchers, 
universities and other research organizations; innovation output (product 
innovation) benefit from higher business connectivity and competences and 



666� Vaivode

skills standards (Teng et al., 2024). The learning and innovation of each 
enterprise differs after digital transformation investments. Combining the 
two modes (DUI and STI) of learning and innovation often leads to better 
results (Apanasovich et al., 2016; Hall, 2004; Teng et al., 2024; Sjodin et al., 
2020; Madsen and Berg, 2021; Lv and Xie, 2025).

Industry 4.0 and Enterprise Collaborative Thinking 

Industry 4.0 has transformed the dynamics of innovation by providing the 
ability to absorb and recombine diverse knowledge, as the digitalization 
process encompasses both technological aspects and cultural and 
organizational issues. Knowledge flows influence technological specialization 
in transition toward Industry 4.0. Firm-level capabilities emerge from dynamic 
interactions, coordination, and synergy within teams and management 
(Lopez-Cabarcos et al., 2019). Smart manufacturing is being shaped 
nowadays by two different paradigms: Industry 4.0 proclaims transition 
to digitalization and automation of processes while emerging Industry 5.0 
emphasizes human centricity. Since some industries have just recently started 
their digital transformation towards Industry 4.0, some are planning to move 
directly towards Industry 5.0, and some are forcing the transformation from 
Industry 4.0 to Industry 5.0, one may expect a certain period of the two 
concepts`co-existence (Oztemel, Gursev, 2016). The Industry 4.0 paradigm 
assumes that robots will be more dominant in manufacturing and most of 
the communication will take part between machines rather than between 
humans. Industry 5.0 is annouced by  European Commission as a response 
to the emerging societal challenges appeared as a vision of industry that aims 
beyond efficiency and productivity towards respect to human values and 
contributing to vital society needs. It puts the workers’ wellbeing together with 
other human values at the center of the manufacturing/production processes 
(Longo et al., 2020; Breque et al., 2021), it is considered as a transition to a 
human-centric (Nahavandi, 2019), sustainable (Saw et al., 2021), and resilient 
(Sindhwani et al., 2022) industry. Javaid and Haleem (2022) also believe that 
modern industry needs the transition from the Industry 4.0 towards Industry 
5.0 as human-centred and value-driven concept. The new human role in the 
technological transition needs to be predominantly focused on sustainable 
development in economic, environmental, and societal dimensions (Moraru, 
Popa, 2021; Sarkar et al., 2024). Most of the analyzed papers underline the 
importance of human aspects as the foundation of  Industry 5.0 (Golovianko 
et al., 2023; Jaime et al., 2026), behavioral assumptions are highlighted as 
well. Here comes the place for the enterprise collaborative thinking concept. 
Definition of the concept characterizes the intentional process of breaking 
down fragmentation to enable employees, teams, and departments across 
an organization to pool their diverse skills, knowledge, and perspectives, 
working together on a shared, company-wide vision. It is a mindset and 
practice that prioritizes the collective success of the entire organization over 
the individual goals of a single department. Table 2 presents factors affecting 
enterprise collaborative thinking in the context of transmission to Industry 
4.0 followed by looking the path towards Industry 5.0.
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Table 2: Factors affecting enterprise collaborative thinking (created by author, based 
on scientific literature).

Factor Factor’s Definition (Explanation)

Collective 
intelligence

A task-oriented intelligent activity of a group of people or systems 
with two aspects: the cooperation aspect and the competition 
aspect. The tasks are referred to making common decisions taking 
into account the aspects of integration, diversity and cardinality 
(Sabou et al., 2018; Golovianko et al., 2023)

Thinking style is 
associated with a 
mental attitude

Success factor in digitalization process is recognized as digital 
thinking, which results not only from experience but also from 
the personality and mindset of the individual. In the context of 
a constantly changing environment, growth- oriented thinking 
takes on particular importance, it is a crucial attribute of digital 
thinking, manifesting as a set of attitudes and behaviours that 
enable individuals and organizations to see how data and  
algorithms create new opportunities and pave the way to success in 
a business landscape  (Dweck, 2007; Bredendiek and Knorr, 2020; 
Leonardi and Neeley, 2022)

Systems thinking Has been used to explain and understand the interdependence of 
sustainability drivers at both global and national levels. Systems 
thinking has become a novel approach to understanding the 
structure and behaviour of complex systems (Abonguie et al., 
2025)

Collaborative 
decision-making

By implementing a collaborative decision-making framework, 
organizations can benefit from a diverse range of perspectives and 
expertise, resulting in more comprehensive and robust decision-
making processes (Iliuta et al., 2023; Dumitrache et al., 2023)

Collaborative 
innovation 
behaviour

The evolutionary process of corporate innovation ecosystem 
participants and the factors that influence voluntary, 
interdependent, and proactive actions taken by individuals and 
organizations to jointly create, share, and apply knowledge, 
resources, and skills for the purpose of developing new products, 
services, or processes (Yang et al., 2023; Smolka and Boeschen, 
2023; Zen et al., 2023)

Establishing 
an innovation 
ecosystem

The parties involved promote cooperation with other structures of 
the system, and as a result of cooperation, resources for innovation 
and further development of companies increase (Yang et al., 2023; 
Smolka and Boeschen, 2023; Zen et al., 2023) 

Digital awareness The state of a subject (person or enterprise) who understands 
the opportunities and threats posed by ongoing digitalization, 
possessing digital knowledge, they can interact effectively using 
technology and skills closely related to digital competencies (Vidal 
Ferre et al.,, 2022; Krawczyk-Sokołowska and Caputa, 2023)

Co-Intelligence and 
digital innovation

Collaboration between humans and AI, which has a significant 
impact on organizational learning, workflows and development, 
thus serving as a key source of innovation capabilities. AI is used 
to compensate for human cognitive limitations, thereby achieving 
efficient and accurate information processing (Liu et al., 2023; Lin, 
2024)
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Thus, the literature review has uncovered the role of enterprise collaborative 
thinking in the transition to Industry 4.0. Since the enterprise collaborative 
thinking is a set of factors, the interaction of these factors needs to be studied 
further.

CONCEPTUAL FRAMEWORK FOR FURTHER RESEARCH

The further research could start with expert focus group discussion on fac-
tors affecting  the enterprise collaborative thinking, identified in a literature 
review. As the next step could be the creating and conducting a survey of 
companies on the presence of factors identified in the expert discussion. The 
Likert scale could be used as a measurement tool. The results obtained in 
the Likert scale analysis could be applied as a basis for the further fuzzy-set 
qualitative comparative analysis (fsQCA). The analysis permits to better un-
derstand different factors relationships in terms of necessity and sufficiency 
because necessity presents if outcome occurs but does not produce the out-
come; the sufficiency as a causal complexity determines the degree to which 
a condition is present relative to other conditions and the outcome. The next 
step is the subsett analysis procedure which provides scores of consistency 
and coverage. Consistency refers to the percentage of causal configurations 
of similar composition which result in the same outcome value,  coverage 
refers to the number of cases for which a configuration is valid. 

Figure 2: Conceptual framework for future research (created by author, based on 
approach of  Shalahuddin et al., 2024).

The application of the research method could be multi-layered, it 
could be applied further to provide the next research on how enterprise 
collaborative thinking factors are interact with  knowledge factors of DUI 
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and STI innovation modes, their place in TFP function and impact to Ejit as 
the accumulated experience of enterprises, to the value of kjit variable (the 
newly acquired experience of enterprises through doing) over time and to the 
ηji2 variable that detremines upper level of productivity in the STI innovation 
mode.

CONCLUSION

As mentioned in the beginning, this article provides a small theoretical step 
in a larger study aimed to investigate the impact of digital transformation on 
the innovative performance of traditional manufacturing companies. A great 
number of this companies have started their digital transformation recently 
continuing to focus on the doing, using and interacting (DUI) innovation 
pattern, therefore the knowledge factors that determine the growth in the 
total factor productivity are to be studied further. This small study highlights 
the role of an enterprise  collaborative thinking in the aforementioned process. 
The conceptual framework for further research is intended for investigation 
of factors affecting enterprise collaborative thinking during the transition 
to Industry 4.0. The question of the interaction of enterprise collaborative 
thinking and knowledge factors affecting innovative performance of 
enterprises during transition to Industry 4.0 related to DUI and STI innovation 
modes, could remain open for further research.
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