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The digital transformation as a driver for innovation

• Τhe rapid technological advancements of Industry 4.0 (I4.0) have urged 
organizations and businesses to adopt new digital-based systems and integrate 
knowledge-intensive elements to achieve their desired innovation performance 
(Brynjolfsson and McAfee, 2014). 

• I4.0 is intertwined with the emergence of constellations of innovations that 
rapidly and radically transform the socioeconomic environment and relate with 
different waves of technical change (Friedman and Louçã, 2001). 

• I4.0 technologies are strongly related with innovation (Müller et al., 2018; Mubarak and 

Petraite, 2020) as they indicate advanced knowledge, which is a core resource to 
advance innovation across business sectors, even in low-tech enterprises.



But innovation activity is a complex process… 

• It relies on prior knowledge and intensity of efforts or commitment in 
problem solving and of interaction with external sources of 
knowledge: absorptive capacity (Avila, 2021; Proeger, 2020; Larraneta et al. 2017;

Jiménez-Barrionuevo et al. 2011; Carayannis et al., 2006; Laursen and Salter 2006; Makri et al. 2006; 
Caloghirou et al. 2004; Kastelli et al. 2004; Zahra and George 2002; Eisenhardt and Martin 2000; Lane et al. 
2001; Cockburn and Henderson 1998; Lane and Lubatkin 1998; Mowery et al. 1996).

•Adopting digital technologies does not necessarily translate to 
innovation (Usai et al., 2021). 

•Absorptive capacity is a prerequisite for I4.0 technologies and relevant 
digital skills to facilitate and advance a firm’s innovation performance 
(Scuotto et al., 2022; 2017; Ciarli et al., 2021). 



Scope – Research objective

•The aim of this paper is to study the impact of digital capacity of 
Greek enterprises on their innovation performance. 

•We put forward the main proposition that the contribution of digital 
capacity to innovation performance is mediated by the existence of a 
significant dynamic factor, namely absorptive capacity.

•The contribution of this study is twofold:
1. To identify the role of absorptive capacity in enhancing the digital

transformation of firms. 
2. To contribute to the better understanding of the underlying mechanisms

through which firms can leverage their digital capacity to accelerate 
innovation. 



Important definitions

•Digital capacity: 
• adoption, integration, use and implementation of digital technologies, 
• encompasses efforts to integrate digital technologies, transform firm’s 

functions and develop human resources to adopt and take advantage of digital 
technologies.

•Absorptive capacity:
• a set of organisational routines and processes by which firms acquire, 

assimilate, transform, and exploit knowledge to produce a dynamic 
organisational capability,

• encompasses the role of prior knowledge and intensity of efforts or 
commitment in problem solving and of interaction with external sources of 
knowledge in improving the effectiveness of learning and innovative processes.
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Research hypotheses

• Hypothesis 1: Digital capacity increases the innovation performance of firms.

• Hypothesis 2: Absorptive capacity positively contributes to the innovation 
performance of firms.

• Hypothesis 3: Digital capacity enhances the firm’s absorptive capacity as it 
expands its knowledge base.

• Hypothesis 4: Absorptive capacity enhances the contribution of digital capacity to 
the firms’ innovation performance (positive mediating effect).  



The case of Greece

• The productive and technological transformation in Greece were slow over the years and 
coupled with institutional and governance inefficiencies which reflected on low and 
decreasing productivity and competitiveness (Caloghirou, 2008; Giannitsis and Kastelli, 2014; 
Kastelli and Zografakis, 2017).

• Specific structural characteristics of the Greek business sector are major constraints of 
the innovation performance (ibid; European Innovation Scoreboard (EIS), 2021). 
• Small firm size, 
• relatively high contribution of labor compensation in gross production value, 
• low R&D investment and
• weak interactions among the actors of the business ecosystem. 

• Although presenting some improvement, Greece is lagging in relevant digitization 
indicators (e.g., EIS, 2021; DESI, 2021; e-Governance index, 2021; ECIPE, 2018).

• Greek SMEs lag below the European average in assimilating new technologies and 
engaging in e-business activities (European Commission, 2016; EIS, 2021).

• Greece ranks below the EU average of digital adopters’ labor productivity,

• but the difference between the average labor productivity of digital adopters and non-
adopters is one of the highest in the EU (Bartzokas, 2021; Eurostat).



Data Collection

• Field Research: NTUA Laboratory of Industrial and Energy Economics (LIEE NTUA) 
in collaboration with the Institute for Economic and Industrial Research 
(FEIR/IOBE)

• Contracting Authority: Federation of Greek Enterprises (SEV)

• Project name: “Mapping business activity, technological developments and 
regulatory changes. Mapping performance and impact. Preparation of forecasting 
reports on changes in industrial sectors”

• Sample: 1000 Greek firms of the manufacturing sector, selection of largest firms 
at regional level.

• Sampling Period: 2019
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Some salient facts for Greek firms from the descriptive 
analysis of the sample

• Innovation rates:
• 47.9% have developed new/significantly improved products and services during the last two years. 
• 30.6% have developed new/significantly improved production processes during the last two years.
• 26.4% have developed new/significantly improved organizational/marketing/distribution methods during the last two years.

• Formal R&D activities: 27,1% have an in-house R&D department.

• Cooperation for innovation: 33.4% have cooperated with other businesses/organizations towards innovation 
activities during the last two years)

• Low adoption of management-based technologies (MbT):
• 16.7% for Big data/data analytics
• 27.4% for next generation networks and use of appropriate solutions and architectures (cloud, hardware & software as a service)
• 12.7% for integration of new business models for digital environments, such as e-commerce, participative platforms, etc.
• 31.2% for effective management of privacy and cybersecurity risks

• Low adoption of production-based technologies (PbT):
• 24.7% for new production planning systems
• 23% for modern systems for communication with partners/suppliers/customers (e.g., e-invoicing, digital procurement, etc.)12.7% for 

integration of new business models for digital environments, such as e-commerce, participative platforms, etc.
• 32.2% for advanced solutions for production and quality control 

• Low level of digital awareness and readiness: 
• Only 12.3% already uses and benefits from I4.0 technologies and systems, 43.8% is either not updated or does 

not intend to participate in I4.0. 

• However, training/reskilling (64%), HR development methods (46.2%) and rewarding of innovative ideas 
(55.7%) are more common.



Methodological overview

A. Preliminary Data Treatment and Correlation Tests

B. Structural Equation Model application
• A combination of factor analysis and multiple regressions (Hox & Bechger,

1999).
• It includes the latent variables measurement model and the structural links

between them (Hair 2009).
• The partial least squares regression analysis (PLS-SEM) is selected as the

methodology (Hair et al. 2011).

C. Digital capacity is measured by two distinct sub-components: production-
based and management-based integration of I4.0 technologies →

formulated as a 2nd order construct for our model.
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12
SEM Results (schematic representation of the measurement and structural model)



Results: Testing the research hypotheses H1-H4 13

Innovation Performance Absorptive Capacity PbT MbT

Direct Indirect Direct Indirect Direct Indirect Direct Indirect

Firm Size (Control Variable) -0.040 0.199*** 0.322*** 0.106*** 0.211*** - 0.071* 0.121***

Tech intensity (Control Variable) -0.029 0.080** 0.139*** 0.038* 0.028 0.041*

Absorptive Capacity 0.376***(H2) - - -

Digital Capacity 0.172***(H1) 0.181***(H4) 0.481***(H3) -

Notes: ***Significant at the 1% level. **Significant at the 5% level. The positive direction is from row item to column

item. Constructs which are not linked do not correspond to an effect type and are omitted.

Constructs R2 adj.
f2 effect size

Inner VIF1

On AC On IP

AC 0.440*** - 0.102*** <1.060

DC - 0.391*** 0.026*aa <1.535

PbT 0.049*** - - <1.004

IP 0.222*** - - <1.791

MbT 0.353*** - - <1.054

Size (control) - 0.176*** 0.002 -

Tech. intensity (control) - 0.034*aa 0.001 -



Framework with estimation results
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Discussion (1)

• The main empirical results indicate that:
• Digital capacity presents both direct and indirect positive effects on innovation performance (H1).

• The indirect effect mediated by absorptive capacity is stronger than the direct effect (H4).

• Digital capacity has a strong and positive direct effect on absorptive capacity (H3).

• Absorptive capacity presents a strong and significant contribution to innovation performance (H2).

• Mere adoption and use of digital technologies is not a sufficient booster of innovation.

• Combined effect of adoption and use of PbT and MbT on IP. Digitalisation strategy should
integrate physical technologies related to production and innovation process per se and
intangible technologies supporting business functions and innovation process indirectly.

• Complementarity of digital and absorptive capacity as enablers of innovation.
➢Both present positive direct contribution to innovation performance.

➢Absorptive capacity mediates the positive effect of digital capacity to innovation performance.

➢Digital capacity improves absorptive capacity.
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Discussion (2)

• Digital Capacity is not an unquestionable asset for innovation performance.

• Given the low performance of Greek firms in different innovation and digitization
indicators it is not straightforward that an overall industrial strategy boosting
digitalization will result to the necessary improvement of innovation performance in
the Greek business ecosystem.

• Greek firms need to invest in developing their absorptive capacity to amplify
advantages from the adoption and use of digital technologies.

• As digital technologies cut across the knowledge base of different industrial sectors,
the digital awareness of Greek firms is mediated by their capability to integrate and
assimilate new knowledge and transform it into different types of innovation
outcomes.
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Limitations & Future Research

• The effects of digital capacity on innovation performance might differ according to 
the type of innovation (product/services, process, marketing, organizational, etc.).
• Mere adoption of I4.0 technologies provides direct effects on process innovation by default.

• But different types of innovation may relate differently to digital capacity. 

• The construct of digital capacity does not encompass all of its dimensions.

• Measurement of innovation performance does not encompass all types of 
innovation.
• Missing dimension (from the survey in general): Business model innovation which is linked with 

the digital transformation.

• Future research: 
• Integrate implications regarding the effects of digital capacity on different types of innovation. 

• Explore the relationship among digital capacity, innovation performance and competitive 
advantage.



This is paper is forthcoming (hopefully)

• Submitted on Springer’s Journal of the Knowledge Economy (pending reviews)



Thank you for your attention.
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Presentation of Constructed Latent Variables

Notes: 1: R=Reflective, F=Formative; 2: D=Dependent, I=Independent, I/D=both depending on specific path; C=Control; 3: Range and type of indicator, eg. 6-point ordinal scale or 5-point Likert

type scale; 4: Percentage of positive answers for Yes-No items

Latent Var. Type Role Order Description/Items used
Type

1

Mea

n
%2 N

Production-based I4.0 

Technologies3 (PbT)
Reflective

Independ

ent
1st

1. New production planning systems

5-

Liker

t

2.35
24.7

%
961

1. Advanced solutions for production and quality control 

5-

Liker

t

2.66
32.2

%
935

1. Advanced systems for communication with 

partners/suppliers/customers (e.g., e-invoicing, digital 

procurement, etc.)

5-

Liker

t

2.39 23% 960

1. Advanced systems for equipment maintenance and accident 

prevention (e.g., sensors, predictive maintenance, devices worn 

for safety, etc.)

5-

Liker

t

2.67
31.6

%
958

Management-based I4.0 

technologies

(MbT)

Reflective
Independ

ent
1st

Access to Big Data and use of data analytics 

5-

Liker

t

2.01
16.7

%
941

Access to next generation networks and use of appropriate solutions 

and architectures (cloud, hardware & software as a service)

5-

Liker

t

2.49
27.4

%
960

Integration of new business models for digital environments, such as 

e-commerce, participative platforms, etc.

5-

Liker

t

1.87
12.7

%
954

Effective management of privacy and cybersecurity risks

5-

Liker

t

2.65
31.2

%
951


