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Abstract. The managers/owners of the agri-food producing companies located in remote rural areas, with limited
knowledge and resources for new technologies cannot benefit from the increased performance and competitiveness
that the Agriculture 4.0. offers. Meanwhile, those managers/owners often keep very close relationship with their em-
ployees and need social incentives to digitally transform. The interrelationship between social innovation and digitali-
sation is still under researched. The aim of this paper is to assess if technology-based social innovation could enhance
the transition towards Agriculture 4.0. of agri-food manufacturing SMEs in Central and Eastern Europe. The methods
include factor analysis with data from a recent survey on digitalisation collected among 169 owners/from six countries
(Bulgaria, Serbia, Poland, Hungary, Slovakia and the Czech Republic), comprising three sectors — Food Manufacturing
Sector (transforming foodstuff into ingredients), Product Manufacturing (preservation of products or their transfor-
mation, agri-food companies are also included) and other industries (without food). Then cluster analysis is performed
to analyse the sociodemographic characteristics of those sectors. The results demonstrate that agri-food companies in
Eastern Europe are more sensitive to social innovation as a factor for their digital transformation.

Keywords: Agri-food 4.0., digitalisation, critical success factors.

JEL Classification: C00, E20, E20.

Introduction

Industry 4.0., characterized by data exchange, digitalisa-
tion, and computerisation of an enterprise. Is also called
the new industrial revolution as it is considered as the
next step in the technological and social development of
the manufacturing companies. Some authors relate it to
increased flexibility in manufacturing, mass customisa-
tion, increased speed, better quality, and improved pro-
ductivity (Rattimann & Stockli, 2016).

The agri-food producing sector, as a strategic sector
of the European productive model, cannot be left out of
this opportunity (Zambon et al,, 2019). Digital technol-
ogies that support processes in the primary sector are
named Agriculture 4.0. (Ali, 2012). Despite recent in the
academic literature (quoted since 2013 (Rose & Chilvers,
2018), Agriculture 4.0. proved to offer excellent potential

for improved efficiency, intelligence, performance, and
sustainability accompanied by internet-based networks
and services (Devaux et al., 2022). However, critics sug-
gest that the consideration of social implications is being
side-lined (Rose & Chilvers, 2018). In fact, the changes
brought about by networking and the use of data have a
far greater impact than for industrial production alone.
They affect our economies, sustainability of production,
but also the labour force. Then, new questions arise relat-
ed to data privacy, protection and security. Furthermore,
certain jobs may be made redundant through automation
and the need for new qualifications might arise.

Dues, the digital transformation should not only be
considered as technological innovation, but also a so-
cial one. Although there is no single definition, social
innovation can be described as ‘the development and
implementation of new ideas (products, services and
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models) to meet social needs and create new social
relationships or collaborations’ (European Commis-
sion, 2023). It means transforming production with
new technologies, digitalising while helping to tackle
pressing societal challenges, create jobs and promote
social inclusion.

Agriculture and food related industries and services
provide over 44 million jobs in the EU, including regular
work for 20 million people within the agricultural sector
itself. (European Commission, 2023). The sector in Eu-
rope is mainly dominated by SMEs (with not more than
250 employees) where the owners/managers are often the
central decision-makers or primal actors influencing the
firm’s decision-making processes. SMEs in the agri-food
manufacturing sector in Europe are often located in rural
areas, rely on limited resources and capabilities in the
area of information-systems, therefore the owner/man-
agers of SMEs are very subjective the moment of new
technology adoption (Annosi et al., 2019).

In fact, digitalisation of the companies could be an
inclination for social innovation (Nagy & Somosi, 2022).
However, it will be of particular interest to study the op-
posite- if beneficial environment for social innovation
also triggers the digital transformation.

The aim of the research is to bring new insights on
the link between the digital transition of agri-food SMEs
in Central and Eastern Europe and social innovation.
The following research questions have been explored:

- RQ1 Is good social innovation environment a mo-
tivational factor for the digital transformation of
small and medium sized manufacturing companies
in Central and Eastern Europe?

- RQ2 Are agri-food producing companies in the
CEE region even more influenced by social innova-
tion for their digital transition?

The unique contribution of this work is filling the
gaps in the management literature for Agriculture 4.0.
transition and the interrelation between social innova-
tion and digitalisation for SME companies in CEE. The
research is unique trying to prove that not only digitali-
sation is a motivational factor for social innovation, but
the opposite is also true.

The structure of this paper is the following: Section 1
provides theoretical information on digitalisation and
the role of social innovation for the transition of small
and medium sized agri-food producing companies in
CEE, Section 2 analyses own-developed survey, Section 3
presents results and the last section conclusions and op-
portunities for further research.

1. Background information

1.1. Digital Transition of the benefits for the
Agri-food sector

The agri-food industry has been evolving progressively
according to the technological development in the man-
ufacturing sector characterizing Industry 4.0. (Miranda
et al,, 2019).
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The digitalisation of agri-food companies as imple-
mented in Europe takes advantage of the recent tech-
nological leap in Artificial Intelligence (AI), Cloud
Computing (CC), and the Internet of Things (IoT) con-
tributing to achieving reliable and sustainable processes
(Dalmarco et al., 2019; Vitliemov, 2019).

From a historical perspective, the food industry has
traditionally focused on food integrity and safety (un-
til 1950), enhancing flavours (1950-1980) and health
(1980-2000), whereas the new evolutionary phase re-
quires economically, socially, and environmentally sus-
tainable production solutions for the long term (Ro-
manello & Veglio, 2022).

Digital agri-food companies’ activities contribute
to better management performances and higher results
in the industrial enterprise while realizing sustainable
industrial value creation (Sommer, 2015; Wang et al.,
2016). The adoption of ICT offers competitive advan-
tages by improving the productive yields of the sector
while promoting the development of more sustainable,
efficient, and safe production models (Maffezzoli et al.,
2022).

The developments in technology and agricultural
methods have triggered the emergence of smart manu-
facturing in the agri-food sector (SF), leading to better
control of agricultural practices. From one side, smart
farming is a farming management concept that uses in-
formation and modern technologies to optimise complex
agriculture systems. Thus, by using SF, farmers can bet-
ter control and monitor agricultural and food-producing
practices, resulting in increased efficiency and productiv-
ity (Yadav et al., 2022). On the other hand, the goal for
agri-food factories is to become smarter, more efficient,
safer, and more environmentally sustainable, due to the
combination and integration of production technologies
and devices, information and communication systems,
data, and services in the network (Varbanova et al.,
2022).

Dues, technological interventions, real-time monitor-
ing, and cost containment are key advantages of agricul-
ture digitalisation towards economic, social and environ-
mental improvement and territory management (Bock,
2012; Fountas et al., 2015; Molina-Maturano et al., 2020;
Streete et al., 2022).

However, SMEs (with under 250 employees, lack of
resources and financial constraints) tend to have an in-
tuitive approach when it comes to management, which
means that, contrary to bigger companies, they frequently
lack sufficient competences and expertise needed to im-
plement the Industry 4 (or respectively Agriculture 4.0.)
(Walaszczyk, 2023).

1.2. SME:s in Central and Eastern Europe and their
challenges and opportunities for digitalisation

Smart Agriculture and 4.0 Technologies have brought sev-
eral benefits to agricultural small and medium enterprises
(SMEs). Nonetheless, the penetration of such digital tech-
nologies is still limited and slow (Anossi et al., 2019).
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According to Sommer (2015), only big enterprises
will be able to grasp the benefits from Industry 4.0. Many
of the SME:s find it difficult to know in which technolo-
gies to invest and how to secure financing for their digital
transformation (Belhadi et al., 2021). Smaller enterprises
suffer because of the high investments needed, and the
increased flexibility introduced by Industry 4.0. that al-
lows bigger enterprises to steal market shares for custom-
ised products, a market segment now usually dominated
by SMEs (Riittimann & Stockli, 2016).

Furthermore, agri-food producing companies are of-
ten located in rural areas with slow internet access and
insufficient power supply. Lack of awareness, insufficient
personnel to handle ICT facilities and the absence of lo-
cal content of language on internet are further making
digital transformation. Peillon and Dubrue (2019) even
propose a classification of possible barriers to digitalisa-
tion for SMEs that include: technical/technological bar-
riers, organizational barriers, human resources-oriented
barriers - linked to lack of qualified employees and lack
of digital competences and customer-related barriers.

A recent study in Western Europe from the Euro-
pean Institute of Innovation and Technology (2021)
suggests that agri-food SMEs’ readiness to adopt digital
tools depends on the understanding of the management
board. Usually, the management board of higher income
countries has a greater understanding of digitalisation,
and what it can offer to their business. However, for the
agri-food SMEs in Central and Eastern Europe, which
are characterized with limited resources with less initial
digital knowledge, smaller scale and profits, other social
factors could have a greater impact on the decision for
digital transformation.

And since digitalisation has been widely endorsed
in Western Europe (bringing positive economic effects
on the labour market and on the inclusion of disadvan-
taged groups) (Atrostic & Nguyen, 2005), researchers
observe forced digitalisation efforts in SMEs in Central
and Eastern Europe (CEE), while their applicability and
effectiveness are uncertain (Hoyk et al., 2022). The ques-
tion on what motivates agri-food manufacturing SMEs
especially in Central and Eastern to go digital still needs
to be examined.

1.3. Social Innovation as a motivation for
agri-food SMEs digitalisation

Agriculture is facing challenges that demand adaptation
of the sector to the new Industry 4.0. business environ-
ment especially in Europe (Boneva, 2018). Supporting
invention to stimulate innovation is important but iden-
tifying the factors that can have an impact at the soci-
etal level is crucial to stimulating this transition of the
system.

The fast digital transformation has its serious socio-
economic impact on the small and medium sized in-
dustrial organisations. Social challenges are mainly the
immense risk of cybercrime due to increased connec-
tivity; job losses (Stoycheva & Antonova, 2018) due to
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the automation of large segments of operations in many
industries are only a few of them to name. Although new
opportunities may appear for high-skill categories, the
volume of these jobs decreases. SME’s managers inten-
tions to use digital models in the agri-food sector, opera-
tions and processes mainly rely on technologies’ perfor-
mance expectancy, technologies’ complexity and social
influence exerted on them (Petter, 2022).

Previous research has identified the following rel-
evant factors for the digital transformation of small and
medium sized agri-food manufacturing companies: the
managerial support of the adoption of technologies, the
presence of leadership, strategic management, organisa-
tional culture; resources (Varbanova et al., 2022). Other
authors focus on the size of the firm (Grau & Reig, 2021).

Meanwhile, digital transformation of the economy
and society has a significant positive effect on the ca-
pacity for social innovation (Nagy & Somosi, 2022). For
the agri-food sector, social innovation and digitalisation
are often developing side by side as digitally supported
social-innovation (Sept, 2020).

According to the European Commission (2023), so-
cial innovation entails the generation of a new product,
process, service, or model, with a quantifiable impact and
one that is more sustainable or fair than the existing one
or the generation of the same that solves a problem of
public interest and where the value generated is distrib-
uted in society and empowers it.

Examples social innovations in the EU agri-food
manufacturing companies include smart and sustain-
able packaging solutions, ensuring activities and in-
forming consumers. Regarding farming activities so-
cial innovation might represent alternative methods for
nutrinient and pest management that are less harmul
to the soils, but also to the agricultural employees per-
forming them etc.

In this regard, improved productivity following the
digital transformation is likely to provide social benefits
(e.g., greater food/income security), and environmental
benefits, as less land is put into production. Furthermore,
robotic technology could provide benefits to farming
communities in compensation for lost labor, which is
becoming a serious problem in the developing world as
the population migrates to urban centres). However, the
opposite might also be true - technology-based social
innovation could enhance social sustainability by sup-
porting the profitability of agri-food businesses, and by
providing different high-tech jobs leading to faster digi-
talisation.

An exploratory literature review by Klerkx et al.
(2019) shows that five thematic clusters of extant social
science literature that impact digitalisation in agriculture
1) Adoption, uses and adaptation of digital technologies
on farm; 2) Effects of digitalisation on farmer identity,
farmer skills, and farm work; 3) Power, ownership, priva-
cy and ethics in digitalizing agricultural production sys-
tems and value chains; 4) Digitalization and agricultural
knowledge and innovation systems; and 5) Economics
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and management of digitalised agricultural production
systems and value chains.

In line with the above-mentioned study, the rela-
tionship between digitisation and social innovation
has been reviewed in detail, in the light of the opin-
ions of SME owners/managers in six countries- Poland,
Hungary, Slovakia and the Czech Republic, Serbia and
Bulgaria. The role of the beneficial environment for so-
cial innovation as a motivational factor for the digital
transition of small and medium-sized organizations in
Central and Eastern Europe has been explored. The
specifics of the digital transformation of the agri-food
production companies in comparison to other indus-
tries has also been considered.

Hypothesis 1. Agri-food producing companies in the
Europe have a degree of digitalisation below the average
level observed in the European businesses.

Hypothesis 2. The size of the agri-food producing
companies in the Europe and social innovation incen-
tives constitute a conditioning factor in the adoption of
modern technologies.

Hypothesis 3. Suitable environment for social innova-
tion leads to increased level of digitalisation.

2. Exposition
2.1. Data

The data for the research was gathered under the project
“Possibilities and barriers for Industry 4.0. implementa-
tion in SMEs in V4 countries and Serbia’, funded by the
Visegrad Fund. Research teams from six participating
universities (each from Hungary, Slovakia, the Czech
Republic, Poland, Serbia, and Bulgaria) have designed a
self-administered and distributed (online) questionnaire
to collect data from enterprises on the level of their digi-
tal transition. The survey was conducted between June
and August 2021 and targeted middle and top manage-
ment executives in organisations in Central and Eastern
Europe and gathered 635 valid responses. Anonym-
ity was ensured, no personal information was required.
Most of the data is categorical, with 1 as the lowest point
and 5 as the highest, and Likert scales ranging from “to-
tally disagree” to “totally agree”

From the 635 valid responses gathered, 169 are se-
lected comprising only small and medium sized enter-
prises in three industry sectors - Food Manufacturing
Sector (transforming foodstuft into ingredients), Product
Manufacturing (preservation of products or their trans-
formation, here agri-food companies are also included)
and other industries (without food). Of them 26.6% are
micro companies, 27.4% are small companies and 46%
are medium-sized companies. The majority (41.9%) have
annual revenue below 2 million euros. Most of the enter-
prises are based in the Czech Republic; 20.2% in Poland,
the same percentage for Bulgaria; 14.5% are in Serbia;
12.2% in Slovakia, and 11.3% in Hungary. From the
studied cases, 54.8% (68 companies) are in their mature
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stage. From the interviewees, company owners or high-
level managers 70% are males and 30% are females.

In seems that the more East we go, the less compa-
nies have an initial level of digitalisation (Czech Republic
25%; 27% in Poland, 13% Bulgaria, 14% Serbia; 17.2%
in Slovakia, and 23% in Hungary) or plan to implement
Industry 4.0. practices (44% Poland, 30% Slovakia, 27%
Hungary, 23% Czech Republic, 19% Bulgaria, however
Serbia shows good results here with 44%).

Also 48% SME:s also express difficulties to digitalise
and the situation is even worse in the Product Manufac-
turing where those percentages reach 62.

2.2. Instrument

In the previous work of Varbanova et al. (2023) “Inter-
relation between Industry 4.0. and social innovation”
factor analysis has been performed using the five sug-
gested components of “social innovation” by Klerkx et al.
(2019), which contribute to beneficial business environ-
ment for digital transformation of companies.

Based on those results, in the current paper the au-
thors perform hierarchical cluster analysis using the five
factors to assess the interrelationship between social
innovation and digitalisation for SMEs in CEE. Then,
ANOVA test is applied with the three studied sectors
to confirm if they score significantly different for all the
components of social innovation. As a next step, the au-
thors describe the different sectors on the basis of socio-
demographic characteristics.

2.3. Research hypotheses

This research is based on three central hypotheses in re-
lation the process of digital transition of the agri-food
industrial organisations in Central and Eastern Europe:

Hypothesis 1. Agri-food producing companies in the
Europe have a degree of digitalisation below the average
level observed in the European businesses.

Hypothesis 2. The size of the agri-food company and
the social innovation incentives constitute a conditioning
factor in the adoption of modern technologies.

Hypothesis 3. The wealthier the country is the more
social innovation matters for the digital transition of the
companies.

2.4. Data Analysis methods

The quantitative analysis was conducted using the statis-
tical programme SPSS version 27. First, exploratory fac-
tor analysis was performed independently in previous
work to discover the basic structure social innovation
(Varbanova, 2022; Varbanova et al., 2023). The reliability
of the resulting factors was tested by Cronbach’s measure
of internal reliability consistency (see Figure 1).

Five factors have been extracted and named: 1) Adop-
tion of digital technologies; 2) Effects of digitalisation on
company’s identity; 3) Ethics in digitising production sys-
tems and value chains; 4) Digitalisation, knowledge and
innovation systems and 5) Economics and management;
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Next, in the current paper hierarchical cluster analy-
sis using the five factors that are expected to influence
social innovation was performed in order assess the in-
terrelationship between social innovation and digitalisa-
tion with focus on the agri-food companies.

Adoption, uses Adoption of
and adaptation digital
of digital Rt . technologies
technologies

Effects of
digitalization on
company's
identity

Effects of
digitalization on
company’s
identity,
employees
skills, and work

Ethics in
digitising
production
systems and
value chains

Factor
Social oo, Analysis
e ownership, e O R
Klerkx, 2019) (i 2] e
ethics in
digitising
production
systems and
value chains

Digitalization
and innovation
systems

Economics and
management of
digitalized
productio

Digitalization [N

and knowledge

and innovation
systems

Economics and [
management of
digitalized
production
systems and
value chains

ctss
Industry 4.0. in
SMEs.

Figure 1. Factor analysis with the five clusers of social
innovation (source: Varbanova, 2023)

3. Results

The results confirm that the companies from the three
different sectors, i.e., Food Manufacturing Sector (trans-
forming foodstuff into ingredients), Product Manufac-
turing (preservation of products or their transformation,
here agri-food companies are also included) and other
industries (without food) seem to form only two clusters
(“Food Producing Industries” and “Other Industries”)
that clearly differ from one another with respect to the
underlying dimensions of the five components of social
innovation and management of digitalised production
systems and value chains.

As a next step, the authors describe the cluster groups
on the basis of socio-demographic characteristics. It ap-
pears that “Food Producing Industries”, despite being the
less represented (with only 39 cases), are the most sen-
sitive to social innovation as a factor for digitalisation.
Cross tabulation with Chi-square testing confirms a sig-
nificant relationship between social innovation and the
region of the food manufacturing company. The more
we move to Eastern Europe (and the companies are less
wealthy), the agri-food businesses are, and the more so-
cial innovation matters for their digital transformation
(with exception to Serbia).

ANOVA analysis shows that the export orientation,
financial situation and managerial context also signifi-
cantly differ for the digitalisation in the agri-food sector
in comparison to the other studied sectors.

Conclusions

Community supported agriculture, new plant based
protein sources, synthetic alternatives to animal-based

414

products, practicing regenerative agriculture- all those
are examples of social innovations that the European
Commission is trying to stimulate in the EU (European
Commission, 2023). The idea of social innovation is to
adopt new technologies, while benefiting the environ-
ment and the society. For that reason, it was of particular
interest of the authors of this study to analyse how does
it support the Industry 4.0. implementation (respectively
Agriculture 4.0.), also supported heavily in the block.

Our focus were particularly SMEs in Central and
Eastern Europe, which have restricted access to scale-
up facilities and technological proficiency. Furthermore,
companies require investment and support on different
levels, aside from access to resources, to develop their
products and markets and transform digitally.

The results confirm that agri-food producing compa-
nies in the Europe have a degree of digitalisation below
the average level observed in the European businesses,
but is seems that good social innovation conditions do
have an impact on the decision for digital transforma-
tion. The more we move to the East (the poorer the
countries are), the strongest those relationships are.

The work enriches academic research on the inter-
relation between social innovation and digitalisation in
CEE. The focus on the agri-food producing sector con-
tributes to more practical advices for the digital transi-
tion of SMEs, since Industry 4.0. (and respectively Ag-
riculture 4.0.) are still too vague and distant terms for
them.

However, limitation for the research is the data,
which only comprises six counties and comparisons with
Western Europe could not be further assessed. Following
research migh focus on the inlusion of social innovation
amongst the success factors for companies to take into
account in the process of their digital transformation.
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