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Abstract: The adoption of technologies by small and medium enterprises (SMEs) that operate
in several business sectors in rural areas is a crucial issue because they often need financial and
technical incentives and support from public and local authorities. The question of whether and how
innovation can be replicated and applied in a wider context is strictly connected to the understanding
of those factors and mechanisms capable of determining the success or failure of the introduction
of innovation itself. In this paper, the attention is focused on the impact of new technologies in
order to increase SMEs’ competitiveness and productivity among the firms. For this purpose, only
recent resources, research and studies that have been implemented during the last twenty years are
taken into account. Firstly, based on these studies, the main disruptive technologies were selected.
Secondly, the evidence is drawn from stakeholder data discussions of the Interreg Europe project
“Regional policies for innovation driven competitiveness and growth of rural SMEs—INNOGROW”,
covering eight European countries (Bulgaria, Czech Republic, Greece, Hungary, Italy, Latvia, Slovenia
and the United Kingdom). Descriptive statistics were applied to describe the case identities. The
cases’ needs, enablers and barriers in different groups were analyzed using a chi-square test and
Mann–Whitney U Test. The results of this study are important for both researchers as well as small
business practitioners (including government agencies and owners/managers) in order to provided
policy recommendations, concerning how to establish favourable conditions and offer incentives to
SMEs to integrate innovative solutions into their business models.

Keywords: rural SMEs; adoption of new technologies; drivers of competitiveness; enablers and
barriers for rural SMEs; regional actors

1. Introduction

In several studies, the innovativeness of growing firms has been discovered to be
important in value and job creation (Acs and Mueller 2008; Autio and Hoeltzl 2008; Autio
and Acs 2009; Bigliardi 2013; Delmar et al. 2013; Fieldsen 2013; Henrekson and Johansson
2010; Parker et al. 2010). Other studies usually focus on creative activities and the role of
research and development (RandD) investments and public RandD funding as positive
factors in the overall growth, success and survival of a firm. (Branzei and Vertinsky 2006;
Calvo 2006; Forsman and Annala 2011; Freel and Robson 2004; Hölzl 2009; Koellinger
2008; Thornhill and Gellatly 2005; Thornhill 2006). A key conclusion is that there is a
positive correlation between innovativeness and growth. However, the types of innovation
adopted by firms that operate in rural economies have received relatively little scholarly
attention. As a result, the main aim of this paper is to fill this research gap. Indeed, the
objective of this contribution is to assess whether and how the adoption of new technologies
by small and medium enterprises (hereinafter SMEs), operating in rural economies, can
generate growth in their competitiveness and profitability and, consequently, to propose
recommendations for policymakers. For this purpose, derived from the previous literature,
the impact of new technologies suitable for rural economy SMEs are identified, on the basis
of the stakeholders’ discussion, the enablers and barriers for adopting each technology and
the way to support the rural economy, and useful recommendations on how to establish
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favourable conditions and offer incentives to SMEs for integrating innovative solutions in
their business models are provided to public authorities.

This work reports the results of the regional policies for innovation driven compet-
itiveness and growth of rural SMEs (INNOGROW Interreg Europe Project 2016–2021),
carried out by nine partners (Territorial Development Agency of the Stara Zagora re-
gion, Territorial Development Agency of the Pardubice region, Thessaly region, Territo-
rial Development Agency of the Western Transdanubia region, Lombardy Foundation
for the Environment, Molise Chamber of Commerce, Semgallia region, Territorial De-
velopment Agency of the Upper Carniola region, Newcastle University) in eight coun-
tries (Bulgaria, Czech Republic, Greece, Hungary, Italy, Latvia, Slovenia and the United
Kingdom). The project promotes the adoption of innovation by rural economy SMEs,
through sharing practices/experiences between regions and actors relevant to this sector
(https://www.interregeurope.eu/innogrow/) (accessed on 12 April 2021).

The findings of this study are expected to help SMEs in these countries and other
areas, by providing an insight into the benefits of the adoption and use of sound technology
that can help maximize business margins. Moreover, the findings of the study are expected
to help planners and policymakers strengthen or adjust their position in business policy
formulation.

The paper is organised as follows: First, some former studies from which the Research
Questions (RQs) and selected technologies are derived are examined; thereafter, the data
and methodology are explained; then the results are analyzed and discussed with previous
studies; and finally the conclusions and implications are presented together with the
limitations of the study (Figure 1).

1 

 

 

1. RQs 
Definition

•Definition of the questions that drive the analysis

•Filling the research gaps and establishing the future research agenda

2. Material 
collection

•Articles has been selected  on the  innovation tecnologies applied by rural SMEs from 2002 to 2021

•A structured online questionnaire was designed to collect data from the eight countries of INNOGROW 
project

3. Data 
analysis

•Chi-Square (χ2) Test and Mann -Whitney U (MWU) Test have been carried out with the collected data

•Enablers and barriers for adopting each technology to support rural economy were identified

4. Answer 
RQs

•RQs are answerd with a deep analyisis of the previous studies, of the data collected and on the basis of
the stakeholders' discussion.

Figure 1. Research path.

2. Theoretical Framework and the Formulation of the RQs

The information that was gathered to produce a knowledge base about the main
disruptive technologies that have considerable impact on the competitiveness and produc-
tivity of rural SMEs was based primarily on research from the countries considered in the
analysis. Evidence was gathered from previously published related work such as studies,
surveys, industry reports, European Union (EU) projects, databases and online resources.
Only recent resources, research studies and projects that have been implemented during
the last twenty years were taken into account. The analysis of the literature study was
focused on new/innovative technologies that have been implemented from 2002 to 2021.
These innovative technologies have been grouped in the following three categories.

https://www.interregeurope.eu/innogrow/
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2.1. Innovative Production Technologies

Several studies (Afranta et al. 2002; Bergman et al. 2006; Bigliardi and Galati 2013;
Capitano et al. 2010; De Jong and Vermeulen 2006; Mark-Herbert 2004; Munday et al. 2011;
Niggli et al. 2008; Padel et al. 2015; Pretty et al. 2000; Pretty 2001; Seelan et al. 2003; Sima
2009; Triguero et al. 2013) have found that the adoption of innovative production technolo-
gies (e.g., organic farming, renewable energy, precision agriculture, etc.) have significantly
influenced SMEs’ competitiveness and profitability. These types of technologies have had
a positive environmental impact, have increased the number of customers and have led to
access to new markets.

2.2. Technologies Supporting Product Distribution

Studies (Baourakis et al. 2002; Fanelli 2020; Fanelli and Romagnoli 2020; Henchion
and McIntyre 2005; Holt et al. 2007; Policy 2013; Simpson and Docherty 2004; Siu 2000;
Stratigea 2011) have acknowledged that firms that support product distribution have a
competitive advantage.

2.3. Technologies Supporting Product Safety

The technologies that support product safety can also influence a firm’s competitive-
ness and at the same time contribute to the improvement of the consumers’ status (Gungor
et al. 2013; Michailidis et al. 2011; Opara 2003; Ozer 2004; Stočes et al. 2016; Subrahmanya
et al. 2010). These technologies have been adopted by SMEs that operate in rural areas and
have contributed to the Gross Domestic Product (GDP) of these areas, are connected with
rural specific activities and are driven by or based on a natural capital/rural environment.

Based on the assumption that the type of technologies to be adopted depends on
specific goals that entrepreneurs want to achieve (e.g., increase access to new markets,
increase competitive advantage, provide more information to the final consumer), the first
two RQs were formulated:

RQ1: What type of technology is adopted by rural SMEs?
RQ2: What goals are most crucial for entrepreneurs?

Furthermore, it is important to report the main factors that affect the innovativeness of
growing SMEs. Some studies have argued that locational diversity and the industrial sector
would create diverse opportunities to innovate and to exploit the resulting innovations
(Almus 2002; Hoogstra and Dijk 2004; Hölzl 2009; Mendonca et al. 2004). Innovation
capability is considered to be a one-dimensional phenomenon including the actions that
could be implemented to enhance the performance of SMEs (Castela et al. 2018), the
utilization of experience and ideas from distinct origins (Zhang and Hartley 2018), the
external environment and structural factors as well as enterprise-specific characteristics
(Laforet 2011). It is possible to hypothesize that there are different barriers that pose
obstacles to the introduction of innovations by SMESs, according to the country in which
they are located.

Another factor that has been long debated in innovation and growth studies is the size
and stage of a firm’s development (Gilmore et al. 2001). Large firms tend to have a resource
advantage over smaller ones when it comes to exploiting new technologies (Bhattacharya
and Bloch 2004) and for SMEs, finance represents the most commonly identified barrier
to innovation (North et al. 2001). However, one of the most influential instruments is the
public RandD fund. Investment in RandD creates a platform for the commercialization
of new products and processes, because a high distance from the major national and
international markets is another competitive disadvantage faced by rural SMEs operating
in rural areas (Uvarova and Vitola 2019). Furthermore, information and communication
technologies (ICT) allow them to reach customers or business partners all over the world.
The Internet might be used for trading, brand building, advertising and marketing, as well
as for business networking (Galloway 2007).

This prompted the formulation of the third and fourth RQs:
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RQ3: What are the enablers and barriers for adopting each technology to support the rural
economy?
RQ4: How to establish favourable conditions and offer incentives to SMEs for integrating
innovative solutions.

3. Materials and Methods

The methodological approach to examine the impact of the selected new technologies
in order to increase SMEs’ competitiveness and productivity among the countries is based
on a number of case studies.

For this purpose, a structured online questionnaire was designed to collect evidence
and draw on the expertise of target respondents related to cases of innovative technology
adoption by firms in remote and accessible rural areas. The questionnaire was structured
into two main sections.

Section A included questions to identify the regions in which the enterprises were
operating, the primary core business and the dimensions of rural SMEs.

Section B dealt with issues related to the use of particular innovation technologies, the
type of innovation used and what barriers and enabling factors can hinder and support the
adoption and dissemination of new technologies, respectively.

The respondents were owners and/or managers of SMEs opening in remote and
marginal areas of the eight countries. Sixty-eight respondents returned the questionnaires.
In general, the number of firms responding was comparable with other region-specific
studies of this nature, which used around 50 observations (Fanelli 2018; Kingsley and
Malecki 2004; Romijn and Albaladejo 2002; Romijn and Albu 2002).

Using the respondents’ data, descriptive statistics were applied to describe the case
identities in Section A. Section B was analysed using a chi-square (χ2) test and Mann–
Whitney U (MWU) Test. The chi-square test of independence (also known as the Pearson
chi-square) is one of the most useful statistics for testing hypotheses when the variables
are nominal. Unlike most statistics, the chi-square (χ2) can provide information not only
on the significance of any observed differences, but also provides detailed information
on exactly which categories account for any differences found. Thus, the amount and
detail of information this statistic can provide renders it one of the most useful tools in
the researcher’s array of available analysis tools (Dobrovic et al. 2018; McHugh 2013).
Furthermore, the χ2 statistic is strong with respect to the distribution of the data as is the
case with all nonparametric statistics (Sharpe 2015). Specifically, it does not require equality
of variance among the study groups or homoscedasticity in data. It permits the evaluation
of both dichotomous independent variables and of multiple group studies (McHugh 2013)
and the determination of the degree of reliability of the relationship between two categorical
variables (Pollák and Markovič 2021). To draw out some of the key features of the main
needs/objectives that lead rural SMEs to adopt the new technology, the questionnaires were
designed to give answers at the categorical level, so the χ2 statistic can be appropriately
used. To investigate the difficulties/barriers SMEs encountered during the integration or
adoption of new technology, questions were designed as a Likert Scale. The scale used
was 1–5, where 1 = no difficulties and 5 = most important difficulty. Data were measured
on an ordinal scale, which are nonparametric, so Mann–Whitney U (MWU) was applied,
which is also known as the Mann–Whitney–Wilcoxon (MWW) test (Mann and Whitney
1947; Wilcoxon 1945) to analyse the difference between rural SMEs with and without job
generation, with and without improved ability to access new markets and with and without
improved profitability.

There is a plethora of empirical articles related to the application of this nonparametric
test that have shown how it is commonly used to compare means of two different groups
from the same population (Milenovic 2011; Nachar 2008). It is used when data do not
meet the requirements for a parametric test (i.e., t-test, ANOVA). For example, data are
not normally distributed, the variances for two conditions are noticeably different, or data
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are measured on an ordinal scale. It is noted that the results of the MWU are presented in
group rank differences rather than group mean differences.

4. Results and Discussion

The paper is based on a quantitative study of a sample of SMEs located in the eight
countries that have participated in the INNOGROW project from 1 April 2016 to 31 March
2021. Table 1 shows the responses, mainly from owners or directors of enterprises that
completed the online questionnaire.

Table 1. Questionnaire responses by country.

Country No. of Questionnaire
Responses

No. of Questionnaire Responses That
Completed All Questions %

Bulgaria 5 5 9.43
Czech Republic 20 13 24.53

Greece 2 1 1.89
Hungary 1 1 1.89

Italy 6 6 11.32
Latvia 10 10 18.87

Slovenia 16 9 16.98
United Kingdom 8 8 15.09

EU-8 68 53 100

Source: own processing of survey.

Rural SMEs considered in this study mainly operate in agriculture with 32.4%, this
is followed by the category other (e.g., information technology, water management, con-
struction, 25%), then manufacture of food and beverage products (19.1%) and forestry
(7.4%) located outside the metropolitan areas. The SMEs have been grouped into three
categories, namely primary, secondary and tertiary sectors that are useful for the analysis.
Agriculture, forestry, animal husbandry and aquaculture are grouped as the primary sector.
The secondary sector includes the manufacture of food and beverage products, energy and
resources. Tourism and others are specified as the tertiary sector (Figure 2).
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Figure 2. Sectoral background of surveyed rural SMEs. Source: own processing of survey.
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With the permanent decline of employment in agriculture and other traditional rural
industries, the identification and encouragement of new sources of jobs for those living
in rural communities have become a key priority for rural development. However, low
densities characterize rural areas. In such circumstances, entrepreneurship is particularly
difficult. Today, a relatively small group of fast growing, innovative SMEs (Storey 1994)
generate the majority of new jobs. The analyses of the survey data showed that approxi-
mately 57.4% of the rural SMEs had less than 10 employees, followed by 10–49 employees
(26.5%) and 50–249 employees (14.7%), respectively. Only one firm had 250 employees
or more. For turnover, instead, the majority of rural SMEs registered less than 2 million
EUR per annum (69.7%), and only 21.2% and 9.1% registered 2–10 and 10–50 million EUR,
respectively. The survey also revealed that no firms reported an annual turnover of more
than 50 million EUR.

To study the impacts of technology adoption on rural SMEs’ competitiveness and
productivity, it is important to understand what type of technology is adopted by firms.
Approximately 18% of the rural firms highlight other types of technology, with examples
including an environmental monitoring network, harvesting technology and innovative
vender machines. Precision agriculture is the second most popular technology adopted
by sampled firms at 15%. Around 13% of the firms adopted traceability systems and
renewable energy, respectively. Only 1.7% of the surveyed firms used functional food as
an innovative technology (Figure 3). These types of innovative technologies have been
adopted in different years. Rural SMEs are more likely to have started implementing the
new technology between 2012 and 2016. The highest proportion of firms adopted new
technology in the year 2016 with 13.3%, followed by the years 2015 and 2012 (11.7%) and
the years 2010 and 2005 (10%). The adoption of innovative technology may result in an
increase of rural SMEs’ competitiveness and productivity.
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In order to identify the factors that may inhibit SMEs in rural areas from innovating
in this sector, the chi-square (χ2) statistic was applied to analyse group differences when
the dependent variable was measured at a nominal (categorical) level (Lu et al. 2014).
The dependent variables are here classified into three groups: (1) job generation and no
job generation, (2) access to new markets and no access to new markets, and (3) firm
profitability and no firm profitability. It permits the evaluation of both dichotomous
independent variables and of multiple group studies (Preacher 2001).



Soc. Sci. 2021, 10, 430 7 of 15

Table 2 shows the key features of the main objectives when rural SMEs implement new
technology, comparing firms who declared the new technology had impacted positively
on their numbers of employees and those where no positive impact on numbers had
been registered. The results showed no statistically significant differences in objectives
for adoption in terms of derived impact on job generation (p > 0.05). A chi-square test
was performed, and no relationship was found between the two groups of firms and the
frequency of main needs/objectives, χ2 (1, n = 51) = 4.12, p value = 0.85. The impact of the
adoption of the new technologies on the creation of job generation was not significantly
different between the two groups of firms (with and without job generation), so the null
statistical hypothesis can be rejected. The main reason for both groups to adopt the new
technology is accessing new markets/identified market opportunities, which applied to
53.3% of firms that had job generation and 50.0% that had no job generation. In firms where
new technology had led to an increase of employees with important needs/objectives
related to responding to competition, an improvement of environmental impact/resource
efficiency and personal interest in the new technology were registered.

There are statistically important differences between the second groups in terms
of their objectives to access new markets/identified market opportunities and satisfy
customers’ needs. A chi-square test highlighted a statistically significant relationship
between the firm and the frequency of the main needs/objectives, χ2 (1, N = 53) = 11.6,
p value = 0.17. Approximately 76% of rural SMEs with an improved ability to access
markets aimed to adopt the new technology for access to new markets/identified market
opportunities compared to only 13% of rural SMEs without an improved ability. A higher
percentage of rural SMEs with an improved ability to access markets also aimed to adopt
new technology to satisfy customers’ need. Other main objectives for SMEs that have
improved their ability to access new markets are a positive environmental impact/resource
efficiency (48.3%) and a personal interest in the new technology (48.3%).

For the third group’s impacts on firm profitability as a result of new technology, the
main needs/objectives of rural firms to adopt the new technology are as follows. Personal
interest in the new technology is the only objective where there is a significant difference
between firms that experienced an impact on profitability. Approximately 56% of rural
SMEs that adopted the new technology for personal interest in the new technology had
experienced a positive impact on profitability compared to only 26% for rural SMEs without
profitability. A chi-square test was performed, and a statistically significant relationship
was found between the firm and the frequency of their main needs/objectives, χ2 (1, N =
51) = 8.08, p value = 0.33.

Table 2. The main needs/objectives for rural SMEs to adopt the new technology.

Number of Business

I Group II Group III Group

Main
Needs/Objectives

No Job
Genera-

tion
Job Gener-

ation Total
No Access

to New
Market

Access to
New

Market
Total

No Firm
Profitabil-

ity
Firm Prof-
itability Total

Reduce production
costs

13
36.1%

5
33.3%

18
35.3%

10
43.5%

8
27.6%

18
34.6%

5
26.3%

14
43.8%

19
35.3%

Respond to competition 13
36.1%

7
46.7%

20
39.2%

8
34.8%

13
44.8%

21
40.4%

7
36.8%

13
40.6%

20
39.2%

Access new
markets/identified
market opportunity

18
50.0%

8
53.3%

26
49.0%

3
13.0%

22
75.9%

25
48.1%

8
42.1%

15
46.9%

23
46.0%

Increase profitability,
revenue

16
44.4%

6
40.0%

22
43.1%

9
39.1%

13
44.8%

22
42.3%

5
26.3%

16
50.0%

21
42.6%

Satisfy customers’ need 17
47.2%

5
35.7%

22
43.1%

6
26.1%

17
58.6%

23
44.2%

10
52.6%

12
37.5%

22
43.1%
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Table 2. Cont.

Number of Business

I Group II Group III Group

Main
Needs/Objectives

No Job
Genera-

tion
Job Gener-

ation Total
No Access

to New
Market

Access to
New

Market
Total

No Firm
Profitabil-

ity
Firm Prof-
itability Total

Positive environmental
impact/resource
efficiency

15
41.6%

7
46.6%

22
43.1%

8
34.8%

14
48.3%

22
42.3%

7
36.8%

18
40.6%

23
45.1%

Personal interest in the
new technology

17
47.2%

7
46.6%

24
47.1%

10
43.5%

14
48.3%

24
46.2%

5
26.3%

18
56.3%

23
45.1%

Meet legislative/policy
changes

6
16.6%

1
6.7%

7
13.7%

2
8.7%

5
17.2%

7
13.5%

4
21.0%

2
6.3%

6
11.8%

Other 0
0.00%

1
7.1%

1
2.0%

0
0.0%

1
3.4%

1
1.9% 0 0 0

Total 36 15 51 23 30 53 19 32 51

Source: own processing of survey.

The χ2 is applied again to find key enablers, local conditions and success factors of
rural firms that support the adoption of new technology. The three groups of technology
impacts are again used to compare these features: (1) job generation and no job generation,
(2) access to new markets and no access to new markets, (3) firm profitability and no firm
profitability.

A key finding of interest on the enablers for rural firms that support new technology, is
that a higher level (40%) of firms that experienced job generation from adoption, identified
private, external funding (e.g., bank, investor, venture capital) as supporting the adoption
of the new technology, compared to firms without job generation (13.9%). Both firms
with and without job generation identified internal capital (from a firm and its owners) as
supporting their new technologies (Table 3).

For access to new markets, Table 3 (group 2) shows that rural SMEs with an improved
ability to access markets are more likely to identify the importance of existing employees
with knowledge and skills (30%) compared to the firms without an improved ability
(4.3%). Additionally, advisory services are statistically more significant for firms that have
experienced improved ability access to new markets. Both groups of firms identified the
importance of internal capital (from a firm and its owners) to support the adoption of new
technology.

When comparing enablers between rural firms, according to their improved profitabil-
ity as a result of adoption, there are no statistically significant differences between the two
groups (Table 3, group 3). Both groups are more likely to identify internal capital (from
a firm and its owners) and public funding as supporting their new technology adoption.
Firms with improved profitability are more likely to highlight collaboration with other
businesses and private, external funding (e.g., bank, investor, venture capital).

Table 3. Enablers of rural SMEs for supporting the adoption of the new technology.

Number of Business

(1) Group: χ2 (1, N = 51) = 4.12;
p Value = 0.85

(2) Group χ2 (1, N = 53) = 11.6;
p Value = 0.17

(3) Group χ2 (1; N = 51) = 8.08 ;
p Value = 0.33

Enablers
No Job
Genera-

tion
Job Gener-

ation Total
No Access

to New
Market

Access to
New

Market
Total

No Firm
Profitabil-

ity
Firm Prof-
itability Total

Public funding 16
(44.4%)

4
(26.7%)

20
(39.2%)

6
(26.1%)

14
(46.7%)

20
(37.7%)

8
(42.1%)

11
(34.4%)

19
(37.3%)

Internal capital 28
(77.8%)

8
(53.3%)

36
(70.6%)

17
(73.9%)

20
(66.7%)

37
(69.8%)

15
(78.9%)

22
(68.8%)

37
(72.5%)

Private, external
funding

5
(13.9%)

6
(40.0%)

11
(21.6%)

3
(13.0%)

8
(26.7%)

11
(20.8%)

3
(15.8%)

7
(21.9%)

10
(19.6%)
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Table 3. Cont.

Number of Business

(1) Group: χ2 (1, N = 51) = 4.12;
p Value = 0.85

(2) Group χ2 (1, N = 53) = 11.6;
p Value = 0.17

(3) Group χ2 (1; N = 51) = 8.08 ;
p Value = 0.33

Enablers
No Job
Genera-

tion
Job Gener-

ation Total
No Access

to New
Market

Access to
New

Market
Total

No Firm
Profitabil-

ity
Firm Prof-
itability Total

Market potential 10
(27.8%)

3
(20.0%)

13
(25.5%)

3
(13.0%)

10
(33.3%)

13
(24.5%9

3
(15.8%)

10
(33.3%)

13
(24.5%)

Existing employees
with relevant
knowledge and skills

5
(13.9%)

4
(26.7%)

9
(17.6%)

1
(4.3%)

9
(30.0%)

10
(18.9%)

3
(15.8%) 6

(18.8%)
9

(17.6%)

Hiring new employees
with relevant
knowledge and skills

3
(8.3%)

2
(13.3%)

5
(9.8%)

2
(8.7%)

4
(13.3%)

6
(11.3%)

1
(5.3%)

4
(12.5%)

5
9.8%)

Collaboration with
other business

8
(22.2%)

4
(26.7%)

12
(23.5%)

4
(17.4%)

8
(26.7%)

12
(22.6%)

3
(15.8%)

8
(25.0%)

11
(21.6%)

Adversary service 2
(5.6%)

3
(20.0%)

5
(9.8%)

0
(0.0%)

6
(20.0%)

6
(11.3%)

1
(5.3%)

3
(9.4%)

4
(7.8%)

Other 3
(8.3%)

1
(6.7%)

4
(7.8%)

3
(13.0%)

1
(3.3%)

4
(7.5%)

2
(10.5%)

2
(6.3%)

4
(7.8%)

Total 36 15 51 23 30 53 19 32 50

Source: own processing of survey.

To investigate the difficulties/barriers SMEs encountered during the integration of new
technology, questions were designed as a Likert Scale where 1 = no difficulties and 5 = most
important difficulty. Data were measured as an ordinal scale, which was nonparametric, as
such, the Mann–Whitney U (MWU) test was applied to analyse the differences between
the groups of rural SMES. The MWU test is a nonparametric test that is commonly used to
compare means of two different groups from the same population (Sanders and Galloway
2013).

Comparing the difficulties or barriers experienced by rural SMEs in relation to job
generation from technology adoption (Table 4), there were no statistically significant differ-
ences between the two groups, implying that rural firms with and without job generation,
as a result of applying the new technology, do not differ in terms of difficulties/barriers
experienced.

Table 4. Difficulties/barriers of rural SMEs during the adoption/integration of new technology—job generation.

Difficulties/Barriers
Mean Rank

Mann–Whitney U p-Value
No Job Generation Job Generation

Regulation/limited support by local
policy makers 26.56 24.67 250.0 0.662

Funding, lack of financial resource 27.44 22.53 218.0 0.270

Lack of expertise/skills of existing
employees within the firm 27.47 22.47 217.0 0.252

Inability to hire new employees with
relevant skills/expertise 25.54 27.10 253.5 0.722

Lack of customer demand or limited
interest from stakeholders 26.17 25.60 264.0 0.891

Lack of appropriate external
advice/technological skills 25.83 24.64 240.0 0.781

High integration costs 26.15 21.81 192.5 0.333
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Table 4. Cont.

Difficulties/Barriers
Mean Rank

Mann–Whitney U p-Value
No Job Generation Job Generation

Difficulties in establishing effective
collaboration with supply chain
partners

25.50 27.20 252.0 0.691

Competition in the industry 24.53 29.53 217.0 0.246

Source: own processing of survey.

Table 5 presents the MWU test results of the barriers experienced by rural firms with
and without an improved ability to access new markets as a result of new technology. The
MWU tests found that significant differences existed between rural firms and a lack of
improved ability to access new markets in relation to funding, lack of financial resources,
lack of customer demand or limited interest from stakeholders and competition in the
industry. The firms without improved access to new markets were more likely to face the
first two barriers. However, firms with access to new markets highlighted competition in
the industry as a barrier.

Table 5. Difficulties/barriers of rural SMEs during the adoption/integration of new technology—access to new market.

Difficulties/Barriers
Mean Rank

Mann–Whitney U p-Value
No Access to New Market Access to New Market

Regulation/limited support by local
policy makers 27.46 25.74 311.5 0.669

Funding, lack of financial resource 31.35 22.66 222.0 0.035

Lack of expertise/skills of existing
employees within the firm 27.22 26.83 340.0 0.926

Inability to hire new employees with
relevant skills/expertise 27.28 25.88 315.5 0.730

Lack of customer demand or limited
interest from stakeholders 30.13 23.62 250.0 0.091

Lack of appropriate external
advice/technological skills 27.71 23.90 258.0 0.328

High integration costs 24.55 26.19 284.5 0.685

Difficulties in establishing effective
collaboration with supply chain
partners

26.36 25.72 311.0 0.871

Competition in the industry 21.59 29.34 222.0 0.051

Source: own processing of survey.

Table 6 indicates the difficulties/barriers experienced by rural SMEs, paying attention
to any potential differences between those with or without improved profitability as a
result of technology adoption. The MWU test indicates that rural SMEs with improved
profitability are statistically and significantly different from the SMEs without improved
profitability in terms of regulation/limited support by local policy makers, funding, lack
of financial resources, lack of customer demand or limited interest from stakeholders
and difficulties in establishing effective collaboration with supply chain partners. The
firms without improved profitability had a mean rank of 32.5 on facing regulation/limited
support by local policy makers, while the firms with profitability had a mean rank of 22.1.
Likewise, for funding and lack of financial resources, the firms without profitability had
a mean rank of 36.3, while the firms with profitability had a mean rank of 19.9. A higher
mean rank of the firms without profitability than the firms with profitability face a lack of



Soc. Sci. 2021, 10, 430 11 of 15

customer demand or limited interest from stakeholders with 31.8 and 22.5, respectively.
In addition, the rural firms without profitability are more likely to experience difficulties
in establishing effective collaboration with supply chain partners (mean rank = 30.2) than
those with profitability from adoption (mean rank = 22.8).

Table 6. Difficulties/barriers of rural SMEs during the adoption/integration of new technology—firm profitability.

Difficulties/Barriers

Mean Rank
Mann–Whitney U p-ValueNo Improvement in

Firm Profitability
Improved Firm

Profitability

Regulation/limited support by local
policy makers 32.47 22.16 181.0 0.011

Funding, lack of financial resource 36.26 19.91 109.0 0.000

Lack of expertise/skills of existing
employees within the firm 24.42 26.94 274.0 0.543

Inability to hire new employees with
relevant skills/expertise 24.61 26.83 277.5 0.592

Lack of customer demand or limited
interest from stakeholders 31.84 22.53 193.0 0.070

Lack of appropriate external
advice/technological skills 26.50 24.20 246.5 0.566

High integration costs 25.47 24.75 264.0 0.862

Difficulties in establishing effective
collaboration with supply chain
partners

30.22 22.84 203.0 0.066

Competition in the industry 25.50 25.50 288.0 1.000

Source: own processing of survey.

5. Conclusions and Study Limitations

This paper contributes to the growing body of literature on the innovative activities
and information sourcing practices of small firms in a rural context. It is suggested that a
quantitative survey be carried out to enhance the generalizability of the model. The results
of this study are important for both researchers and small business practitioners (including
government agencies and owners/managers). The findings of this study extend the SMEs,
information technology, and innovation literatures and help build a foundation for further
understanding the impact of new technologies on SMEs competitiveness and productivity.

The main aim of this research was to give an answer to the following questions:
(1) What type of technology is adopted by rural SMEs from 2002 to 2016? Approxi-

mately 18% of the rural firms highlight other types of technology, with examples including
environmental monitoring networks, harvesting technology and innovative vender ma-
chines. Precision agriculture is the second most popular technology adopted by sampled
firms at 15%. Around 13% of the firms adopted traceability systems and renewable energy.

These results are in accordance with findings from the previous literature in which the
most common type of innovation pursued, especially in the food production sector, was
innovation in processes (Afranta et al. 2002; Capitano et al. 2010; Triguero et al. 2013).

(2) What goals are most crucial for entrepreneurs? With this research question, it was
found that approximately 26% of rural firms stated that the top priority was to increase
their market share. Around 22% of the rural SMEs aimed to increase consumer satisfaction,
20.5% wanted to access new markets. For 17% and around 15% of rural firms it was
important to improve the firm’s efficiency and business profitability. These findings, in
accordance with Siu (2000), state that market orientation has a positive effect on firm
survival and competitiveness.



Soc. Sci. 2021, 10, 430 12 of 15

(3) What are the enablers and barriers for adopting each technology to support the
rural economy? Most SMEs interviewed (28%), in fact, denounced the lack of financial
resources necessary to make technological innovations and the considerable difficulty in
accessing public and private funding. The results, in line with North et al. (2001), argue
that finance represented one of the biggest barriers to SMEs to adopt innovation.

Furthermore, whether the performance of SMEs, in terms of growth and profitability,
is related to the introduction of different types of innovation has also been analysed. The
results of the investigation between the three groups of rural SMEs highlight that for the
first group of the firm (job generation vs. no job generation), the rural SMEs experiencing
job generation as a result of technology adoption are likely to be generating more turnover
with respect to the firms. In terms of the industrial sectors, rural SMEs are more likely
to generate jobs from technology adoption in the primary and tertiary sectors, than in
the secondary sector. For the second group (access to new markets vs. no access to new
markets) there is an indication that the rural firms with improved market accessibility are
more likely to be generating higher turnover after integrating new technologies in their
business. The number of firms with an improved ability to access new markets in both the
secondary and tertiary sectors is higher than that of firms without an improved ability to
access new markets. Finally, for the third group (firm profitability vs. no firm profitability)
approximately 63% of rural SMEs generate a profit after implementing new technologies,
but around 37% do not. They indicate how each variable is related to the function. Only
lack of funding resources and limitations of regulation/limited support by local policy
makers have a negative correlation with firm profitability.

Lastly, (4) How to establish favourable conditions and offer incentives to SMEs for
integrating innovative solutions. For SMEs to fully develop and use this potential, they
need specific policy measures to ensure that technological services can be provided and
requisite infrastructures are available. Further, research and development institutions that
are publicly funded should be encouraged to target the technology needs of SMEs. At
the same time, some typical characteristics of the rural environment exist, such as the
availability of business premises, transport infrastructure, small size local markets, features
of rural labour markets and access to information and finance (Smallbone and Welter 2006).

The limitations of the study are that the analysis is based on self-reported data pro-
vided by a small sample of entrepreneurs. Moreover, the study is only one part of a larger
long-term project investigating the drivers and barriers to new technology adoption by
SMEs. Further research is currently being undertaken in order to overcome some of the
limitations outlined previously.
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