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FOREWORD

Agriculture has always been the backbone of human civilization, providing sustenance,
livelihood, and the basis for economic growth. In today's rapidly evolving world, where
technology, climate change and changing demographics have a significant impact on
agricultural practices, the need for a skilled, informed, and adaptable human capital has never
been more urgent. Human capital is, therefore, crucial for finding ways to deal with all the
challenges effectively and fulfil the mission of agriculture, both in terms of production and
non-production functions.

It is already a tradition that the conference Agrarian Perspectives, reflecting topical issues and
trends, takes place every year in September at the Czech University of Life Sciences in
Prague. This year's 32nd "Agrarian Perspectives" conference, held on the 6th and 7th of
September 2023, is focused on the topic of Human Capital and Education in Agriculture. It
aims to point out the importance of human capital for the further sustainable development of
agriculture and emphasize the role of education in this process.

The conference intends to contribute to the discussion of what is essential for forming
agricultural experts and how scientific disciplines from the fields of economics, management,
social and natural sciences can contribute to a better understanding and solving problems that
face current agriculture. This traditional event serves as a forum for researchers, educators,
practitioners, and policy makers to come together and discuss from different perspectives the
significant and sometimes somewhat omitted relationship between human capital and
agriculture.

We strongly believe that the conference will create an inspiring environment for all
participants and will contribute not only to the scientific knowledge in this area, but also to
the deepening of personal contacts and cooperation.

doc. Ing. Karel Tomsik, Ph.D.
Vice-Dean FEM CZU Prague
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AGRITOURISM OFFER IN THE CZECH REPUBLIC
AND SLOVAKIA - PILOT RESEARCH

Karel Alloh?, Michal Cerméak?, Petra Sdnova3 and Josef Abrham?*

L3Department of Trade and Accounting 2Department of Economics, Faculty of Economics and Management,
CZU Prague, Czech Republic

4 Metropolitni univerzita Praha, Czech Republic
Lalloh@pef.czu.cz; 2cermak@pef.czu.cz; 3sanova@pef.czu.cz; *josef.abrham@mup.cz

Annotation: Agritourism as part of agriculture is also affected by the economic crisis,
environmental problems, and social tensions. The development of agritourism positively impacts
both the productive and non-productive functions of agriculture. Sustainability is the driving force
behind contemporary agriculture and, by extension, agritourism. Rural tourism, and hence
agritourism, is close to the sharing economy. Therefore, this area should also be managed
by erudite professionals who know the behavioral patterns of agritourism users. This pilot study
seeks to evaluate the current agritourism offered in the Czech Republic and Slovakia and identify
key success attributes of farms that communicate sustainability through a booking platform.
The choice of the platform for analysis and the essential identification of the requirement
of potential agritourism users is based on a primary questionnaire survey. For the actual analysis
of sustainability and success factors, text mining analysis was used in the paper. The most
preferred booking platform in the Czech Republic is currently Booking.com. The most significant
interest is short-term stays, especially from families and couples. The main success factors
of the selected sustainable farms, based on the ratings of the users of the booking platform, include
authenticity, tasting of drinks and local products, entertainment for children, and the possibility
of relaxation. Authenticity and locality of production are among the most important sustainability
factors perceived by agritourism users in the Czech Republic and Slovakia. Without catering,
a shared kitchen is vital for agritourism users. Agritourism is an educational tool with great
potential that needs to be sufficiently exploited. The results of this pilot study represent
a springboard for further research in the sharing economy of agro and gastronomy tourism.
The results also present the need for more training for agritourism managers, emphasizing
communicating the offer and the use of booking platforms.

Key words: Agritourism, Education, Reviews, Sustainability, Tourism, Trend

JEL classification: Q01, Q13, Z32

1. Introduction

For most economies, tourism and agriculture are significant contributors to nations'
employment and economic development (Zacal et al., 2019). The immediate impact
is on regional development, employment, business, and services such as trade, transport,
and culture; infrastructure, the environment and education are also affected. In the Czech
Republic, rural destinations occupy a special place where key factors for visitors can be found
(Sip et al., 2020). Tourism is a potential remedy for a declining rural economy
and an essential factor for regional rural development (Cawley and Gilmor, 2008; Kajan
and Saarinen, 2013; Saeporsdottir and Hall, 2020).

Tourism is a global trend. At the same time, global trends require a shift towards
sustainability (Olsson et al., 2014; Kontogianni and Alepis, 2020). Therefore, sustainability
and education have been a priority in the last decades (Gullino et al., 2018). UNWTO has
long been trying to promote sustainable tourism, and its initiative also recognizes rural areas



for their commitment to sustainability in all aspects with the Sustainable Development Goals
(Spencer and Nsiah, 2013; Olafsdéttir, 2021; UNWTO, 2022). Agritourism can be
an excellent example of how to perceive sustainable tourism in practice. Blangy and Wood
(1993, p. 32) defined agrotourism as "responsible travel to natural areas that conserves
the environment and sustains the well-being of local people". Farmers often present
an accommodation offer that represents an additional opportunity for their income (Salim
etal.,, 2022). They can then present this accommodation through, for example, online
accommodation booking agents.

Visitor satisfaction is a critical factor in the sustainability and competitiveness of a destination
in the long term (Mazanec et al., 2007; Iniesta-Bonillo et al., 2016). For tourism destinations,
competitiveness is essential. Every company or destination should find a better approach
to competing with others by offering product improvements to gain a competitive advantage
(Go and Govers, 2000). However, customer satisfaction itself can vary. Research by Stumpf
and others (2022) confirmed the hypothesis that overall visitor satisfaction varies by region.
Research has suggested that destinations compare themselves to competitors and manage
the quality of visitor satisfaction. The research assertion is in line with Kozak (2022), who
confirms that comparing a destination with other similar destinations allows comparison
of their performance with competitors. Therefore, destinations should improve their products
to a level that will give them a competitive advantage (Go and Govers, 2000). Buhalis (2003)
defines five characteristics that relate to a destination: destination potential (attractiveness),
accessibility and complementary services, amenities, available packages, and on-site
activities. Middleton and Clarke (2001) add images and perceptions of the destination
and price.

A study by Baipai et al. (2021) revealed that most research focuses on the characteristics
of farmers, farms, and their surroundings in identifying success factors of sustainable
agritourism. Research focuses on the characteristics of tourists in terms of demographic
profile, motivation, and preferences. The study recommended further research in this regard.

Information about customer satisfaction can be found through user reviews. However,
in recent years, customer behaviour has been changing based on reviews and opinions of other
consumers. These reviews are mediated online through digital platforms such
as Booking.com, TripAdvisor, etc. Digital technologies have been recognized as significant
drivers of the ongoing digital revolution (RiiBmann et al., 2015), and digital platforms have
been identified to create new business models (UNCTAD, 2019). These tools create value
in the platform economy. In this case, consumers are motivated to help others formulate their
opinions and evaluations of products and services (Hennig-Thurau et al., 2004; Mariani
and Borghi, 2018). Conversely, consumers gather information to align their preferences with
existing economic offers (Dellarocas, 2003; Oliveira et al., 2019) and minimize the risk
associated with the purchase process (Cheung and Lee, 2012). In tourism, farm managers
must satisfy customers while remaining competitive (Kandampully et al., 2018).

The paper's main objective is to evaluate the current offer and identify key sustainability
attributes within Czech and Slovak sustainable agritourism. The following sub-objectives will
form the result of the work:

* identification of the most preferred booking platform in the Czech Republic,



* identification of the most preferred length of stay in the Czech Republic,

* identification of sustainable accommodation capacities in the Czech Republic
and Slovakia through the most preferred online booking platform,

* selection of accommodation facilities (farms) providing agritourism services in terms
of sustainability,

* find success factors of selected sustainable farms and identify user ratings through
data mining.

2. Materials and Methods

To assess the current offer and identify key sustainability attributes within agri-tourism, it was
first necessary to determine which booking platform is most preferred and then what
is the most preferred length of stay for potential domestic users of agri-tourism services.
A questionnaire survey was used for these findings. The questionnaire survey was carried
out between May and September 2022. Four hundred eighty-nine respondents participated
in the questionnaire survey, who were selected based on a quota selection by gender and age
within the capital city. Prague was selected for data collection as the place with the highest
purchasing power and a high expectation of interest in agritourism. In the case of urban
residents, there are instances where they opt for short-term (weekend) trips and Mikrut (2017)
points out that residents of large cities prefer short trips to nearby destinations. The surveys
were conducted electronically, in person, and through online calls.

After the questionnaire survey results showed that Booking.com was the most preferred
booking platform for the selected sample of respondents, further analysis was carried out
on this platform. This analysis relates to the sub-objective, i.e., the identification
of sustainable accommodation capacities in the field of agritourism in the Czech Republic
and Slovakia. A supply was generated according to the preferred length of stay, which was
the result of the questionnaire survey. This served as a data input for the text analysis method.
This systematic and objective method involves analyzing and interpreting text (in this case,
the offer and guest reviews) to extract relevant information (Lacy et al., 2015; Graneheim
et al., 2017; Vaismoradi, 2013). Identification of key elements of the offer included: length
of stay, accommodation facilities, dining options or shared kitchen options, local ingredients
on offer, beverage, and food tasting options, accommodation facilities, relaxation options,
farm-to-nature connections, and opportunities for authentic farming experiences.
Identification of key elements of demand expressed in the form of reviews for each
accommodation included:

e sentiment,

e satisfaction with the offer,

e focus on the reserves or absence of certain elements, and
* the importance of each key element of the offer.

Identifying key elements was followed by analyzing and categorizing this data by reviewing
the offers according to themes and logical structure. The authors sought to create an overview
of the key elements that could represent success factors for these sustainable farms
on Booking.com. Based on the analysis and categorization of the text, the information



obtained was interpreted, and an attempt was made to draw relevant conclusions.
These results were then discussed using other sources and approaches based on them;
recommendations for agri-tourism managers about their training were drawn.

3. Results and Discussion

The identification of the most preferred booking platform and preferred length of stay was
supported by our research. The question was part of a more extensive survey
on accommodation services in the spa industry, so respondents were also selected based
on their place of residence — Prague. The capital of the Czech Republic still has the most
considerable purchasing power and can thus compete with clientele from abroad, which
the researchers compared and the fact that tourists from big cities prefer short trips
to the countryside (Mikrut, 2016). Four hundred eighty-nine respondents took part
in the survey. The research sample includes 50.28% women and 49.72% men.
Most respondents were 35-44 years old, precisely 25.57% of the respondents. In terms
of economic activity, most of the respondents were employees (61.93%). This was followed
by people from the ranks of entrepreneurs and self-employed, where this number
of respondents was 13.07% of the respondents. Students accounted for 10.51%. This was
followed by others (6.82%), unemployed (3.98%), and on maternity leave (3.69%).

The chart focusing on the use of Internet portals shows that most respondents prefer
the services of Booking.com. This portal is preferred by 84.4 % of respondents. Following
Booking.com is Trivago.com, which is preferred by 60.6 % of respondents, and the third most
used booking portal is Agoda.com, which is preferred by 40.6 % of respondents.

Preference for length of stay shows that the greatest interest, 74.15 % is for short stays.
In contrast, long-term stays represent only 20.17 %. Twenty respondents (5.68 %) have
a neutral towards the length of stay. Some research studies confirm the trend of short stays
(Gricar and Bojnec, 2019).

The most preferred online booking portal is Booking.com. Booking.com provides online
booking services and acts as an intermediary, or "agency model", between guests who want
accommodation and the accommodation provider. The platform incorporates its own research
and sustainability aspects and its own user rating parameters. According to research done
directly by Booking.com (2021), up to 61% of people want to travel sustainably after the
global pandemic Covid-19. Travelers acknowledge that the Covid-19 pandemic has changed
their attitude toward life, which should lead to positive effects on the environment. 73%
of respondents would likely choose the accommodation that had sustainability practices
in place, and 37% of respondents would like online travel booking sites to offer a sustainable
travel filter. Almost 50% of respondents think that travel agents should provide the ability
to filter sustainable offers. In Europe, France, Italy, Spain, Denmark, and Germany are most
interested in sustainable accommodation. Booking.com, therefore, introduces the option
of a "sustainable accommodation" filter, and the next part of the thesis will focus
on this selection.

Based on this platform, the accommodation capacities that this company has in the Czech
Republic and Slovakia are presented. The capacities are presented in terms of sustainable
accommodation types. Specific sustainable capacities are presented in Table 1.
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Table 1. Sustainable accommodation capacities in the Czech Republic and Slovakia (in pieces)

Destinations Czech Republic Slovakia
Type of accommodation:
Apartments 1815 827
Guesthouse 941 233
Hotels 701 203
Vacation Homes 365 162
Homestays 97 40
Chalets 86 70
Villas 68 27
Lodges 40 28
Country Houses 37 13
Hostels 27 16
Campgrounds 25 5
Bed and Breakfast 16 12
Luxury tents 13 1
Holiday parks 10 5
Farm Stays 8 1
Resorts 7 7
Boats 5 0
Motels 4 2
Capsule Hotels 1 0
Total 4266 1652

Source: Booking.com, own processing, 2023

Of the total accommodation capacity of the Czech Republic, which is 15 784, 27.03 %
is sustainable. In Slovakia, out of the total accommodation capacity of 6 996, 23.61 %
is sustainable. Of all the accommodation capacities, the Czech Republic has some
representation in each type of sustainable accommodation. Slovakia has no representation,
in terms of sustainability, of boats and capsule hotels. Again, the status of sustainable farms
on the Booking.com platform could be stronger. This platform offers only eight sustainable
farms in the Czech Republic, which amounts to 0.19 % of the total sustainable capacities
and 0.05 % of the total capacities, and in Slovakia, it offers only one sustainable farm, which
amounts to 0.06 % of the total sustainable capacities and 0.01 % of the total capacities.

As mentioned, 39 farms and 8 (20.51 %) sustainable farms are available from Booking.com
in the Czech Republic. Slovakia offers only three farms, of which 1 (33.33 %) is sustainable.

Based on the above tables, the thesis has data on the capacity of the Booking.com platform
in terms of sustainable farms. Out of the total number of farms in the Czech Republic
and Slovakia (47), only nine farms are registered as sustainable on Booking.com. There may
be many more farms on offer on this platform, but these farms may need to be more
classified, meaning that, for example, a farm is in the category of apartments.

In Table 2, all nine farms are categorized according to the added value they offer to their
customers to stay in the form of experiences. The Table also includes customer reviews.
The average customer rating is calculated directly by Booking.com. The average rating
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is calculated based on the average of all reviews left by customers for a particular property.
The individual ratings reflect the guest experience at the accommodation and form part
of the average rating (Booking.com). The overall score is also included in Table (2).

Table 2. Sustainable farms and their evaluation

Guest

Name of the Sustainable Farm Extra Fun and Relaxation ratings
Statek Keblice (CZ) Yes (horse riding, bicycling, wellness) 94
Hotel Horse Riding — Jezdecky aredl TrSice (CZ) YES (horse riding, bicycling, wellness) 8.6
Penzion Pislikdum (CZ) Yes (horse riding, bicycling) 9.6
Buchtiv statek (CZ) Yes (horse riding, bicycling) 9.1
Farma Slune¢ny dvur (CZ) YES (horse riding) 9.3
Kozi Farma U Nydrli (CZ) Yes (bicycling) 9.2
Farma Zelend Ruza (SK) Yes (wellness) 9.1

Statek Krkavci hora (CZ) YES (horse riding) 9

Statek Kfinice (CZ) Yes (bicycling) 8.7

Source: Booking.com, own processing, 2023

The farms offered by Booking.com are highly rated, with an average score of 9.11 %,
so the best farms were also selected based on the added value they offer to their customers.
In terms of added value, Keblice Farmhouse and Horse Riding — TrSice offer the richest
program. A more modest program is offered to guests by Ktinice Farmhouse or Krkav¢i hora
Farmhouse.

The highest-rated farm and guesthouse were PiSlikdum, rated 9.6 points by Booking.com's
rating algorithm. It is followed by Keblice Farmhouse, which was rated 9,4 points. In Third
place is the Slune¢ny dvir Farmhouse, which was given 9.3 points by the algorithm.
The lowest-rated farms with an algorithm score below 9 were Horse Riding and Kfinice
Farmhouse. Raven Mountain has an algorithm rating of 9.

This sub-objective specifically focuses on a complex set of evaluative. There are a total
of 1040 evaluators in the farm completions. A specific overview of the groups of evaluators
is provided in Table (3).

Table 3. Overview of evaluators

Evaluators . Krkavei Zelna Kozi farma | Slunecny o . .
Kfinice hora Ruza U Nydrli dvir Pislikdum | TrSice | Keblice
Family 6 222 51 0 76 20 26 6
Couple 34 198 55 5 25 5 51 9
Group of
friends 7 17 10 1 6 4 5 5
Individual 11 42 7 2 2 2 35
Business trip 9 26 7 2 5 0 32
Total 67 505 130 10 114 31 149 34

Source: Booking.com, own processing, 2023
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It is clear from the Table that farms are most interested in families and couples. An interesting
part of the Table is the business trips, where people on a business trip choose a farm for their
stay.

For interest, this work also examined the average number of days spent on the farm for each
farm and the category of the group staying. These values (number of nights) can be seen
in Table (4).

Table 4. Average number of days spent on the farm by guest category

Farms

];;yul:; t‘;f Kfinice glr‘a Zl;ll‘;r;a N)’/grlﬁ SDIESI Piglikdum | Trdice | Keblice | Average
Family 3.5 2.7 3.8 0 43 3.5 2,7 3 2.94
Couple 1.4 2.6 3.2 3.8 2.9 2,6 2,5 3 2.94
Group of

friends 2.4 3.2 2.5 2 1.5 3 1 1 2.94
Individual | 2.5 2.6 1.6 4 2 4 3.4 2.3 2.8
Business trip 1.6 1.8 2.5 1 2.5 0 3 2.5 2.9

Source: Booking.com, own processing, 2023

Based on this Table, the author's research confirms that current guest preferences include
more short stays. On average, guests spend three nights on the farm.

Based on the evaluators, mainly those who offered a written review, a Table (5) is compiled.
The first part of the Table (5) identifies the most important factors that the evaluators write
about. The second part of the Table (5), in turn, focuses on specific farms and positive
and negative reviews in terms of their number, and in the third part of the Table (5),
it is already possible to see, on a scale from most to least frequent, the individual factories that
are important to the evaluators.

Table 5. Resulting identification of success factors for evaluators

Type of review
Positive reviews Negative reviews
1. Authenticity 14. Weak Wi-Fi signal
2. Wine and beer tap 15. Bathroom outside the room
3. Entertainment for children 16. Absence of refreshments on the farm
17. Absence of in-room amenities (TV, coffee maker, double
4. Wellness facilities bed)
5. Possibility of shared kitchen 18. Communication with the accommodation
6. Refreshments and restaurant 19. Absence of restaurant
7. Local products 20. Limited contact with animals
8. Cleanliness 21. Unsecured parking
9. Coffee machine in room 22. Absence of a shared kitchen
10. Breakfast available 23. No breakfast option
11. Availability of animals 24. No card payment possible
12. Friendly staff
13. Local experiences (horseback riding,
walking, etc.)
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Specificity of the evaluation

Farm Case number
Kiinice Positive: 1, 11, 12 Negative: 16, 15, 22, 23
Krkav¢i hora Positive: 1, 5, 8, 11, 12 Negative: 17
Zelena Ruza Positive: 1, 3,4, 5, 6, 8,9, 10, 11 Negative: 17
Kozi farma u Nydrla Positive: 1,7, 10, 11, 12, 13 Negative: 22
Slune¢ny dvur Positive: 1, 2, 3,6, 7, 11, 12, 13 Negative: 14, 16, 17, 22, 24
Pislikdum Positive: 1, 2, 3, 8,7, 10, 11, 13 Negative: 22
Positive: 1,4, 7, 8, 10, 11, 13 Negative: 14, 16, 17, 18, 19, 20,
Trsice 22
Keblice Positive: 1,3,4,5,3,9, 10, 11 Negative: 21
Frequency of reviews (1 - frequent frequency)
Positive reviews Negative reviews
1. Authenticity 1. Absence of a shared kitchen
2. Absence of in-room amenities (TV, coffee maker, double
2. Availability of animals bed)
3. Breakfast available 3. Absence of refreshments on the farm
4. Entertainment for children 4. Weak Wi-Fi signal
5. Local products 5. Bathroom outside the room
6. Cleanliness 6. Communication with the accommodation
7. Friendly staff 7. Absence of restaurant
8. Local experiences (horseback riding,
walking, etc.) 8. Limited contact with animals
9. Wellness facilities 9. Unsecured parking
10. Possibility of shared kitchen 10. No breakfast option
11. Refreshments and restaurant 11. No card payment possible

12. Wine and beer tap

13. Coffee machine in room

Source: Booking.com, own processing, 2023

From the user review texts examined, it became apparent that within the positive responses,
the greatest concern was that the stay be authentic for visitors. This is a long-standing
phenomenon, as authors such as Judd and Fainstein (1997) and MacCannell (1999) see
the essence of travel as finding authenticity, and Novy (2011) confirms this. Przywara (2013)
adds in terms of economics and business opportunities that the desire for authentic
experiences leads to creating new products, and the concept of "like a locale" is experienced
in travel. Food and refreshments are another important part of the reviews. The reviews show
that people appreciate the originality and local products within the farm's snack menu, but
at the same time, in the absence of snacks, they are disappointed. In today's form of tourism,
people often travel for food as well, as confirmed for example by (Long, 2004), and food
often directly completes one of the main experiences of tourists (Kivela and Crotts, 2006).
Food can also become a main motivator of a tourist's trip (Halls and Mitchell, 2005).
And it turns out that this phenomenon is also long-term, as confirmed by Seaman (2022).
Local products appear to be one of the highlighted landmarks within the refreshment sector.
Some research also confirms that this phenomenon, in the form of the popularity
of the localness of ingredients, is typical in different parts of the world (Lozanski, 2020
and Seaman et al., 2023). Common cuisines also seem to be an interesting component
of the reviews. In the case of shared kitchens in the accommodation, guests appreciate it,
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but in the absence of shared kitchens, they are dissatisfied. There is logic to this as well,
as there may be an absence of any form of refreshment in the accommodation, and then guests
may find a kitchen to prepare their own meals useful. Furthermore, some guests were
not satisfied with the communication offered by the accommodation. Communication
with clients is one of the most important parts of the tourism industry (Melovic, 2023),
where social networking can work great in communication (Wen-Kuo, 2023). Some guests
were not satisfied with the way of payment options in the accommodation facility,
where some facilities did not allow card payments. Yet, it is the convenience of the payment
system that is increasingly seen as an advantage for tourist destinations (Ramos, 2022).

According to Vaishar and Stastnd (2020), the COVID-19 pandemic has created
an opportunity for the development of rural tourism aimed primarily at domestic tourists
with the possibility of expansion to foreign clientele. In addition to greater safety, rural areas
can offer greater added value to their visitors in terms of culture, history, nature,
or gastronomy. According to the authors, cooperation between stakeholders in this area
is important. For example, agritourism is attractive because it offers experiences in the field
of agriculture and tourism, where agricultural products can be enjoyed together
with the services provided. In this case, agricultural (agro) holdings are synonymous
with attraction. In the case of agritourism, it is very important to preserve local and soil
resources and take care of the environment (Evgrafova et al., 2020). The issue of tourism,
sustainability, educational safety, and environmental attractiveness seems to be linked
by the concept of multifunctionality. Multifunctionality links sustainable agriculture, food
security and territorial balance (Hollander, 2004). Multifunctional agriculture improves
ecological stability and biodiversity (Félix et al., 2018), benefits a wide range of human
populations (Bernués, 2019) and transcends natural hazards. Some farms can also produce
renewable energy (Agus et al., 2020). Thus, multifunctional farms can offer different products
and services, such as festivals, tastings, and farmers' markets, depending on customer demand
and other agritourism activities (Niedbata et al., 2020; Fagioli et al., 2015). However,
with so many activities, it is necessary to think about the sufficient space that the farm can
offer and about the availability of personnel. Farms can also offer special educational
activities that include courses or workshops, topics related to agriculture, but also dealing
with rural crafts, cooking or excursions to the countryside (Chou et al., 2017). Educational
activities can also be related to specific activities such as butter making or beekeeping.
According to the author's research (2022), linking destination offers with travel agency
services appears appropriate. Some people prefer to have a tailor-made trip, and it is travel
agencies that can facilitate access to the destination's offer for some customers.

4. Conclusion

Booking.com is the most popular and popular booking portal. However, especially in recent
years, there has been interest in the so-called Airbnb booking portal, which falls under
the principles of the sharing economy, and this thesis has yet to work with this topic.
Nevertheless, it appears, also from user reviews, that people are interested in sharing services.
In the reviews, this was reflected specifically in the shared kitchen. Thus, there is room
for further research here, where the environmental aspects and sustainability
of accommodation within the sharing economy can be investigated specifically. Also, based
on Booking.com data, in the Czech Republic and Slovakia, the largest supply
of accommodation is in Apartments and Guesthouses or Vacation Homes, which are close
to the sharing economy.
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Another trend that has been confirmed in the work is the interest in short stays. Within
this thesis, the average length of stay within farms has been shown to be three days across all
levels of guests. Within the guest levels, families with children or couples are most interested
in staying on farms. Where shortcomings can be seen is in the actual offer of farm
accommodation on Booking.com. Some farms do not meet the principles of sustainability,
and others are not registered as farms or as sustainable farms on Booking.com for change.
For example, there is only one sustainable farm in Slovakia, which seems odd. In the Czech
Republic, eight sustainable farms are offered through Booking.com. Here the author finds
opportunities to improve education for both farms and guests. The farms could educate
themselves more in online offerings, where they could start to cooperate with Booking.com
and thus secure potential new clients. At the same time, guests on individual farms will also
be educated through traditional and modern methods of farming and working in both crop
and livestock production.

The main guests on the farms are families with children. In the context of sustainability, farms
can be wused to educate about sustainability and the understanding of nature
and the environment as a source of factors for us and future generations that need to be
protected. Authenticity also plays a big role in farm travel, where guests can live like
the locals for a while and have similar experiences and situations. There is potential
for education here, too, especially for farm guests who are originally from cities. On the farm,
there is the opportunity to see a different life from the urban one and the chance to learn new
things and a new understanding of the nature of nature. Finally, the dining experience
is a very important part of the guest experience, with people being interested mainly in locally
sourced produce and thus supporting local producers.

The work has therefore opened possibilities for further research and areas such as the sharing
economy, agritourism and food tourism. Authenticity in tourism or destination security
management is also an interesting topic. This survey was a pilot study within one booking
portal, and other farms that do not use booking.com will be surveyed in the future. A similar
survey is planned, which will be expanded to include other review sources and states,
increasing the volume of respondents many times over. Future research is also planned to use
selected software.
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Annotation: To remark lessons that indigenous communities can teach about agrobiodiversity,
conservation and sensitivity in natural environments, which can be useful for teaching in public
universities Data/Methods: Qualitative methods that includes participant observations, semi-
structured interviews and seminars held at Charapacocha’s Achuar indigenous community
and other Kichwa communities, aiming at promoting public discussions on critical knowledge
that can serve to university and students’ connection with their homeland, languages
and spiritualities, and in appreciation of their traditions and community agencies. We also
discussed the issues with non-academic persons, especially from the Confederation of Indigenous
Nationalities of the Ecuadorian Amazon (CONFENIAE), which has its headquarters in Union
Base, near Puyo, and that has a branch of activities on intercultural education.
Results/Conclusions: agrobiodiversity richness and the situation, problems, needs and aspirations
of the community are identified, and a zoning of the territory is outlined. In the areas
of opportunity generation, environmental management, human, social and political-administrative
development, the community considers the main strengths are the practice of poultry farming,
agriculture adapted to the environment, fish farming, sustainable agroforestry resources,
the maintenance of culture and the development of handicrafts. The most significant weaknesses
are lack of public health, concern to increase agricultural production for the market, indiscriminate
logging, plant diseases, lack of personal interest in resource management, difficulties in marketing
and supply chains, and long distances to any market. The greatest threat is considered to be
the extension of the oil frontier over the territory. It is concluded that the intersectionality that
affects the indigenous people is more serious because they are located in a territory in demand
for oil exploitation; however, the cultural tradition of managing agrobiodiversity and resources
of the Amazon Forest should be encouraged, respected and known in university studies through
experiential experiences.

Key words: Indigenous communities, agrobiodiversity, intercultural education, public health, oil
exploitation, decoloniality, Ecuadorian university

JEL classification: Q57, Q19

1. Introduction

The Ecuadorian Amazon region is occupied by 11 Indigenous groups that know, use
and transform the forest in unique ways according to their own worldviews. Their knowledge
could be considered in universities curriculum, both, for research proposes and for help
to communities to build better economies. In Pastaza province, seven Ecuadorian Amazonian
Indigenous people (Shuar, Achuar, Shiwiar, Andwa, Kichwa, Sapara, Wao) are a part of those
4.5% indigenous people that have preserved 80% of biodiversity in the word, considering
the knowledge, agricultural practices and local resources to satisfy every family’s needs
(Begossi and Dias de Avila, 2003; Iwamura, et al., 2014; Mistry and Berardi, 2016), because
biodiversity is the result of knowledge, convivence and agricultural practices
of the Indigenous people in the forest in all over the world (Escobar, 2011), and is particularly
important in a country that constitutionally protects plurinationality and officially seeks
to promote a change in the productive matrix, from one that depends on polluting extractive
activities to one that uses bio-knowledge and the wealth of native renewable resources.
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In Indigenous communities, subsistence activities are agriculture, gathering, hunting,
and fishing; the economy of other groups has diversified with the commercialization
of agricultural and forest products, as well as paid employment (Thiede and Clark, 2019).
Also, the close health-nature relationship can be understood through agrobiodiversity
practices, the exercise of traditional medicine in shamanic knowledge systems, which
involves territorial sanitation and legalization, land management and resource use; when these
aspects are agreed in a co-management of protected areas and Indigenous territories,
the health-territory relationship is also evident (Berlowitz, et al., 2023).

The biodiversity of the earth encompasses all existing forms of life and varies according
to the different regions of the planet, but it is much greater in tropical and subtropical areas
than in temperate or cold (frost) climate zones. This biological biodiversity, which is not static
but dynamic, is responsible for maintaining the balance of the ecosystems that allow
the human species to survive, which paradoxically has become the main threat to its
destruction through acts such as arson, indiscriminate logging, climate change, etc. (Latham
et al., 2014).

Ecuadorian Amazonian Achuar and Kichwa communities, as reproductive agents
of adiscourse of domination that articulates the construction of subjectivities, are
simultaneously active actors in a space of struggles and social tensions. Indigenous
communities construct its historical narrative by appropriating and reproducing
the savage/civilized binary logic to reclaim its sense of belonging and social cohesion
(Burgaleta et al., 2018). Presence of this communities in the jungle, supporting over 4000 mm
of pluviosity per year, show the deep experience in agricultural systems into tropical rain
forest.

We used a qualitative analysis of the reality in process, seminars held at Charapacocha’s
Achuar indigenous community and other Kichwa communities, recovery of oral history,
participant observation, and semi-structured interviews applied to heads of families
and community leaders. As results, we identified agrobiodiversity richness, struggles
and aspirations of the communities who propose outlines of zones in the territory. The results
allow us to affirm that the communities maintain their identity and their systems
of knowledge of the Amazonian environment, on whose conservation they depend, factors
that must be studied in universities in the Amazonian area that allow mitigating the effects
of extractive and polluting activities that threaten the environment and culture in the region.

The aim of this research is to observe the lessons that Indigenous communities can teach
about agrobiodiversity, conservation and sensitivity in natural environments, which can be
useful for teaching in public education.

2. Materials and Methods

The study communities are located in Pastaza province; Charapacocha, the Achuar one,
is near Pastaza River; the other kichwa communities studied are located in the southwestern
portion of the "northern Amazonian corridor Lago Agrio-Tena-Puyo", in the Anzu River
valley, a territory of ancient kichwa origin, a colonized area. The Anzu valley extends over
two provinces, Pastaza and Napo. Each province has a capital city, which is an urban parish
and cantonal capital; the main health services, education, banks, markets, as well as the public
universities located in Puyo (Universidad Estatal Amazoénica, founded in 2002) and Tena
(Ikiam, founded in 2013) are located there. Major road networks and public transportation
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link the provincial capital cities. The Amazonian region is occupied by oil camps, mining
areas, contamination sites and natural protected areas, over indigenous communities
(Figure 1).

Figure 1. Communities in study
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Among Amazonian cities, originally indigenous territories that were colonized, there are still
communities in the rural sector. Six communities located in the ancestral territory
of the native Ecuadorian Amazonian Kichwa nation are studied, from Tzawata,
in the northeast, to Veinticuatro de Mayo in the southwest, located in the lower, middle
and upper levels of the Anzu River valley; the communities have been settled since the end
of the 19th century and come from the Napo province. The only exception is Unidn
de Llandia, which has a larger population of migrant farmers from the Inter-Andean region
or Sierra, as a result of the colonization process of the 1960s. Achuar community has
the origin in ancestral Jivaros families. They are rural communities, representative
of indigenous people and express a vulnerability gap in relation to the development initiatives
implemented by the governments and planning units.

Before the Covid-19 pandemic, the study included visits to the communities, seminars
and workshops around styles of live and community planning, interviews with community
authorities and semi-structured interviews with heads of household, with 62 quantitative
and qualitative variables related to aspects of agriculture, social, economic, cultural
and organizational dimensions. From the joint analysis of the data collected, the results
of the strategic diagnoses of the social, organizational and integrated system are presented,
with the structural and conjunctural keys.

Charapacocha, the Achuar community, is just accessible by river or air, so is not crossed by
roads. The six Kichwa communities investigated are not accessible by roads neither: Tzawata
has similar characteristics to the Chukapi community in the lower part of the valley. Wayuri,
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Flor de Bosque and Boayaku have similar characteristics to the communities of San Rafael
(Kushillu Urku), San Juan de Piatda (Yayayaku) and Sacha Warmi (Shamato) in the middle
portion. Veinticuatro de Mayo is located in the upper part of the valley. The remaining
12 villages in the Kichwa zone are not part of the study, eight of which are crossed
by the road, including the two municipal capitals, with access to services, trade relations
and land legality. The Llanganates National Park is located to the west, above the 1,400 m
elevation.

3. Results and Discussion

Communities more near roads are specializing for markets with the agriculture production
and fewer products, losing some ancestral varieties of Manihot sculenta, per example. While
in remote communities there are 20 varieties, in the communities close to markets there are
just four, demanded for markets. Communities however have around 50 alimentary species
in cultivation. In all the communities in study, every family has alimentary sovereign based
in associating cultivars called chacras. Usually there is only one chacra (60% of the cases),
two chacras (30%) or up to 3 chacras (10% of the cases), with associated crops of yucca
(Manihot sculenta), plantain (Muss ssp.), orito, papachina, sweet potato, potato (tuyu), pelma,
cane, naranjilla, Chinese onion, white onion, chonta, orange, mandarin, avocado, zapote,
cacao, pineapple, guaba, machetona, grapes, papaya, caimito, chilli, barbasco, medicinal
plants, piripri, ginger, tomato and others. In Charapacocha, chacras were mentioned as being
in use for up to 10 to 12 years, but they are usually left to rest after 5 or 6 years of production.
In any case, they are used again up to two more times, once 3, 4, 5 or 6 years have elapsed,
either as a subsistence farm or to establish peanut, corn, bean crops, with 2 annual harvests
for corn and 3 for peanuts and beans, in proportions ranging from 20 pounds to 2 quintals
of corn per harvest, 10 to 50 pounds of beans and the same amount for peanuts. In fact,
they indicate peanuts, beans, maize, mandarins and oranges as the most important products
for sale. No other technical assistance is reported.

The most prevalent farms or orchards, in terms of size, are about 60 m x 60 m, sizes can range
from 20 x 20 to 80 x 80, without needing to be so regular. Once in production, the farm
is harvested weekly for family consumption.

In general, there is little commercialization, so there is no agreement on the selling prices
of the products, with the result that the selling prices in the community are more expensive
than those offered in Puyo, an area with transport facilities. The price of the products
and the difficulties and increase in the cost of air transport are affecting the possibilities
of commercialization. The community thinks that access to tourism can facilitate local sales
to tourists, in this case, production can increase at the level of the family plots and whether
raw or prepared products can be offered.

The production of small animals is established especially with chickens, for consumption
and for local marketing. During the workshop it was mentioned that there is a smaller
production of cattle for marketing outside the community, but none of the respondents
mentioned working with larger livestock. Another product that eventually tends to be sold
outside the community is parrots, which are captured as chicks and then raised in the houses.
Dogs are also bred for care and hunting.

In comparison, also in the province of Pastaza, the Kichwa community of Lorocachi, also
in the lowlands of the Ecuadorian Amazon, reports 107 species cultivated in gardens,
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of which 63 are food, 15 are medicinal, 6 are flavoring, 3 are cosmetic, 19 are ritual and one
is toxic (Vacacela, 2013), evidence that in general the Amazonian indigenous nationalities
have a broad domain over native plant species, and thus ensure the richness of biodiversity,
as it encompasses culture and territory in local communities (Escobar, 2002; Alvarez
and Shany, 2012; Martinez, 2012).

The Kichwa originally look with sadness on families that have fewer children because they
have less possibility of sharing the joy of children, less wealth, prestige and possibilities
of control over resources in the vast ancestral territory (Walrod et al., 2019). Compared
to the 7% who self-identify themselves as indigenous at the national level (INEC, 2010),
in the communities under study, according to the questionnaires applied, 31% self-identify
themselves as mestizo population and 69% as kichwa, evidence of identity, of belonging
to the original nation. The Achuar and the Kichwa culture are still alive in the communities,
with their way of life, treatment of the environment, farms, cultural healing ceremonies
and evidence of the ancestral territories in petroglyphs (Bautista-Valarezo et al., 2021).
The settler farmers who live in the area have also contributed with their cultural traditions
brought from diverse origins (Poirier and Neufeld, 2023).

The forest is an important source of food, handicrafts, construction and other resources.
In the family territories, that is to say, in the family farms - which, although they are not under
an individual legalized title, are accepted and respected by the other members and their
possession and usufruct is guaranteed by the board of directors - there are resources
for the collection of toquilla straw, turuji (ucsha), chapi (chincha), kundasc, Tuntuam, Awan,
and animals such as paujil, toucan, sahino, night turkey, pahua, armadillo, guanta, danta,
parrots, partridges, squirrels, turtledoves, monkeys.

There are medicinal plants such as cat's claw, sangre de drago, cedar itself, basil, avocado,
lemon verbena, papaya, cinnamon, wild garlic, sour cane, ginger, guava.

All families collect mukindi (palm worms in achuar name or chontacuro in kichwa name)
in any month of the year, with a frequency of one to two times per month up to 3 to 6 times
per year, in quantities ranging from one to ten pounds; mushrooms and ungurahua
in any month but especially in February and May respectively, are also collected by all
families at least once a year; mushrooms will not reach one pound and in the case
of ungurahua a basket or 30 to 40 pounds in weight is reported. The next most important
mushrooms harvested are guaba de monte (September to January) and morete (any month,
especially May) with 90% of occurrence, at least once a year. Chonta (January to March)
and basket vines (any month) follow in order of importance with 80 % of collection
in the families, once and 2-3 times a year respectively. Ranas (February), coco de monte
(March) and uvillas (January) are collected in 70 % of households. Capuli (March) and coco
de monte is collected in 50 % of the families. The least collected are bush peanuts, tagua
leaves and turuji for construction, with 10 % each. At least one collection per year is always
reported.

Of the products mentioned, only turuji, bush peanuts and frogs are not harvested from trees.
Obviously the worms are collected from cut palm trunks, but in order to harvest many
of the fruits, the trees are also cut down according to the surveys, so, with respect to the total
number of families that harvest each fruit, Thus, with respect to the total number of families
that harvest each fruit, we have that uvilla trees are felled in 100% of the cases, capuli 80%,
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morete and guaba de monte 78%, ungurahua 70%, coco de monte 57%, cacao de monte 40%,
chonta 38%, to collect lianas 13% of the cases are felled, and to collect tagua and pick
mushrooms 10%.

The time spent collecting fruit depends more on the distance to the resource. The shortest
times (half an hour to two hours) are indicated for lianas, chonta, frogs and mushrooms,
if the resource is further away it takes longer, up to 3 to 5 hours. For tagua, ungurahua, uvilla
a whole day is indicated for collection.

The communities with older colonization have a high rate of illiteracy, 34% Kichwa and 66%
mestizos according to self-definition. In terms of education levels, the majority of informants
who are heads of household completed primary education (45%). In Boayaku, a mestizo
informant with completed higher education acquired a plot of land in the community after his
retirement and was appointed president of the community in 2012. In Flor de Bosque another
Kichwa teacher, with complete higher education, and his son, were admitted in 2012
as community members although they live in Quito; information from them offers
a perception of better housing conditions. The Wayuri and Flor de Bosque families who
remain in the Santa Clara municipal capital for their children's education report these housing
conditions. The most widespread service is electricity, as opposed to sewage or sewerage.
Telephone or internet does not exist, but Boayaku declared having the future possibility
of community internet access by state provision. In Charapacocha, Achuar community,
there are not electricity or other type of infrastructure for internet or connectivity.

In general, access to all resources is free and depends on the emphasis, the work that each
family puts into obtaining them. There are no prevailing conflicts because resources are still
considered to exist, although occasionally hunting sites may extend beyond the community
territory, which could lead to unwanted conflicts with other communities. The extension
of hunting territories even outside community boundaries leads to reflection on their
vulnerability. Population growth and over-hunting and over-fishing, in fact, have shown that
resources can be scarce in nearby areas and are therefore becoming increasingly distant.
The community has discussed not overhunting and overfishing and looking for other
strategies such as reforestation or replanting felled trees.

For hunting, cultivation and conservation proposes, communities consider to establish zones
for urban expansions, recollection — fishing- cultivation and hunting, and zones for preserve
sacred places and environment.

In general, analyzing conditions of life, Charapacocha finds the areas of opportunity
generation, environmental management, human, social and political-administrative
development, the community considers the main strengths are the practice of poultry farming,
agriculture adapted to the environment, fish farming, sustainable agroforestry resources,
the maintenance of culture and the development of handicrafts. The most significant
weaknesses are lack of public health, concern to increase agricultural production
for the market, indiscriminate logging, plant diseases, lack of personal interest in resource
management, difficulties in marketing and supply chains, and long distances to any market.
The greatest threat is considered to be the extension of the oil frontier over the territory.
It is concluded that the intersectionality that affects the indigenous people is more serious
because they are located in a territory in demand for oil exploitation; however, the cultural
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tradition of managing agrobiodiversity and resources of the Amazon Forest should be
encouraged, respected and known in university studies through experiential experiences.

4. Conclusion

In the face of sectoral and territorial policies, centralized and decentralized structures, both
in management and planning, it is necessary to privilege and build a management model
in which communities feel comfortable, secure, represented, with their voice, as subjects
of their present and future, not as objects of external development plans. Communities have
their own criteria that best represent their interests in collective and family well-being.
The evaluation models must be dual: built from quality indicators, control and evaluation
formulated by the communities, and, built in an accompaniment that allows to have a follow-
up of the process to learn, unlearn, re-learn how to build solidarity territories for the well-
being of the population.

Only the construction of management and evaluation models implies a great effort
of openness, inclusion, democracy, diversity in the multidimensional space of the tropical
rainforest, where all lives exist and interrelate with all cultures, in the course of time.

There are a lot of experiences, knowledge, sensitives that must be explored and integrated
into academic discussions.
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Annotation: This study was conducted in 2022 with a survey of 25 new IT agro-technologies
suppliers from seven European countries to answer the questions about their point of view
on current new ICT provided to farmers, their professional training programmes offered to clients
and then to define education needs of farmers to enhance the adoption of new ICT agro-
technologies. Results show that though there are many training programmes offered by suppliers
through different forms, farmers still lack technical skills and ICT technologies knowledge
for a better application of new ICT agro-technologies due to the complexity of the products.
Therefore, the adoption of new technologies in agriculture is clearly linked to a better education
in this field.

Key words: precision agriculture, farmers’ needs, education, agro-technologies suppliers, ICT

JEL classification: Q19, Y90

1. Introduction

New technologies, and more specially digital technologies, are now spreading in all fields
of human activity, including agriculture (Birner et al., 2021). There is a common agreement
among the agricultural society that innovative use of information and communication
technologies (ICT) could be considered as a solution for agricultural development in order
to feed an extra two billion people by 2050. The potential use of these technologies is rather
broad, as they could really contribute to face the main problems of agriculture: environmental
negative impacts on air, water and soil quality, biodiversity reduction, and also farm
profitability, as well as the disappearance of a lot of farms and the decline of the agricultural
population (Van Es and Woodard, 2017; Batter and Ehsani, 2006).
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With an idea that the Fourth Industrial Revolution has the power to change things across
a broad spectrum of the society and schools and other executives need to be ready, the Project
“Future IT for farms” (ITFARM) funded by ERASMUS+ was launched in early 2022
with its primary objective of making science available to farmers so that they can understand
it and be able to respond to the innovative demands of digital society. To do that, apart
from demand side (as farmers), understanding the education needs of farmers and current
training programmes provided by new agro-ICT suppliers (supply side approach) is a must.

Acting to reach the abovementioned purpose, a survey was therefore organised to investigate
the new ICT agro-technologies suppliers point of view on current new ICT provided
to farmers and their professional training programmes offered to clients, and then to evaluate
and define the demand of farmers on training programmes.

2. Materials and Methods

The study was designed into three steps. The first step was to gather secondary data
on an overview of ICT agro-technologies suppliers in precision agriculture in Belgium,
Bulgaria, Czechia, Greece, Hungary, Ireland and Italy. The second step was designed
for a primary data collection through a survey in above mentioned countries with a semi-open
questionnaire. Based on the data of desk research and suppliers survey, the project partners
conducted an analysis and wrote a final report with recommendations for improvements.

Sample size

For the primary data, from a semi-open questionnaire, at least three agro-techno input
dealers/suppliers, involved in precision agriculture products value chain in each country were
chosen, including:

*  One input dealer;

*  One service provider/consulting firm;

* One digital machine/robotics manufacturer (if any). In case there was
no technology/machine/robotic manufacturer in the country, one additional dealer
was needed.

A total of 25 technology suppliers were chosen for investigation, of which there were six
from Belgium, four from Bulgaria, three from Czechia, three from Greece, three
from Hungary and nine from Italy. Due to the difficulty of approaching and considering
the size of the country, Ireland was an exceptional case to collect only two samples.

Data collection and analysis methods

The collection of secondary data took place through means of desk research in the first half
of 2022. Key informant interviews (KPs) and focus group discussions (FGDs) tools were used
for primary data collection from ICT technologies suppliers which was implemented
from April to July of 2022. Qualitative method was applied to analyse the collected data.

Scope of the study

Considering the vastness of ICT application in agriculture, the study focused only on ICT
technologies applied in precision agriculture.
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3. Results and Discussion

a. Precision agriculture and ICT supplied in the studied countries
Precision agriculture (PA), also considered as precision farming, smart farming, site-specific
crop management or satellite farming, is a farming management which uses information
technology (IT) to ensure agricultural more productive and more profitable practices
and environmental protection by adjusting the exact input level in the site-specific field
of agriculture (Kritikos, 2020; Toriyama, 2020).

European precision agriculture started in the end of 1990s and early 2000s after almost twenty
years of existence in the United States. Precision agriculture technologies have been then
strongly developed since 2014 in the continent thanks to several promoted programmes
of the European Commission and the participation on R&D of public and private sectors
(BBC, 2021).

Following the strategy of EU regional policies, Belgium, Bulgaria, Czechia, Greece, Hungary,
Ireland and Italy also participated in PA in the end of 1990s or early 2000s by an investment
in crop production management such as mapping crop yields, systems for diagnosing
the cultivation conditions and use of lightbar displays for fertilizer spreading. Since 2015,
revolutionary progress in ICT imposed the second wave of PA in these countries (BRNO,
2021; Bogaertin, 2015; Takécs-Gyorgy, 2017; ISPA, 2023). ICT, according to Bucci (2018)
and Rouse (2005), is defined as a digital processing and utilisation of information by any
communication device such as radio, television, cellular phones, network hardware
and software, satellite systems or application to computers. This process comprises
the storage, retrieval, conversion, and transmission of information by the use of electronic
computers. The application of ICT in precision agriculture is very promising with
an enormous advantage for the whole agro-production chain which could be a solution to feed
enough a fast growing population while ensuring a sustainable environment (Bucci, 2018;
Fernando, 2018; Zhuhadar et al, 2017).

From their first creation which focused on crop production management, PA technologies
now spread widely to all sectors of agriculture including livestock, horticulture, arable land,
and aquaculture. Agricultural machineries equipped with ICT devices are now also available
for a better result of PA practices on the fields. Current ICT technologies supplied
in European market include guidance systems as automatic control system (guidance
and steering, GSP, drones, flow devices, etc.), variable rate technology, remote sensing
and monitoring devices (yield monitoring, soil, water, climate) (Market data forecast, 2023).

From survey results of the study we found that almost all of latest ICT technologies are
supplied in the studied countries for grass yield monitoring, animal behaviour, animal health
and welfare, feed management, weight management, automatic milking systems, field
mapping with GIS, yield monitor and data analysis, seeding management tools, weather
connected stations etc. While Greece, Italy and Ireland suffer a considerable delay in the use
of PA ICT technologies, Czechia and Belgium mark a better adoption compared to Bulgaria
and Hungary thanks to large area farms and sufficient capital to acquire expensive
technologies (Bucci, 2019). Apart from the main constraint of new ICT adoption in PA
assmall farm areas and short capital investment, the lack of technological knowledge
and technical skills of farmers/ICT users is one key problem for low adoption of precision
farming technologies in general and in the studied countries in particular.
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b. Training provided by suppliers for ICT agro-technologies farmers/users

i. Overview of ICT education in agriculture

The application of ICT in agriculture has been rapidly increasing since several years which
requires an urgent improvement of agricultural workers’ skill and knowledge. Many
education programmes have been launched in Europe to enhance agricultural workers’
competence for digital transformation (Udemezue, 2019). Short and life-long courses are
designed for many levels such as under and post grades at universities or basic/intermediate
specific training at professional schools, training organisations, extension services,
traineeships, Vocational Education and Training organization (VET). Participants as future
farmers, farmers, students, trainers, advisers, etc. can choose different places for their learning
suchlike farming community, advisers, educational and training organisations, farm suppliers,
agricultural organisations, research and technology organisations (EIP-AGRI, 2020).
Teaching forms are abundant, from traditional (face-to-face) to virtual classes, e-learning
and blended training (Europarl, 2023). Learning topics are not only focused on a single
subject but on a package as one side does not fit all for farmers’ upskills purpose. However,
the content level is usually too high for the users, which leads to an inefficient knowledge
transmission. Education and training are organised under both formal and informal forms,
of which formal education mode is mostly used to transfer advanced ICT technologies
by experts due to their complexity that requires experts’ knowledge (Venkatram
and Sakthirama, 2018).

ii. Training provided by suppliers for ICT agro-technologies farmers/users
in the a studied countries

New ICT agro-technologies have strong impacts on farmers’ production effectiveness.
Through the support system of ICT agro-technologies, farmers can take a better decision for
their activities (such as time schedule according to weather forecasts), as well as improving
their product quality (by using exactly the due input quantity). However, advanced ICT
technologies are also well known due to their complexity which requires a basic technological
knowledge and skills of users. Taking into account this important point, ICT agro-
technologies suppliers in the studied countries therefore usually provide training for their
clients (Table 1).
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Table 1. Training provided by ICT agro-technologies suppliers

Training form
Case-by- After-sale New Periodic Others
Country case product product technical
promoting repeated
training training
Belgium 70% dealers to | 30% dealers to 100% Service Occasional by
buyer buyer Manufacturers providers to extension
farmers/users farmers/users to dealers buyer services to
farmers/users current and
future buyers
Bulgaria 30% 20% 20% 20% 10% (extension
service)
Czechia Mainly Mainly Sometimes N/A N/A
Greece Mainly Mainly N/A Sometimes N/A
Hungary Mainly Mainly Sometimes N/A N/A
Ireland Mainly Mainly N/A N/A N/A
Italy >50% 33% N/A 20% N/A

Most of suppliers provide ICT agro-technology training to their clients except in Greece.
In Belgium, trainings are clearly organised differently by type of clients. While 100% of large
manufacturers occasionally provide training to dealers via demonstration events for a new
product, small manufacturers and dealers organise training for farmers individually (70%)
under the forms of case-by-case basis and after-sale product, or for groups (30%)
as demonstration. In Bulgaria, Czechia, Hungary, Ireland and Italy, suppliers organise mixed
forms of training including individual case, after sale services and new products
demonstration. Manufacturers also organise themselves periodic trainings as demonstration
events in order to introduce their new techniques in specific places.

Training for individuals is usually organised into two phases. The first phase plans
as installing machines for farmers, the second phase will be implemented by telephone
guidance during utilisation. Service providers organise periodic trainings to farmers
with the facilitation of ICT machine suppliers who demonstrate their techniques.

The survey results also show that ICT technologies suppliers provide different kinds
of training to their clients. This finding is similar to the previous study conducted
by The European Innovation Partnership (EIP-AGRI, 2020). While large manufacturers
usually give training through new ICT technologies demonstration events to their dealers,
small manufacturers provide training directly to their clients as dealers and ICT technologies
users. It is evident that machine suppliers are only offering training related to their products,
while ICT users’ knowledge and skills required to assess new technologies are not really
concerned, though there is a purpose to simplify as much as possible ICT technologies
to farmers/users.

Training is freely provided by ICT agro-technologies suppliers to their clients in Belgium but
in other studied countries, suppliers are fully or partially paid for the training services,
or financed by third parties, except in Greece where the cost is borne by the customers.
If training is organised by extension services, participants might contribute a small fee
in Belgium.
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Trainings are mainly offered on demand with a duration less than one day (as a couple
of hours or half a day) and sometimes one to two days. Trainings rarely take place
for a duration of three days to one week at clients’ places and they never last longer than
a week (Table 2).

Table 2. Training duration provided by ICT agro-technologies suppliers

Training duration

Country <1day 12 days 3dayslweek | >1week

Belgium Mainly Sometimes Never
Bulgaria Mainly Sometimes Never
Czechia Mainly Sometimes Never
Greece Mainly Sometimes Never
Hungary Mainly Sometimes Never
Ireland Mainly Rarely Never
Italy Mainly Sometimes Rarely Never

c. Training/education lacking the most of ICT agro-technologies farmers/users

Trainings provided by ICT agro-technologies suppliers are focused to their products rather
than the specific needs of farmers. All suppliers agreed that in the long run, the training
programmes are profitable for their companies. Regarding to the areas of training that are
lacking the most, it is needed to note that the main problem is the lack of qualified staff
and specialization in some countries.

According to suppliers, there are too many ICT programmes on the market and it is difficult
to know what farmers need to receive. However, all of respondents agreed that training
on basic ICT tool use, farm management system, data management, high-tech products
and tools, software, navigation, autonomous machines, sensors, cloud technologies, practical
skills in digitization, and economic and environmental benefits of introducing agriculture 4.0
in the farming industry are farmers’ needs.

4. Conclusions

Based on the findings from the desk-based and field-based research it is evident that
the introduction of ICT technologies in precision agriculture is continuously progressing.
While there are many different technologies available on the market, the demand is still not
equal to the offer, as skills of the farmers are not yet sufficient to comply and meet the offer.

On the other hand, suppliers offering different ICT services and products are offering specific
training limited to their products, while there is still a lack of adequate and efficient training
programmes for farmers providing knowledge and skills required to assess the need
and importance of introducing new technologies in their activities.

Training is considered to be important, as suppliers equip their clients with tools improving
their decision making related to profit and effectiveness of the processes. Consequently,
the adoption of new technologies in agriculture is clearly linked to a better education
in this field.

It is recommended to ICT educational organisations and agricultural institutions for ICT
promoting: 1) To establish relationships with selected ICT suppliers to prepare training
material for related users and afterwards, to directly organise trainings as a consultancy;
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2) To create a source of references on current existing ICT technologies and new tendencies
so that both suppliers and farmers can access and easily update their information.
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Annotation: The objective of the paper is to assess the effect of the Accompanying Educational
Measures (AEM) of the Slovak School Scheme on the change in average frequency of fruit
and vegetable consumption among children in preschool establishments and primary schools
participating in the fruit and vegetable subprogram from 2017 to 2022. The School Scheme aims
to encourage children to adopt a healthy diet and lifestyle by distributing and providing fruits
and vegetables to participating schools and implementing AEM, which can include activities such
as farm visits, school gardens, cooking workshops, and games. The study used data from a 2022
survey of parents of children from a representative sample of 80 selected schools in Slovakia,
including kindergartens, primary, and secondary schools. The analysis focused on 1,429
respondents whose children attended schools participating in the fruit and vegetable subprogram,
with 42.9% from schools with at least one AEM intervention, and the remining from schools
without any intervention. The study employed a counterfactual approach and propensity score
matching (PSM) to create a control group and estimate the average treatment effects of the AEM.
The study found that the AEM conducted under the EU School Scheme in Slovakia had a positive
effect on the frequency of consumption of fresh fruits and vegetables by children, particularly
on fruit consumption among boys and older children. However, the effect on vegetable
consumption was less consistent across regions and demographic groups. The findings suggest
the need for more intensive implementation of AEM and tailoring to better address the unique
needs and preferences of different groups of children.

Key words: fruit; vegetable; EU School Scheme; accompanying educational measures; children;
Slovakia

JEL classification: D12, C14, C31, 128

1. Introduction

The EU School Fruit, Vegetables, Milk and Dairy Products Scheme has been implemented
in the EU, including in Slovakia, since 2017/2018 as a joint program of previously separated
schemes. The School Scheme provides fresh fruit and vegetables, milk, and dairy products
to children in participating schools, with the aim of encouraging children to eat more of these
products, which are essential for their healthy and balanced diet and healthy eating habits.
In addition to promoting healthy eating habits among children, an important goal
of the scheme is to support domestic producers of these products. Many EU countries have
also their own initiatives aimed at promoting healthy eating habits among children. The EU
countries have also implemented regulations aimed at improving the quality of school meals,
such as setting limits on the amount of sugar, salt, and fat that can be included in school
meals.

Children's eating habits will have a significant impact on their future consumption
of agricultural products and the overall health status of the adult population. Therefore, it is
crucial to provide children with education on healthy nutrition. According to a survey
conducted by Eurostat (2019), only 12% of people in the EU reported consuming
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the recommended intake of 5 or more portions of fruits and vegetables daily. Alarmingly,
33% of people in the EU reported not consuming any fruit or vegetables on a daily basis.
To address this issue, the EU has implemented the School Scheme, which aims to promote
healthy eating habits among children. This scheme supports the distribution of milk, fruits,
and vegetables to children attending nursery, preschool, primary, and secondary schools
across the EU. By providing these nutritious food options, the EU School Scheme encourages
children to adopt a healthy diet and lifestyle.

Good nutrition and access to adequate food and healthcare are crucial factors in the growth
and development of children and the long-term health of the adult population. Maintaining
a healthy diet is essential for overall well-being and can significantly reduce the risk of non-
communicable diseases such as cardiovascular diseases, overweight, and obesity, which are
often associated with the consumption of unhealthy foods high in salt, sugars, and fats.
According to the World Health Organization (2018) and recent studies like the one conducted
by Ng et al. (2014), childhood and adolescent obesity remain significant global challenges
in the 21st century. The prevalence of obesity in children and adolescents is alarming, with its
onset often occurring during the preschool years and persisting into later adolescence
and adulthood. Therefore, promoting healthy eating habits from an early age and maintaining
them throughout life is a key policy objective for improving public health and preventing non-
communicable diseases, including obesity (Story et al., 2018). Research has consistently
demonstrated that access to nutritious food and nutrition education during early childhood
is vital in shaping lifelong healthy eating behaviours (Rasmussen, 2006). It is through early
exposure to healthy food choices and nutrition education that children can develop
and maintain healthy eating habits that will benefit them throughout their lives.

The school environment plays an important role in the development of children's eating habits
(Kachutova et al., 2019). Children spend half of their waking hours and consume at least one-
third of their daily calories at school, making schools an ideal vehicle for providing obesity
interventions for most children (Bleich et al., 2018; Bell and Swinburn 2004, Regan et al.,
2008). Influencing the environment where children live, learn and play is necessary
to improve the quality of what children eat and drink to support optimal growth, health,
and development (Hendrie et al., 2017). Ip et al. (2017) report that school has a significant
effect on student weight regulation. High-quality school meals have the potential to improve
children's health, and the availability of healthy food positively affects the diet
of schoolchildren (Bevans et al., 2011). According to Kristjansdottir et al. (2006) study,
interventions to increase fruit and vegetable intake among children should aim at both
environmental factors such as greater availability of fruit and vegetables, and personal factors
as self-efficacy and knowledge levels concerning nutrition.

Several studies confirm preventive and health-promoting interventions in schools which help
children to reduce the risk of developing chronic diseases in adulthood (Liu et al., 2019).
Based on scientific studies, there is evidence that school meal programs improve fruit
and vegetable consumption (e.g. Delgado-Noguera et al., 2011; @vrebg et al., 2019; Kastorini
et al., 2016) and support the availability of fruits and vegetables through school distribution
(e.g. Beal et al., 2019; Schwartz et al., 2015). Literature findings on the effectiveness of free
subsidized interventions may not be encouraging, as they show little or no effectiveness
(Delgado-Noguera et al., 2011). However, it is important to implement different strategies
in the school environment to support fruit and vegetable consumption in children (Colley
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et al., 2018; DeCosta et al., 2017), as eating habits established in childhood and adolescence
tend to transition into adulthood (Craigie et al., 2011).

Empirical studies have investigated strategies to improve children's healthy eating in schools
(Hodder et al., 2020; Evans et al., 2012; Dudley, Cotton and Peralta, 2015). These studies
suggest that some effective school-based interventions include increasing access to healthy
foods in school settings, incorporating physical activity into the school day, providing
education on nutrition and healthy lifestyle habits, and involving families and communities
in the promotion of healthy behaviours.

To achieve the aims of the EU School Scheme, the distribution and provision of fruit
and vegetables to children in participating Member States have been accompanied
by the implementation of accompanying educational measures (AEM), although
not obligatory by 2021/2022. These measures, as outlined in the EP (2016), are designed
to educate and raise awareness among children about the importance of a balanced diet
and the benefits of consuming a variety of foods. AEM activities can include lectures, support
for farm visits, school gardens, tasting and cooking workshops, theme days, and games.

The objective of the present study is to assess the effect of the Accompanying educational
measures within the Slovak School Scheme from 2017/2018 to 2021/2022 on the average
daily frequency of fruit and vegetable consumption among children in preschool
establishments and primary schools participating in the fruit and vegetable subprogram.

2. Data and Methods

We utilized data from a survey conducted in 2022, which involved parents of children
from a representative sample of 80 selected schools in Slovakia, comprising kindergarten,
primary, and secondary schools. Out of the 1,673 parents who provided responses regarding
their child's eating habits, we focused on data from 1,429 respondents whose children
attended schools participating in the fruit and vegetable subprogram. Our objective was
to estimate the net effect of the Accompanying educational measures (AEM) on the average
change in children's frequency of fruit and vegetable consumption between the years 2017
and 2022. Among the respondents, 613 children (42.9%) attended schools that implemented
at least one AEM intervention, while 816 children (57.1%) attended schools without any
intervention. We collected data on various indicators, including parents' perception of changes
in their child's daily frequency of fruit and vegetable consumption, the type of school their
child attended, the child's gender and age, the child's health status, parents' perception of their
child's weight, the region in which they resided, the presence of household members under the
age of 18, household income and social benefits, the body mass index (BMI) of the child,
parents' education level, the size of the settlements, and the number of inhabitants
in the settlement.

To analyse the effect of the Accompanying educational measures (AEM) intervention, we
employed a quasi-experimental approach, counterfactual analysis. Propensity score matching
(PSM) was utilized to create a control group, and Stata 17 software was employed to estimate
the net effects of the AEM intervention.

Propensity Score Matching (PSM) enabled us to evaluate the effect of the AEM and minimize
bias. We created two comparable groups: the treated group consisted of children from schools
that implemented at least one AEM between 2017/2018 and 2021/2022, while the control
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group comprised children with similar characteristics from schools that participated
in the fruit and vegetable School subprogram but did not have any AEM. By applying PSM,
we matched children from the treated group with those from the control group based on their
characteristics, ensuring a more balanced comparison. The difference in the probability
of achieving the outcome, in this case, the average change in fruit and vegetable daily
frequency consumption reported by parents, between the treated and control groups represents
the net effect of the AEM. It is crucial to use PSM in this context because comparing
the outcomes of children from participating schools with AEM to those without AEM without
considering their characteristics would introduce bias. As the implementation of AEM was
not mandatory under the School program, its occurrence varied across schools due to factors
such as school type and other individual heterogeneous factors.

Table 1. Variable description

Variable Type Variable Name Description

Treatment Variable Participating school with AEM Yes=1;No=0

Outcome Variable* | Parents' perception of the change in
their child's daily frequency of fruit

consumption (2022-2017)

Change in the frequency of the child's daily fruit
consumption in 2022 compared to 2017:
Increased = 1; No change = 0; Decreased = -1

Parents' perception of the change in
their child's daily frequency of
vegetable consumption (2022-2017)

Change in the frequency of the child's daily
vegetable consumption in 2022 compared to 2017:
Increased = 1; No change = 0; Decreased = -1

Control variables** Gender Boys=1; Girls =0

Region: Central Slovakia Yes=1;No=0
Region: Eastern Slovakia Yes=1;No=0
Region: West Slovakia (omitted) Yes=1;No=0
Age: 3-5 years old Yes=1;No=0
Age: 6-10 years old Yes=1;No=0
Age: 11 years old and above Yes=1;No=0
(omitted)
Domicile Urban = 1; Rural =0

Health status

Very good = 1; Other = 0

Change in the parent’s perception
of the child's weight (2022-2017)

No change: 0
Decrease of the child's weight: -1, -2, -3, -4, -5
Increase of the child's weight: 1, 2, 3,4, 5

Number of household members
with age under 18th

Count

Long-term social benefits

None = 0; to 300 EUR =1; 301-400 = 2; 401-500 =
3;501-700 = 4; 701-900 = 5; More than 900 = 6

Net monthly income of the

To 400 = 0;401-600 = 1; 601-800 =2; 801 - 1 000

household =3;1001-1500€=4;1501-2000€=5;2001
- 3 000 = 6; more than 3000 =7
Eating of home-made snack in Yes=1;No=0
school
BMI Body Mass Index calculated based on height and

weight, adjusted for age and gender (continuous
variable)

Note: * The treatment effect is computed using count outcomes; ** after omitting correlated variables

We generated the propensity score, which is the conditional probability of a child's
participation in the School Scheme, for the purpose of matching, using a logit model. Table 1
shows a description of the treatment, outcome, and control variables used to generate
the propensity score. Based on the propensity score, the control group of children
from participating schools without AEM (untreated) is drawn up to be as similar as possible
to the treated group of children from participating schools with AEM (treated) to perform
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a comparative analysis. The effect of AEM intervention is assessed using the Average
Treatment Effect (ATE), which represents the expected difference in the outcome variable
between the treated and control groups, after adjusting for confounding variables.

ATE = E[(Y; — Yo)] = E{E[(Yy; — Yo) X1} (1

where Y;; represents the outcome variable for the treated group, Y,; represents the outcome
variable for the control group, and X represents the set of covariates that are used to adjust
for confounding.

Equation (1) represents the expected difference in the outcome variable between the treated
and control groups, averaging over all possible values of X. It provides an estimate
of the average causal effect of the conducted AEM on the outcome variable in the entire
population being studied, regardless of whether individuals received the treatment or not.
This formula assumes that the treatment assignment is independent of the outcome variable,
given the covariates. If this assumption holds, then the ATE provides an unbiased estimate
of the causal effect of the conducted AEM.

3. Results and Discussion

We are evaluating the effect of Accompanying Educational Measures (AEM) conducted
in schools as part of the School Program between 2017 and 2022 on the average change
in the frequency of fruit and vegetable consumption by children from schools with AEM
compared to those without it. The most common types of AEM implemented in schools
that participated in the program during the period between 2017 and 2022 were tastings,
followed by games and activities in school gardens, while lessons were less common
(Table 2).

Table 2. Frequency of Accompanying educational measures by types, descriptive statistics

AEM types Observations | Mean Std. dev. | Min | Max
School gardens | 613 5236542 | 1.131044 | 0 3
Farm visits 613 4845024 1 2.03286 | 0 9
Tasting 613 4.574225 | 2.888413 | 0 9
Lessons 613 4845024 | 1.480319 | 0 6

Table 3 presents descriptive statistics for the outcomes and control variables of the overall
sample of children, irrespective of their participation in the school subprogram for fruits
and vegetables. The subgroup of children from schools participating in the subprogram
is further divided by the presence of AEM interventions. The Wilcoxon rank sum test was
used to examine differences in the characteristics of children from participating schools
with and without AEM. The results indicate statistically significant differences in the average
change in the frequency of fruit consumption among children from participating schools
with and without education measurement. Significant differences were also found for region,
age, long-term social benefits, and the number of household members under 18 years of age.

Correlated variables were eliminated, and the remaining control variables (Table 1) were
included in the Logit model. The results of the Logit parameter estimates (Table 4) indicate
that some control variables have a significant effect on children (school) participation
in the School subprogram for fruit and vegetables with AEM, according to our expectations.
There are regional disparities in children (school) participation in the School Scheme.
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Differences between the groups of children from schools with and without AEM, as observed
in the control variables (Table 2), could result from school option for AEM (self-selection).
To avoid selective distortions, the PSM proposed by Rosenbaum and Rubin (1983)
and the nearest neighbour matching is applied.

The estimation of the average treatment effects (ATE) shows the effects of AEM
on the average change in the frequency of children's daily fruit consumption over the 2017-
2022 school years.

Table 3. The average children’s characteristics by participation in School subprogram fruit and vegetables

and by conducted of AEM
Children from school .
. participating in the fruit, Chlld.r?n fl.'om.school non-
Variable Total . participating in the fruit,
vegetables subprogram with the
AEM vegetables subprogram
(N= Yes No _
1673) (N =613) (N = 816) (N'=244)
Average change in the child’s
frequency of daily fruit (82351;) 0.284 (0.492) | 0-207 (0495 0287 (0.533)
consumption (2022-2017) )
Average change in the child's 0162
frequency of daily vegetable (0'516) 0.172 (0.496) 0.153 (0.518) 0.165 (0.56)
consumption (2022-2017) )
Gender %5?;‘ 0.504 (0.5 | 0.534(0.499) 0.541 (0.499)
Region: Central Slovakia (8382) 0.223 (0.417) 0.175 (0.38) ** 0.279 (0.449)
Region: Eastern Slovakia (&2247) 0.259 (0.439) | 0.255 (0.436) 0.139 (0.347)
Region: West Slovakia 0.552 s
(omitted) (0.497) 0.517 (0.5) 0.57 (0.495) 0.582 (0.494)
Age: 3-5 years (8;;) 0.109 (0.312) | 0.141 (0.348) * 0.156 (0.363)
Age: 6-10 years (2'05(5))1 0543 (0499) | 048 (0.5) ** 0.463 (0.5)
Age: 11 years and above 0.368 s
(omitted) (0.482) 0.347 (0.477) | 0.379 (0.485) 0.381 (0.487)
Rural — Urban settlements ((? f979) 0.486 (0.5) 0.505 (0.5) 0.311 (0.464)
Health status (8323) 0.312 (0.464) 0.321 (0.467) 0.348 (0.477)
Change in the perception of 027
the child's weight (2022- © 8 14) 0.246 (0.88) 0.24 (0.787) 0.426 (0.92)
2017) )
Number of household 1.968 s
members with age under 18 | (0.893) 1.848 (0.795) | 2.016 (0.918) 2.107 (1)
Long-term social benefits (}ggé) 1.476 (1.575) 1.586 (1.603) * 1.697 (1.617)
Household net monthly 4.051
income (1.749) 4.139 (1.643) 4.007 (1.853) 3.97 (1.65)
Eating homemade snack in 0.957
school (0.203) 0.98 (0.14) 0.936 (0.245) 0.967 (0.18)
BMI (137'96122) 17.453 (3.904) 17.708 (3.86) 17.686 (4.12)

Note: St. Dev. in parentheses; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively,

based on the Wilcox rank sum test.
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The estimated ATEs of conducted AEM (Table 5) show a positive effect on the change
in average child’s fruit consumption frequency, although the effect sizes differ across
subgroups. The AEM had statistically significant positive effect (at the 10% level)
on the average daily consumption of fruit for the overall sample. This positive effect was also
observed specifically for boys and children in rural areas, indicating that the AEM
interventions led to an increase in their fruit consumption frequency. However, for children
in urban areas, the ATE is statistically significant at the 1% level, suggesting a stronger
negative effect of the AEM on their average frequency of daily fruit consumption.

Table 4. Estimated parameters for Logit model. Children in schools participated in subprogram fruit
and vegetables

Variable Estimated parameter (SE)

Gender

-0.18 (0.123)

Region: Central Slovakia

0.589*** (0.162)

Region: Eastern Slovakia

0.421%% (0.154)

Age: 3-5 years

-0.227 (0.224)

Age: 6-10 years

0.11 (0.145)

Residence

-0.038 (0.125)

Disease

-0.004 (0.133)

Change in the perception of the child's weight (2022-2017)

0.093 (0.075)

Number of persons under 18 years of age in the household

~0.293%%* (0.077)

Long-term social benefits

0.015 (0.037)

Household net monthly income -0.011 (0.04)
Eating homemade snack in school 1.466%** (0.371)
BMI -0.01 (0.018)
Constant -1.118 (0.583)
Log likelihood -756.085

Prob > chi? 0.000

Pseudo R? 0.035

LRchi? 64.26

Note: standard errors in parentheses; *, ** and *** indicate statistical difference at 10%, 5% and 1% level,
respectively; N = 1142.

In terms of age groups, the ATE is negative but not statistically significant for children aged
3-5 years old, suggesting that the AEM may not be effective for this group in preschool
establishment. For children aged 11 years and above, the ATE is not statistically significant,
implying that the AEM may not have a significant effect on the change in fruit consumption
for this age group either. However, for children aged 6-10 years old, the ATE is statistically
significant at the 5% level, indicating a positive effect of the AEM on the average change
in frequency of daily fruit consumption.

The effect of the AEM on the outcome variable of change in the average frequency
of consumption of vegetables by children (Table 6), the ATEs show a mixed pattern.
The overall ATE is positive but not statistically significant, suggesting that the AEM may
have a limited effect on the change in vegetable consumption. However, the effect sizes differ
across subgroups. The ATE is statistically significant at the 10% level for children in rural
areas, indicating a positive effect of the AEM on the change in vegetable consumption
frequency for this group. On the other hand, the ATE is negative and statistically significant
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at the 5% level for children in urban areas, implying that the accompanying educational
measures may have a negative effect on the change in vegetable consumption for this group.
This result may be due to the low number of vegetable varieties and portions provided
to children in schools within the School Scheme, as well as the AEM's insufficient attention
to the assortment and forms of eating vegetables that are more appealing to children.

In terms of gender, the ATEs of the AEM on average change in the average frequency
of consumption of vegetables by children show a different pattern for boys and girls. For girls,
the ATEs are negative but not statistically significant, suggesting that the accompanying
educational measures may not have a significant effect on the change in vegetable
consumption for this group. However, for boys, the ATEs are positive and statistically
significant at the 5% level, indicating a positive effect of the AEM on the change in vegetable
consumption for this group.

In terms of age groups, the ATEs show a mixed pattern as well. For children aged 3-5 years
old, the ATE is positive but not statistically significant. However, for children aged 6-10 years
old, the ATE is statistically significant at the 1% level, indicating a positive effect of the AEM
on the change in vegetable consumption for this group. For children aged 11 years and above,
the ATE is negative but not statistically significant, suggesting that the AEM may not have
a significant effect on the change in vegetable consumption for this age group.

Based on the results presented, it appears that AEM have a positive average treatment effect
(ATE) on the change in children's frequency of fruit consumption in all three regions
of Slovakia. However, the magnitude of the effect varies by age and gender of the child,
as well as their urban/rural status. The effect sizes vary by region, with the largest effect seen
in Eastern Slovakia. The results for vegetable consumption are less consistent. In West
Slovakia, there is no significant effect of AEM on vegetable consumption, while in Central
Slovakia, the effect varies by age and urban/rural status. In Eastern Slovakia, the effect
is positive for boys and urban children, but negative for rural children.

We found that the AEM may be a useful intervention for promoting healthy eating habits
in children, particularly regarding fruit consumption. These findings are consistent
with previous research that suggests nutrition education can improve children's dietary intake
and increase their consumption of fruits and vegetables (e.g., Evans et al., 2012). A systematic
review by Van Cauwenberghe et al. (2010) found that school-based interventions
that included nutrition education, increased availability of healthy foods, and/or changes
to the school environment (e.g., school gardens) were effective in improving children's dietary
habits. Golley et al. (2010) found that a school-based intervention that included cooking
workshops, taste testing, and nutrition education led to significant increases in children's fruit
and vegetable consumption. Our findings align with previous research that emphasizes
the significance of comprehensive, multi-component interventions that tackle various factors
influencing children's dietary habits. These factors may include the availability of healthy
foods, parental support, and environmental cues (Swinburn et al., 2011).
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Table 5. Average treatment effect (ATE PSM) of accompanying educational measures (AEM) on a change

in child’s frequency of children fruit consumption (treated vs. non-treated)

Change in fruit
consumption

0.061* (1.66)

Girl 0.064 (0.84)
Boy 0.113% (1.72)
Rural 0.082 (1.24)
West Slovakia 0603137 Urban 0.143 (1.53)
(0.33) 3-5yearsold | -0.081 (0.21)
6-10 year old 0.073* (1.01)
11 year old and 0 (0.00)
above
Girl 0.1 (0.90)
Boy 0.037 (0.31)
Rural 0.154 (1.35)
Central 0.078 Urban -0.13% (-1.77)
Slovakia (1.03)
3-5 years old -0.023 (-0.14)
6-10 year old 0.101 (1.00)
11 year old and L0031 (:0.19)
above
Girl 0.193 (1.55)
Boy 0.085 (0.84)
Rural 0.156 (1.13)
ovakia 3-5 years old -0.071 (-0.15)

6-10 year old

0.186** (2.06)

11 year old and
above

0.318%%(2.04)

Note: z value in parenthesis; *, ** and *** indicate statistical difference at 10%, 5% and 1%, respectively.

The ATE of AEM on the change in children's vegetable consumption frequency is generally
not statistically significant or even negative. This indicates that the extent or form of the AEM
may be insufficient in effectively increasing vegetable consumption compared to its effect
on fruit consumption. Previous studies have also reported mixed findings on the effectiveness
of nutrition education in increasing vegetable consumption (e.g., Sharps and Robinson, 2016).

However, it's important to consider under the School Scheme regional differences
in the effectiveness of the intervention and tailor the approach accordingly. Further research
may be necessary to understand the factors influencing vegetable consumption, regional
variations, the effectiveness of different forms and frequencies of AEM implementation,
and to develop effective strategies for promoting healthy eating habits among children.
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Table 6. Average treatment effect (ATE PSM) of accompanying educational measures (AEM) on a change
in child’s frequency of vegetable consumption

Girl -0.117 (-1.68)
Boy 0.072 (1.13)
Rural 0.098* (1.43)
West Slovakia -0.025 Urban -0.22%%* (-2.36)
(-0.50) 3-5yearsold | -0.014 (-0.14)
6-10 year old 0.003 (0.05)
11 year old and L0138 (-1.54)
above
Girl 0 (0.00)
Boy -0.038 (-0.34)
. Rural -0.108(-0.58)
Change in Central 0.048 Urban 0.240 (3.10)
Vegetabl‘e 0.030 (0.38) Slovakia (0.56) : :
consumption 3-5 years old 0.209%** (6.17)
6-10 year old 0 (0.00)
11 year old and 0207 (-1.11)
above
Girl 0.087 (0.67)
Boy 0.191%* (2.50)
Rural -0.051 (-0.49)
Eastern 0.056 Urban 0.293 *#* (2.97)
Slovakia (0.62) 3-5 years old 0 (0.00)
6-10 year old 0.171 (2.03)
11 year old and 0.113 (0.82)
above

Note: z value in parenthesis;, * ** and *** indicate statistical difference at 10%, 5% and 1%, respectively.

4. Conclusion

Based on the results of the study, AEM conducted under the EU School scheme in Slovakia
has a positive effect on the change in the frequency of children's consumption of fresh fruits
and vegetables. Specifically, we found that the AEM had a positive effect on the frequency
of children's fruit consumption in all three regions of Slovakia, with larger effects observed
among boys and older children. However, the effect on vegetable consumption was less
consistent across regions and demographic groups, with some groups showing positive effects
and others showing no significant effect.

These findings are consistent with previous research on the effectiveness of school-based
interventions aimed at promoting healthy eating habits among children. The positive effect
of the AEM observed in this study may be due to the variety of activities included
in the intervention, which incorporated elements of nutrition education, experiential learning
(e.g., farm visits and cooking workshops), and environmental changes (e.g., school gardens).

It is important to note that the effect of the AEM on vegetable consumption was less
consistent across regions and demographic groups, suggesting that additional tailoring
or customization of the AEM intervention may be necessary to better address the unique
needs and preferences of different groups of children.
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Additionally, future research may benefit from more detailed process evaluations to better
understand the specific components of the AEM that were most effective in promoting
behaviour change.

During the examined period in Slovakia, the educational measures accompanying the AEM
were conducted in schools by approved suppliers of school fruit and vegetables. However,
the AEM were not mandatory in the participating schools and were not provided to all
children. The results of the study emphasize the importance of conducting AEM in all schools
and ensuring that all children have access to them. Additionally, there is a need for more
intensive implementation of AEM, including forms that involve the participation of children's
parents.

In conclusion, the results of this study indicate that the AEM implemented through the EU
School Scheme in Slovakia have the potential to positively influence children's dietary habits,
specifically in terms of fruit consumption. However, further customization or adaptation
of the intervention might be required to effectively address the specific needs and preferences
of different subgroups of children.
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Annotation: Human capital and education play a critical role in the success of agriculture, not just
in production but also in non-production functions. Optimizing the user interface for virtual reality
(VR) simulations in agricultural machinery environments requires understanding human behavior
and cognitive processes, which can be achieved through education and training. Therefore,
investing in human capital and education in agriculture is essential for addressing the industry's
challenges and achieving its goals.

This paper aims to optimize the user interface for virtual reality simulations in agricultural
machinery environments. The study utilized eye-tracking technology to assess the user experience
(UX) of two types of menus: panel and radial menus. The study revealed that menus are essential
for the digital product user experience, allowing for efficient navigation and content access.

Both types of menus were found to be above average in usability, with the panel menu
significantly outperforming the radial menu. Heat maps showed that participants concentrated
on only a portion of the buttons on the panel menu, while the radial menu had a more dispersed
field of concentration.

Despite the advantages of the radial menu highlighted by some participants, Concurrent Think-
aloud method (CTA) and Retrospective Think-aloud (RTA) interviews consistently indicated
that the panel menu was more intuitive, visually appealing, and easier to use, as it was located near
the point of interest, the tractor. On the other hand, the radial menu was functional but challenging,
particularly when switching attention between the menu and the tractor or raising the hand.

Key words: Ul, VR, Eye-tracking, panel menu, radial menu, usability, UX
JEL classification: L64, .86, 032

1. Introduction

By using VR simulators, researchers can safely test and refine human-machine interfaces
without risking the safety of human workers. This approach allows for the optimization
of new control systems, ensuring that they are user-friendly and efficient. Additionally,
the use of VR simulators can provide valuable data on human behavior and decision-making
in complex scenarios, which can inform the design of safer and more productive construction
equipment. In this way, the combination of human capital and technology can lead
to improvements in both productivity and safety in the construction industry. In a study
evaluating advanced human-machine interfaces for hydraulic excavators, researchers found
that immersive VR simulations improve efficiency and ergonomics without causing mental
or physical strain on operators (Morosi and Caruso, 2021; Makarov et al., 2021;
Dhalmahapatra et al., 2021).

VR consists of a computer-generated virtual environment where the user can interact
with the environment and objects. Well-designed VR can help people immerse themselves
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in what feels like a believable reality-like experience (Quesnel and Riecke, 2018). Although
VR is not new, thanks to recent developments in immersive technologies, especially
in visualization and interaction, VR is becoming increasingly attractive to scientists.
The latest displays for VR head-mounted displays (HMDs), such as the HTC Vive or Oculus
Rift, allow users to experience a high degree of immersion (Radianti et al., 2020) instead.
The immersion describes the technical capabilities of a system,; it is the physics of the system.
The subjective correlate of embeddedness is presence. If a participant in VR perceives
naturally using his or her senses, then the most straightforward inference the brain's
perceptual system can make is that what is perceived is the participant's virtual environment
(Slater and Sanchez-Vives, 2016).

Menus are an integral part of digital product user experience (UX), allowing users to easily
navigate and find the features or content they need. It also gives users a sense of control over
the app and makes it easier for them to interact with it. Studies have shown that a quality
and intuitive menu can significantly improve a product's overall friendliness and usability
and can be a critical factor in achieving success in the marketplace (Merritt and Zhao, 2021).

In the desktop application, the menu is created as a list of individual items to offer, where
each item is associated with a specific command. Alternatives to this approach are pie menus,
where each item is shaped like part of a pie and has the same proportion of the whole, making
them efficient in terms of Fitts' law. These bids are usually designed to execute simple
commands, with more complex tasks, such as multiple selections, which should be executed
using other user interface elements (UI). These menus could be applied to VR, but the Fitts
Act states that multiple aspects of VR offerings should be considered in development
(Monteiro et al., 2019).

Fitts' law is used to evaluate human-computer interactions and to estimate movement time
and difficulty index. However, Fitts' law is generally useful for measuring and estimating
movement times between objects on the same axis or in the same dimension. In other words,
the measurement axis can be either horizontal or vertical and cannot be used to measure both
axes simultaneously (Nookhong and Kaewrattanapat, 2022).

User experience (UX) refers to a user when interacting with a product or service.
This experience can be encountered in various activities, such as ordering food in restaurants,
shopping, or commuting to work. However, the quality of the experience can vary depending
on the context, as seen in the examples of a stressful morning car journey or a leisurely walk
through a park. In contrast, usability is defined as the degree to which a particular entity can
use a given system to effectively, efficiently, and satisfactorily achieve specific objectives
within a well-defined context of use (Hassenzahl & Tractinsky, 2006). It encompasses three
main factors related to the user's characteristics and objectives and the context of use:
effectiveness, efficiency, and satisfaction. When evaluating usability, the goal is to ensure that
aspects such as efficiency and effectiveness are consistent with the product under test
(Quesnel & Riecke, 2018).

Ul usability is essential because it assesses the product's pragmatic aspects related
to the behavioral objectives that software must achieve. In the context of virtual reality (VR)
games, usability evaluation should carefully consider the influence of VR features
and gameplay goals (Radianti et al., 2020). For instance, a limited field of view can hinder
the user's ability to step back and see the bigger picture in critical situations.
This demonstrates the role of usability in achieving learning objectives in simulations
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and real-world situations. However, different games may have different requirements,
and user testing on focus groups is necessary for game development. Previous studies have
shown that usability also affects assessing factors that enhance learning (Ferndndez-Manjon
etal., 2011). Therefore, usability evaluation is crucial in improving the overall user
experience and achieving the desired outcomes in simulation training for participants
to concentrate on the task, not the menu.

Various interaction techniques have been developed in virtual and augmented reality. While
object selection, manipulation, travel, and pathfinding techniques are already in existing
taxonomies and have been described in considerable detail, application control techniques still
need to be sufficiently considered. However, these are needed by almost every mixed reality
application, e.g., alternative objects or options. They are also needed for all kinds of real-
world applications. For this purpose, there are many different techniques for selecting
from three-dimensional (3D) menus (Dachselt & Hiibner, 2006).

According to a study by Gebhardt et al. (2013), the most common approach for selecting
a technique for VR menu ray-cast type. Users can directly point to the object for selection
using a virtual ray cast, as a "laser pointer" does in the real world. Another method is to use
a virtual fingertip to select from a menu. This uses a one-to-one mapping method, which
is very intuitively similar to the real world. The limitation of this method is that the user
experiences great difficulty in perceiving depth in the virtual environment. In addition,
the user can only select from menus within arm's reach.

The most immersive VR systems typically include HMDs and handheld controls. HMDs are
used in specific areas of medical practice and education, but their use proliferates. This kind
of technology is also being applied in other various fields. Using a headset, the user can move
and rotate in 3D space as if there they are. Also, the digital environment responds directly
to the user's movements. HMD technology can provide the user with complete immersion
in the virtual environment (Salovaara-Hiltunen et al., 2019).

Our research mainly focused on developing and testing an effective user interface for virtual
reality (VR) simulations in agricultural machinery environments based on previous research.
Our study's objective was to optimize this Ul's position and layout so that it could be tested
afterward from the view of UX. Therefore, also compare and replicate the research but
with augmentations from the way of our collective knowledge about the ideal position
and coordinates of the panel menu, therefore using eye-tracking technology in the usability
study.

We have not yet been able to identify a similar UX evaluation of VR technology used
for simulations in agriculture, although similar machines are used. Therefore, research
potential can be identified here.

The following sections summarize the necessary overview for familiarisation with the issue
and introduce the essential background processes for the testing and data collection.
We present the individual testing steps and then present the results with graphs and scale.
We conclude with comments on the results and possible future research directions.

2. Materials and Methods

Our paper also reports on a study conducted by Monteiro et al. (2019) on 51 participants who
were presented with two different types of menus in a virtual reality environment. The menus
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were presented in four possible combinations and placed in two locations: fixed on a wall
and attached to the user's hand. The study measured various factors, including menu usability,
user satisfaction, interaction time, and the number of unnecessary steps. The results indicated
that participants preferred the traditional panel menu in the virtual reality environment
and performed better with it than with the radial menu. Therefore, the study highlights
the importance of considering the type of menu and its location when designing menus
for virtual reality environments.

Similar to the study conducted by Monteiro et al. (2019), our research involved a total
of 50 participants. 40 was used to identify the appropriate menu position. A further 10 were
used to test the actual environment. The object of the study was to identify a better solution
between the two options. We look for errors and identify better solution based on their
minimization. This allows us to rely on the methods presented by Nielsen (2012) and Virzi
(1992), who present that it takes about five testers to identify 80% of usability errors.

Our sample included 18% women 82% men, with an average age of 24 years. Potential visual
deficits were not addressed due to the focus of the study. 8 participants commonly wear
glasses or contact lenses. None of the participants complained about any vision problems
in the VR environment. 18 participants have used VR technology before, 2 of them work
with it on a regular basis. The average length of the test trial and, thus, working in the VR
environment lasted 24 minutes.

Thanks to the equipment available in our VR laboratory, we could utilize eye-tracking
technology. Eye-tracking interfaces use real-time eye movements as a mode of user
interaction. This interface can be valuable when other interaction modes are unavailable
or not preferred, such as when users have severe motor impairments or when their hands are
occupied with other tasks. Although eye-tracking may not be as precise as using handheld
controllers in VR, it can be much faster than traditional input devices (Spakov et al., 2014;
Sibert and Jacob, 2000). Techniques for visualizing scan paths, such as heatmaps, are useful
for analyzing the way subjects process information (Goldberg & Helfman, 2010). By using
afap that shows the degree of fixation accumulation, researchers can gain insights
into the patterns of visual attention exhibited by subjects while performing a task (Wang et al.,
2014). A heatmap can reveal which areas received the most visual attention and which areas
were ignored during the task (Cai, Sharma, Chatelain, & Noble, 2018).

Testing itself contained two testing processes. First, we focused on the panel menu and its
position due to the more straightforward processing of the results from the scene. The first
process of the testing had a general focus and helped to lock the menu in the proper position.
The second process was first connecting the mentioned environment. Then select
the machinery's attributes (model, color, equipment), in our case, a tractor.

The first testing consisted of several parts:
- Introduction;

- Introduction to the VR HW controls;

- Setting the menu parameters;

- Usability testing;

- Guided interview.

Participants were informed of the testing and reassured that they were not the ones being
tested, but the environment and any missteps or controls were perfectly fine. VR technology

54



was unfamiliar to most participants and made them a little nervous about interacting
with the tester in a virtual space. Participants were familiarized with the technology
and taught how to operate menus, which was a central part of the testing. The participants
made decisions about parameters in a specific order:

1. Distance of the menu from the user;
2. The size of the menu;

3. Height of the menu from the ground;
4. Scroll left/right;

5. Rotation.

Before beginning the main tasks of the study, it was important for participants to become
familiar with the research environment. To achieve this, participants were first given a set
of simple tasks to complete, allowing them to become more comfortable with the research
environment and the tasks that were to come.

During VR user interface testing, the Concurrent Think-aloud method (CTA) is often used.
This method allowed us to test different aspects of the user interface and get immediate
valuable feedback from users. Once the Ul testing is complete, there is a short phase during
which the tester interacts with the test user to gain further insights into their experience
of using the product. This process is called a guided interview or Retrospective Think-aloud
(RTA) and is usually conducted immediately after testing (Prokop et al., 2020).

The equipment we used has the I-VT fixation, a classification algorithm based on velocity,
which identifies eye movements by analyzing the velocity of directional shifts of the eye
(Olsen, 2012).

After usability testing, the respondent completed a questionnaire using the standardized
System Usability Scale (SUS) method, which consisted of 10 sentences to evaluate various
aspects of usability. The questionnaire used a Likert scale to assess ease of use, confidence,
inconsistencies, and need for technical assistance. SUS scores provide a measure of overall
usability and are considered a valuable evaluation tool (Brooke, 1996, p. 194).

Measurement results are reported in Unity units, where 1 unit corresponds to 1 meter in real
space. The default menu position was 1.5 meters above the virtual floor and 5 meters
from the user. The results can be divided into two categories: relevant and irrelevant.
The relevant parameters are the height of the menu located on the Y-axis and the distance
of the menu from the user on the X-axis. The less relevant parameters are the slope
of the menu along the Z-axis and the size of the menu. Participants were most comfortable
with menu positions between 1.16-1.86 meters from the virtual floor. Regarding the distance
from the user, the ideal intervals ranged from 4.7 to 5.2 meters. Less than half
of the participants changed the default menu position.

The second testing process, as mentioned before, was based on the study conducted by
Monteiro et al. (2019). In this research, the authors compared the panel and radial menus.
Thanks to the virtual reality laboratory, which includes eye-tracking HMD Vive pro eye, we
were able to get diverse data. We compared a static panel menu with a radial menu
positionally locked to the hand. Participants used a ray cast to control the panel menu
and a touchpad for the radial menu, with finger tracking.
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The second testing (for both menus) consists of several parts:
- Introduction;

- Introduction to the VR HW controls;

- Usability testing;

- Guided interview;

- SUS

Menu parameters were taken from the first testing process. We took coordinates and made
a panel menu, which corresponds with the panel menu from the study by Monteiro et al.
(2019). The changes were made on the base of Fitt's law; we adjusted the buttons to a space
in the body of the menu for shorter distances between buttons. The radial menu was based
on the research of Salkanovic et al. (2020), which was the implementation and analysis of pie
menus for mobile touch devices. Then we start the usability testing of both menus. Tasks were
assigned in a specific order for the participant to perform:

1. Change the color of the tractor to red;

2. Change the type of the tractor to New Holland;

3. Change the equipment to a trailer;

4. Change all parameters mentioned before based on preferences, and please share
experiences with a menu out load.

We collected heatmaps from every button in the radial menu and panel menu. We also
collected the total fixation duration of participants looking at the buttons, then the first
fixation time and first fixation length.

3. Results and Discussion

The testing demonstrated the value of using VR technology in user experience research.
As VR technology continues to gain popularity, it presents exciting opportunities
for improving simulations and other types of content. Although we know that the test sample
of our participants was not significant, we believe this study is a gate to our more complex
research in the future.

In terms of eye-tracking results, the heatmaps show that most participants only focused
on the part of the button for the panel menu buttons. Most of the buttons in the panel menu
had two or fewer points of higher concentration. In comparison, heat maps on buttons
of the radial menu had a much more vast field and usually more than 2 points of higher
concentration. When we look at the data of total duration on the buttons, we can say that
participants spend much more time looking at buttons of the radial menu (see Fig. 1,2),
which tells us the dispersion on the graph, where the middle line shows us duration
in seconds. Most participants spend more than 5 seconds concentrating on the buttons.
On the other hand, when testing the panel menu, most of the participants fit up to 5 seconds.
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Figure 1. Total duration in seconds (Radial menu)
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Figure 2. Total duration in seconds (Radial menu)
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Observing both data sets, we can say that even though both menus do not have some great
value, in most cases, the results are better for the panel menu. Furthermore, these results
correspond to the obtained heat maps (see Fig. 3,4).
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Figure 3. Heat map (Radial menu)

Source: own processing

Figure 4. Heat map (Panel menu)

Source: own processing

During the CTA and RTA, participants consistently mentioned that the panel menu was easier
to handle, visually appealing, and intuitive. They appreciated having the menu close
to the point of interest (the tractor). However, the radial menu was also deemed functional but
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difficult to handle, especially when switching between the menu and tractor or raising
the hand. Even though some participants compared the handling of the radial menu to phone-
like activity, they did not consider it for an advantage.

The SUS value is scored on a scale from 0 (worst) to 100 (best), with scores below 68
considered below average and scores above 68 considered above average (Bangor, Kortum,
& Miller, 2008). In our study, the arithmetic means SUS score of all 10 participants was 92
for the panel menu and 71 for the radial menu.

This indicates that both menus are above average in terms of usability. Mainly the panel menu
indicates a significantly above-average score, even for individual participants (see Fig. 5).
Where the bottom line shows the participant and the column shows the score.

Figure 5. Individual panel menu SUS survey results (SUS score)
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Source: own processing

4. Conclusion

The successful optimization of the user interface for virtual reality simulations in agricultural
machinery environments relies heavily on human capital and education in agriculture.
Therefore our study aimed to optimize the user interface for virtual reality simulations
in agricultural machinery environments. We utilized eye-tracking technology in our usability
study to assess the user experience of the panel and radial menus.

We found that both the panel menu and the radial menu scored above average in usability,
with the panel menu significantly outperforming the radial menu. Heat maps indicated
that participants concentrated on only a portion of the buttons on the panel menu, while the
radial menu had a more dispersed field of concentration. Additionally, participants spent more
time looking at the buttons of the radial menu.
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However, in CTA and RTA, participants consistently mentioned that the panel menu was
more intuitive, visually appealing, and easier to use, as it was located near the point
of interest, the tractor. In contrast, the radial menu was functional but challenging, particularly
when switching between the menu and the tractor or raising the hand. Our findings suggest
that the panel menu is more favorable regarding usability and user experience than the radial
menu, despite some advantages highlighted by some participants.

Within our study, we encountered particular potential problems related to the use of specific
research methods in the area of usability and UX but applied them to the VR environment.
That is an environment in which the majority of users do not experience the same ease
of navigation as when interacting with a conventional computer Ul. A comprehensive
verification of potential modifications to standard methods is beyond the scope of our study
but remains an interesting prospect for possible future research in this area.
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Annotation: Already in pre-war times, the availability of skilled labour was a major development
challenge for agricultural enterprises in Ukraine. Despite a high enrolment rate in primary
and secondary education and despite the fact, that the Ukrainian state finances 22 (!) agricultural
universities, agribusiness is increasingly affected by a mismatch between educational outcomes
and the skills needs of the sector. This raises questions regarding efficiency of the agricultural
education system as a whole. Moreover, even among agriculturally educated students enrolled
at an agricultural university, a shift in career incentives from agriculture-related jobs to other
sectors has been observed not only for Ukraine but also for other states of the former Soviet
Union.

Our study investigates several aspects and framework conditions influencing the decision of future
graduates for a career in agriculture. Based on findings from other countries, we expected students
originating from rural areas to be more inclined to work in agriculture after graduation since
they have already been embedded in rural lifestyles and have been at least partly familiar
with agricultural production before they started to study at a university/college. Based on the same
reasoning, we furthermore expected that students whose parents work in agriculture or own
farmland or a farm are more in favour to work in agriculture than those whose parents do not.

The study is based on a survey, conducted online in February 2022 among 600 undergraduate
and graduate students who study a diverse range of programs offered by 13 agricultural
universities and 14 agricultural colleges (technological, managerial, humanities, veterinary).
Bivariate tests of association and multivariate logit models are employed to identify direct links
and interactions between aspects of respondents’ rural origin on the one hand and their stated
willingness to work in agriculture after graduation on the other hand.

While 64 percent of the responding students plan to work in agriculture after graduation, rural
origin indeed does indeed make a difference: the frequency of students who grew up in a rural area
was found to be 44% higher than that of students coming from cities (“relative risk””). A 41 percent
higher rate of students with parents presently working in agriculture plan to work in agriculture
compared to those whose parents don’t. The relative frequency for students with parents owning
agricultural land is 22 percent higher while the fact that parents are actually founders/owners
of a family farm is not associated with higher rate of inclination towards working in agriculture.

Key words: Agricultural labour market, agricultural university, education, attraction towards
agricultural jobs, Ukraine

JEL classification: 123, 125, J24, J43 Q19

1. Introduction

Already in pre-war times, the availability of skilled labor was a major development challenge
for agricultural enterprises in Ukraine. Despite a high enrolment rate in primary
and secondary education and despite the fact, that the Ukrainian state finances 22 agricultural
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universities, agribusiness is increasingly affected by a mismatch between the flow
of graduates from these educational institutions and the skills needs of the sector. Employers
criticize the educational system to undersupply graduates with practical and other types
of skills, as well as up to date knowledge (OECD, 2015). This raises questions regarding
efficiency of the agricultural education system as a whole. Moreover, even among
agriculturally educated students enrolled at an agricultural university, a shift in career
incentives from agriculture-related jobs to other sectors has been observed not only
for Ukraine but also for other states of the former Soviet Union (Unay-Gailhard et al., 2018).

This brief sketch of the current situation is influenced by a wide variety of factors, which are
partly the result of a decades-long backlog of modernization in the Ukrainian education
system, but are presumably - and this is where our study comes into play - also influenced by
the changing lifestyles and career models of young people (or in our case agriculturally
educated students). Already in peacetime, a skilled workforce is critical to the agricultural
sector and the vitality of rural areas in ensuring resilient production systems and a livable
future.

So, what influences the decision for a career in or outside of agriculture? Again, a number
of different factors can be considered, as former surveys from other post-soviet countries
propose: For instance, Sutherland (2008) addressed the question of rewards associated
with agricultural employment on privatized state and collective farms in Russia. Looking
again at Russia - now the Altai Region in Siberia - Unay-Gailhard et al. (2018) test two
constructs, each of them encompassing various items: “Sociofamilial background” (expressed
as human and financial capital accrued by parents) and “considerations throughout the life
course” (expressed as work-life expectations, working-life quality and life satisfaction).

In reference to and as partial extension of the sociofamilial background construct of Unay-
Gailhard et al., this contribution looks on two basic socioeconomic aspects and their potential
influence on future job choice: First, we take a closer look at the “geographical origin”,
or more precisely we ask in our survey if the respondent grew up in a rural or urban setting.
This question is inspired by the underlying hypothesis that students originating from rural
areas are more inclined to work in agriculture after graduation since they have already been
embedded in rural lifestyles and have been at least partly familiar with agricultural production
before they started to study at a university/college. Second, we also investigate the “role
of parental imprinting”. Here we check if any of the parents is working in agriculture either
as owner and manager of a family farm or as an employee in agriculture. Here again,
we would expect, that the ambitions of students to choose a career path in agriculture may
differ between those whose parents are working in agriculture and those whose parents have
no professional attachment to agriculture. We do not have a fixed expectation about
the direction of such influence but consider both possibilities: what they observe about their
parents work in agriculture could either attract them towards or repel them from agriculture.

2. Materials and Methods

The population of interest comprises undergraduate and graduate students in agricultural
colleges and universities which offer a variety of programs more or less related to agriculture.
With support by the ministry of education 13 agricultural universities and 14 agricultural
colleges were selected so as to cover students in the most popular programs (technological,
managerial, humanities, veterinary). An online survey was conducted on the google surveys
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platform in February 2022. Students were provided a link to the online survey platform by
their teachers and asked to complete the survey at home. They were informed
that participation is voluntary and that teachers have no access to the individual responses.

The survey instrument in Ukrainian language encompasses 120 multiple choice type items
and 19 open response items. Thematically the survey addresses perception of the program
they are actually in, their plans for further studying and for working as well as values
and preferences for working life. The instrument also inquires sociodemographic
characteristics.

The focus of this study is in on an item the translation of which reads "Would you like
to work in agriculture after graduation?" with response choices “Yes” and “No”. The item
used characterizing rural origin is “In which type of settlement did you grow up?”
with choices “Rural”, “Town (<100 000 inhabitants)”’, and “City”. For the analyses
we combined the “Town” and “City” categories ending up with the two categories ‘“Rural”
and “Urban”. Parental professional background is reflected by the item "Does anyone of your
parents work in agriculture?" with Yes/No choice options.

As survey participation by gender and by age groups differed to non-negligible extent
from the population of interest, i.e. from all students in agricultural colleges/universities,
binary variables on these characteristics (m/f and ages up to 18 and over 18 years) were
included as control variables.

Bivariate analyses are employed to investigate impacts of two independent variables
on respondents’  stated willingness to work in agriculture after graduation
(Y): the respondents’ origin (DO with levels rural or urban) and their parents’ working sector
(DP with levels agriculture or not agriculture). The indicator used to measure such impact
is difference of proportions which is the difference in the share of “Yes” responses in the item
“Do you want to work in agriculture?” between the two groups classified by the independent
variable. Such analyses of relations between two binary variables are intuitively appealing but
they can be misleading if other variables are associated with both, dependent and independent
variables analyzed. Simpson’s paradox, e.g., addresses cases in which even the direction,
the sign, of association is reversed if important covariates are not accounted for. Hence,
we complement the bivariate indicators of association with a multivariate model.

In the framework of a multinomial logit model we investigate the dependence of students’
willingness to work in agriculture of both, the rural or urban origin of the student and parents
work in- or outside agriculture. We account for the gender and age group of the student
as further potentially relevant groupings.

We assume the probability P(Y="Yes”) of a student’s choice on the item “willing to work
in agriculture” to have a binomial distribution. The logit of the probability of “Yes”,
i.e. the logarithm of the odds , is modelled as a linear function in the following binary
variables

- Do for student’s origin (1=rural, O=urban),

- Dp for parent working sector (1=at least 1 parent in agriculture, O= both outside
agriculture)

- Dg for student’s gender (1=male, O=female), and
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- Da for student’s age group (1=over 18yrs, O=up to 18yrs):
logit[ P(Y =Yes)|=a+B,D, + B,D, + B,D; + B,D, (1)

Estimation results of the multinomial logit model can be expressed as odds ratios and fitted
values can indicate expected probabilities of willingness to work in agriculture for different
groupings of students.

3. Results and Discussion

Our sample covers 636 students from 13 universities and 14 colleges in all parts
of the country. 69% are enrolled in undergraduate courses, 31% in master courses.
Respondents are enrolled in 42 different programs from six different fields: agricultural
technology related (25%), food industry related (8%), non-agricultural technology related
(6%), business and economics (20%), veterinarian (35%), humanities (6%). Whereas
no random sampling was applied and the actual respondents self-selected themselves
into the sample careful selection of target colleges, universities and programs facilitate
to reflect the heterogeneity of the population of interest.

Table 1 informs about the distributions of the variables employed in the statistical analyses.

The bottom line of Table 1 shows that 64 percent of the responding students plan to work
in agriculture after graduation. We first examine the relevance of students’ regional origin
and their parents work in separate analyses. Rural origin does indeed seem to make
a difference: the lines showing totals of rural and urban origin indicate that the frequency
of “Yes” was 77% among students who grew up in rural areas, but only 56% among students
from urban areas. The difference of proportions of 77% - 56% = 21 percentage points
is substantially larger than the zero percentage points which would be expected if inclination
to work in agriculture were independent from students’ origin. The fact that our data cannot
be regarded as sufficiently close to a random sample rules out stringent inferential statements
to replace the expression “substantially larger” but if we use formulae stemming from such
stringent statistical context to provide an idea of the size of difference of proportions found
in the sample (21%) relative to the uncertainty that is reflected in the frequency counts
of “Yes-rural”, “No-rural”, “Yes-urban”, and “No-urban” we obtain a (Wald) lower 95%
confidence interval (e.g., Agresti, 2018, p. 29) of 14 percentage points which suggests that
a difference of proportions of 21 percentage points is far enough form unity to regard
a positive influence of origin on inclination to work in agriculture plausible.

Analogously we find that students with any parent working in agriculture are substantially
more likely inclined to working in agriculture than those whose parents work elsewhere.
The difference of proportions is (36%-14%=) 22 percentage points with a (Wald) lower 95%
confidence interval of 15% which can be interpreted as sign of positive influence
of agricultural engagement of parents.
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Table 1. Distribution of variables used in the study

Want to work in
Origin Pa;rvf;r;ﬁs) Gender age Yes No Total agriculture
Yes % No %
Female <=18 21 5 26 81% 19%
>18 18 1 19 95% 5%
total 39 6 45 87% 13%
Agricul-
wral | Male <=18 15 7 22 68% 32%
>18 21 2 23 91% 9%
total 36 9 45 80% 20%
total 75 15 90 83% 17%
Rural Female <=18 34 21 55 62% 38%
>18 28 9 37 76% 24%
Non- total 62 30 92 67% 33%
agricul- | Male <=18 22 8 30 73% 27%
tural >18 35 5 40 88% 13%
total 57 13 70 81% 19%
total 119 43 162 73% 27%
Total 194 58 252 77% 23%
Female <=18 16 5 21 76% 24%
>18 10 2 12 83% 17%
total 26 7 33 79% 21%
Agricul-
tural Male <=18 12 2 14 86% 14%
>18 5 0 5 100% 0%
total 17 2 19 89% 11%
total 43 9 52 83% 17%
Urban Female <=18 66 73 139 47% 53%
>18 45 40 85 53% 47%
Non- total 111 113 224 50% 50%
agricul- | Male <=18 30 21 51 59% 41%
tural >18 325 57 56% 44%
total 62 46 108 57% 43%
total 173 159 332 52% 48%
total 216 168 384 56% 44%
total 410 226 636 64% 36%

Source: authors’ survey

The multinomial logit model described in the methods section was fitted to the contingency
table displayed in Table 1 using the glm function from the stats package of R version 4.3.0.
Estimated coefficients as well as residual deviance as a measure of overall model fit are
presented in Table 2.
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Table 2. Selected estimation results

Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) -0.1364 0.1397 -0.977 0.328625
YouGrewUpRural 0.7341 0.1889 3.886 0.000102 **=*
ParWorkInAgYes 1.0339 0.2501 4.134 3.56e-05 **x*
sexMale 0.3095 0.1839 1.683 0.092377 .
age>18 0.3927 0.1776 2.211 0.027014 ~*
Signif. codes: 0 ‘***’ (0,001 ‘**’ 0.01 **" 0.05 . 0.1 Y " 1

Null deviance: 71.649 on 15 degrees of freedom
Residual deviance: 14.403 on 11 degrees of freedom

Residual deviance provides a measure of how close fitted values are to the observed choice
frequencies. The residual deviance of 14.4 with 11 degrees of freedom indicates that the fit
of the model is acceptable.

Table 3 provides odds ratios ( € raised to the power of the respective coefficient estimate)
with confidence limits. They can be interpreted as factors indicating how many times higher
the expected probability of a “Yes” response is in the respective group relative
to the reference group. An odds ratio of 1.0 would indicate equal likelihood in both groups,
i.e. that the likelihood of inclination towards working in agriculture is independent
from the respective variable. The expected value of 2.1 in the first line indicates that students
from rural origin are — on average - 2.1 times as likely as (or equivalently 110% more likely
than) students from urban origin to be willing to work in agriculture.

Table 3. Odds ratios describing effects of independent variables

OR 2.5 % 97.5

o\

YouGrewUpRural 2.1 1.44 3.0
ParWorkInAgYes 2.8 1.75 4.7
sexMale 1.4 0.95 2.0
age>18 1.5 1.05 2.1

As mentioned above in the context of differences of proportions the indicated confidence
limits (as well as distributional measures and indicators provided in Table 2) must not be
understood here in the way applicable in the context of randomized studies, meaning
as estimates of the range containing the true value with a probability of 95 percent. However,
we think that they may help to quickly gain an idea of the uncertainty of the indicated point
estimates which readers could gain alternatively by examining the relative sizes of point
estimates and e.g., standard deviations of these estimates.

The analysis suggests that having grown up in a rural settlement and — to an even larger extent
- having parent(s) who work in agriculture increases the probability of students to plan
a career in agriculture. For male students and students over 18 years of age the estimated
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probability is still 40 and 50 percent higher than for female and younger students but here
the uncertainty of the point estimates is relatively larger.

This study describes a first investigation into a comprehensive data set addressing factors
which may affect the flow of academically trained labor into agriculture in Ukraine. One clear
result is that students with at least one parent working in the agricultural sector, that means
students who could and can directly observe and experience this kind of work are more likely
inclined to work in agriculture themselves than students with no parent working
in agriculture. This may mean that inhibitions to working in agriculture may have
to do with ideas about agricultural work (not based on actually knowing this work) that are
less attractive than what is actually experienced by students with direct experience
of agricultural professions. Does this mean that the image of work in agriculture is worse than
what is justified by reality? Results from Siberia reported by Unay-Gailhard et al. (2018)
point into the direction that unfavorable concepts of work in agriculture oftentimes stem
from vague assumptions rather than factual experience in the sector. Further analyses in our
survey that addresses images, perceptions, values and attitudes of students will shed more
light on this. Aside from positive impressions that students get from farming parents other
reasons could be influential. Parents may be wishing that their children follow their
professional footsteps and the students may be inclined to fulfilling their parents’ wishes.
Also this aspect will be further addressed based on our Ukrainian survey.

A similar reasoning as with regard to students with parents working in agriculture may be
valid for those having experienced life in rural settlements in their childhood and earlier
youth. Also these students were found to be more likely inclined to working in agriculture.
Also here a possible explanation is that conception of rural life and life in agricultural regions
are not as favorable as what people living in these areas actually experience.

4. Conclusion

Shortage of labor, particularly academically trained labor forms a challenge to Ukrainian
agriculture and rural development. This is the case although a considerable number
of agricultural universities and agricultural colleges exist. The survey among agricultural
students which is used in the narrowly focused analysis presented here investigates attitudes,
aspirations, values and views of students in agricultural universities, which are likely to be
connected with their willingness to work in agriculture after finishing their studies.

Students who grew up in rural settlements and students with parents employed or self-
employed in agriculture were found to be more likely to plan working in agriculture than
students with urban background and those whose parents do not work in agriculture.

If hypotheses developed in this study about mechanisms behind these findings can be
substantiated one strategy to improve the situation of severe shortage in agricultural labor
could be to engage in information campaigning about numerous positive aspects of working
in agriculture, a sector with enormous development potential in Ukraine.

The (relatively restrictive) specification presented cannot reflect the complex relationships
between attitudes, aspirations, values and opinions of the respondents on the one hand
and their inclination towards work in agriculture on the other hand. The results merely offer
a focused snapshot of associations between two potential determinants of values and attitudes
and a certain aspect of career plans. More comprehensive analyses involving several
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interdependent and predetermined factors in a loglinear model are on the way. They will
examine structural relationships between values, work-life expectations/aspirations,
assessment of the labour market situation and the career-steps planned by the students.
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Annotation: The article describes the development of land, labour and capital productivity
in agriculture (2002-2020), characterizes the crop mix (the 10 most cultivated crops in the Czech
Republic) with respect to climate change. The authors draw on data from the CZSO, MoA
and TAEI Index analysis and factor efficiency indicators are used. Labour productivity has more
than doubled from 2008 to 2020. Productivity growth is driven by both the declining number
of AWUs and rising industry output. Output in current prices increased by 46 %, while in kind
it increased by 11 %. The growth in total output is driven by crop production. Land productivity
is also increasing (up 9 % in constant prices).

Wheat, barley, rapeseed and fodder crops account for the largest percentage of income in the crop
mix. Wheat has increased its share in the crops mix from 2002 (28.97 % of mix income)
to 30.36 %. Potatoes have decreased their share of prouct mix income by 4 %. The production
(tonnes) of all crops in the mix increased except barley, sugar beet and potatoes. The profitability
of crop production in the Czech Republic is affected by hot summers, lack of rainfall and low
capacity of irrigation systems.

Key words: efficiency, soil, labour, AWU, cost, agricultural production, crops

JEL classification: J24, Q54

1. Introduction

Therefore, as economic growth is increasingly constrained by resources and the environment,
intensive land use has become one of the effective ways to achieve sustainable urban
development. The problem is that changes in land use will inevitably lead to a number
of environmental problems.

Land use intensity is characterized by increasing agricultural output per unit of land through
management practices, and or increasing the amount of inputs (Lorel et al, 2019). Increased
outputs per unit of land occur through improved management practices or increased use
of inputs such as fertilizers, pesticides, or energy (Erb et al., 2013). Agroecosystems face
increasing demand for agricultural products, feed, and bioenergy. Thus, increasing land use
intensity is a dominant strategy that can lead to reduced competition for land (Haberl, 2015).
This is confirmed by many models of future land use, as land use will need to be intensified
even more, especially in industrial regions (Lambin et al., 2000). However, intensive
agriculture poses major threats to European biodiversity (German et al., 2017),
and to the provision of ecosystem services (Allan et al, 2015; Simoncini et al., 2019).
Nutrients used to increase agricultural production become pollutants when they run off arable
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land, are transported to groundwater and delivered to streams. Rivers in many agricultural
areas are experiencing increases in nutrient loads of phosphorus (P) and nitrogen (N),
degrading surface and groundwater quality and eutrophying local streams and lakes (Cooke
et al., 1993).

Accepted manure management practices fail to adequately protect waters from excess
nutrients, microbial pathogens and added pharmaceuticals. Heavier manure and fertilizer
applications, especially at times when the soil cannot readily absorb them, combined
with an increase in the frequency and intensity of storm events, are now threatening surface
and groundwater quality even in areas with deeper soils (Wang, 2017). Increasing nutrient
loading in surface and subsurface waters degrades water quality and promotes the formation
of "dead zones" (Waller, 2021). Agricultural pollution remains a difficult policy issue.
As land-use change affects environmental degradation globally (IPBES, 2019) and in Europe
(EEA, 2020), monitoring land-use change is a key area of research and policy. However,
the extensification of agricultural production may bring with it challenges within the social
role of agriculture. There is a predominant use of technology and the labour force
is decreasing. This is also due to the different labour intensity within each type of farming.
According to Hlavsa and Stolbové (2007), in general, extensive farms with a high proportion
of grassland employ fewer people.

Agricultural labour is increasingly affected by changing climatic conditions. According
to Cortignani et al. (2021), arable farms (horticulture, fruit and greenhouses), e.g. located
in southern Italy, adapt to changes in agricultural conditions mainly by abandoning crops
with lower labour productivity. This will reduce family work and worker employment,
a serious outcome in areas where unemployment is already high. The production of crops
that are implemented in months with higher water availability is offered. However, the low
production of these crops does not allow for increased wages for family labour.

The differences in labour productivity between developing and developed countries are much
larger in agriculture than in non-agricultural areas (Blanco and Raurich, 2022). The authors
divide agricultural products into two sectors for comparison purposes: capital-intensive
agriculture and labour-intensive agriculture. As the economy develops and capital
accumulation increases, the price of labour-intensive agricultural products rises relative
to capital-intensive agricultural products. This price change drives a process of structural
change that shifts land and farmers to the capital-intensive sector, thereby increasing labour
productivity in agriculture. Giannakis and Bruggeman (2018) addressed agricultural
productivity in different farming systems and regions of Europe. They analysed the impact
of environmental (soil erosion, rainfall yield potential), structural (farmer education, age,
plurality, diversification, rented farmland), technical (yield ratio) and contextual (gross
domestic product per capita, population density) factors on labour productivity. Reidsma
etal. (2010) remains the most important study of the link between adaptation pathways
and profitability, using an econometric approach to assess the impact of structural
characteristics and climatic and socioeconomic conditions on farm performance between 1990
and 2003. His results show that adaptation to climate change is largely influenced by crop
rotation and input management, as well as farm size and land use intensity.
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2. Materials and Methods

Data base: Production is valued at the basic price (i.e. the price the producer receives from the buyer
plus the subsidies received for the product from the government minus excluding indirect taxes).
Agricultural production in the concept of the methodology of the Aggregate Agricultural Account
(AAA) is not derived from the sales of the enterprise, but from the quantity of production in kind
(including unfinished production) and the realisation prices of agricultural primary producers (EUR-
Lex, 2004). The data are drawn from the Czech Statistical Office (CZSO), which publishes
information in the AAA. The final data are known for 2020. The data included in the research are
from 2002 -2020. Until 2001, the CZSO collected data by exhaustive survey. The basis
for determining the respondent population of the agricultural surveys since 2002 are the results
recorded by the nationwide structural agricultural census - Agrocenzus 2000. This procedure is fully
in line with Eurostat legislation, which defines the statistical reporting unit on the basis of specified
"thresholds". Since 2002, the harvested area is not collected separately; hectare yields are calculated
per hectare of production area. The production area, excluding grain maize, green and silage maize
and permanent grassland, is equal to the area reported in the sowings. The sown area is the sum of all
arable crops grown on arable land. The agricultural sector includes agricultural primary production
enterprises whose activity is crop and livestock production and services for agriculture.

A partial data base for the research is the commodity and outlook reports of the MoA, which are based
on the research of the MoA and the outputs of the Institute of Agricultural Economics and Information
(IAEI)

Using the formula
Intermediate consumption (IC)

Cost — ti %) = 100
ost = ef fectiveness (%) Output of the agricultural industry (OAI) i 1)
Lab ductivity (%) NVA or GVA 100
= "%
abour productivity (% AWUs @)
Productivit ] mate lab _ NVAor GVA
roductivity of inanimate labour = Gross fixed capital formation (GFCF) 3)
Effici h tor (%) NVA or GVA 100
= *
fficiency of the sector (% Output of the agricultural industry (OAI) (4a)
Effict th tor (% Production subsidies 100 (4b)
= *
fficiency of the sector (%) Factor income
Everage gross earnings by sector
Wage disparity (%) = g ,g Chltd * 100 )
National economy wage
B index (C) = Value of the autumnal period
ase index (Cz) = Basic baseline period (6)

c ffecti £ th %) Realisation price minus production costs 100
ost — ef fectiveness of the cro = *
p L7 Production costs 7

Note:

AWU = Annual Work Unit (AWU). One AWU corresponds to the number of hours actually worked in a full-time
agricultural job. 1 AWU = 1800 hours, 225 working days of eight hours (Eurostat, 2019).

GVA = Gross value added at basic prices (Output of the agricultural sector less intermediate consumption,).
NVA = Net value added at basic prices (Gross value added - depreciation. New value created by industries
from the use of their productive capacity..
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GFCF = Gross fixed capital formation (The AAA distinguishes five types of components of gross fixed capital
formation, namely: planting of crops with recurring yields, livestock, tangible and intangible fixed assets,
machinery and equipment, transport equipment, agricultural buildings (non-residential).
OAI = Output of the agricultural industry. Includes the output of agricultural services and non-agricultural
secondary activities (non-separable).
IC = Intermediate consumption consists of the value of goods and services consumed as inputs
into the production process, excluding fixed assets, the consumption of which is recorded as consumption
of fixed capital.
Factor income = remuneration of all factors of production and represents the total value created by units
through their productive activities.
The sector is classified according to the CZ NACE section.

Source: EUR-Lex (2004).

Further methodological description of the indicators used in the Aggregate Agricultural Account (AAA):
ENTERPRENEURIAL INCOME = Operating surplus - interest paid+ interest received
OPERATING SURPLUS = Net value added at basic prices - compensation of employees- other taxes
on production+ other subsidies on production
CROP OUTPUT (Crop production) = cereals (including seeds) + industrial crops + forage plants+
vegetables + fruits + wine + other crop products
LIVESTOCK SECTOR = animals + animal products

Source: EUR-Lex (2004), CZSO (2020a).

3. Results and Discussion

An important outcome indicator of Czech agriculture is the value of total agricultural
production (current prices, constant prices). Equally important is the development
of entrepreneurial income of the agricultural sector. The amount expresses not only the profit
of agricultural enterprises and the means for their development, but also, in the case of natural
persons' enterprises, the source of livelihood of the farmer's family.

In 2020, the entrepreneurial income in Czech agriculture reached CZK 19,093 billion.
The agricultural sector's output in 2020 was the highest in five years (CZK 149 billion). Crop
production increased year-on-year from CZK 79.9 billion in 2019 to CZK 87.7 billion
in 2020. In contrast, the livestock sector saw a slight decline of CZK 0.22 billion to CZK 52.6
billion.

In year-on-year comparison, the cost intensity of production (1) was again reduced by 2.5 p.p.
in 2020, followed by an increase in the share of gross and net value added in production (4a)
by 2.6 p.p. and 3.2 p.p. respectively. The share of factor income support (4b) fell to 52.8%,
decreasing by 7.2 p.p. relative to 2019 (MoA, 2020, CZSO, 2020a).

In 2020, there is a marked increase in the overall efficiency of the agricultural sector, mainly
due to a decline in intermediate consumption, and the share of crop production, net and gross
value added is also increasing. The declining share of livestock production is not in line
with the strategic objectives of the MoA and is a negative development of the sector
from this perspective (MoA, 2020). The wage disparity of the agricultural sector (5)
isat 73 %. According to preliminary data for 2021 and 2022, the disparity is 79.1%
and 79.8% respectively (CZSO, 2023). The wage gap is lower for unskilled workers
and increases with education level and job position; it is highest for managerial workers
(MoA, 2020). Total wage compensation in the agricultural sector increased by 2.03% year-on-
year (2019-2020) (CZSO, 2020a). Employment in agriculture has been stable in recent years.
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Literature sources may differ on the number of employees. Depending on whether they record
agricultural workers or also fishery and hunting workers). The number of workers in 2020
was 92,800 Converted to AWU (AWU = 102,020; MoA, 2020) shows that the workforce
is overburdened with a large amount of overtime (i.e. beyond 1800 hours/year).

The share of economically active in agriculture is about 1.9 % and is also stabilizing year-on-
year. The age composition of agricultural workers in the country in 2000 was as follows:
workers aged 45-59 years (40%) had the highest representation, followed by the category
of workers aged 30-44 years (31.8%). The smallest share is in the category of workers aged
15-29 years (15.4%) and workers aged 60 years and over (12.8%) (MoA, 2020).

Labour productivity is a key factor in a country's economic performance. It is defined
as the value of output per unit of labour input (animate or inanimate labour). The AWU
is used in agriculture. After 2008, the CZSO reassessed the calculation of AWU, so it is not
possible to compare the resulting productivity values with previous years (before 2008).
Due to the decreasing number of AWU workers in agriculture and the increasing value
of total agricultural production, labour productivity is increasing (more Tablel).

Table 1. Selected indicators of Czech agriculture (2002-2020) — /price data in current prices/

OAI GVA NVA IC GFCF Agr. land AWU
Year Mil. CZK =~ Mil.CZK = Mil. CZK = MilL CZK = Mil. CZK ha Number
2002 1022904 =~ 287360 = 17288.0 = 735544 = 104378 | 3652028
2003 93670.7 = 270700 = 162658 666008 98456 3668380

2004 1157515 40987.0 = 291743 = 747641 @ 11807.0 = 3631423
2005 102893.1 = 29789.0 = 167968 = 731042 @ 14171.8 3605493
2006 1022654 = 284704 | 149695 = 737950 @ 147144 | 3565982
2007 1201825 = 335497 193688 = 866328 @ 156853 | 3596716
2008 119776.1 = 30868.6 = 162585 = 889075 @ 171122 | 3571594 120700

2009 978155 = 19132.0 4921.0 78 683.6 117012 | 3545840 114100
2010 1026058 = 244358 = 101812 = 781700 = 113498 3523857 108800
2011 118879.5 = 354354 | 206105 = 834441 162647 | 3504032 106200

2012 122 238.7 33991.4 18 968.1 88 247.4 18 071.1 3525889 105 800
2013 128 231.9 37 061.8 21478.2 91 170.1 17 591.2 3521 000 105 100
2014 137 021.9 40909.3 24 501.2 96 112.6 17 261.7 3515555 104 900
2015 128 515.5 38 829.0 21928.7 89 686.5 17 137.2 3493717 104 800
2016 1329703 45 695.2 28 007.6 87 275.1 20 897.7 3488 788 104 480
2017 133 868.5 44 098.6 253739 89 769.9 22 474.9 3521329 104 600
2018 136 040.1 43 607.4 23 686.5 92 432.6 22 729.9 3523216 104 340
2019 141 126.5 44 977.6 24 344.8 96 088.0 24715.0 3523 659 102 020
2020 149 013.4 51193.5 303959 97 777.5 214471 3523871 102 020

Cg 2002720 1.46 1.78 1.76 1.33 2.05 0.96 0.85

Note: Abbreviations - see methodology.
Sorce: Own processing according to the data: CZSO (2020a, 2023), MoA (2004, 2010, 2014), MoA (2020) and
CZSO (2020b).
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Labour productivity (2) has more than doubled from 2008 to 2020. The calculation of labour
productivity is interesting when converting agricultural outputs (production) into inanimate
labour (labour of machinery, equipment, real estate - i.e. investment). Over the period 2002-
2020, this productivity has a stable development with minor negative deviations. Calculation
(3) shows that with every crown invested in new investment inputs in agriculture (2020),
it generates 1.4 crown of NVA. This calculation is not commonly referred to as productivity
but rather as intensity, as it is not "typical" labour. Productivity growth is not only influenced
by the declining number of people employed in the sector, but also by the increasing output
of the agricultural industry (OAI). In current prices, this is an increase of 46 % from 2002
to 2020, while in kind it is an increase of 11 %. The decisive factor in the increase in total
output is crop production. Base index 2020/2002 (6) production at current prices = 1.72).
The increase in total agricultural production also reflects increased production consumption
10).

Similarly, the productivity (intensity) of the soil increases. Total agricultural production
per hectare of agricultural land (constant prices) increased by 15 % (43 % at current prices).
This is due to an increase in total sector production (11 %, constant prices) and also
to a decrease in the area of agricultural land (-4 %).

The main intensification factor is therefore: reducing the area of agricultural land while
increasing total production. The growth in agricultural production at constant prices
per hectare (+15 %) with a simultaneous increase in production consumption per hectare
of agricultural land represented a real increase in GV A per hectare of 32 %.

Total production consumption at constant prices (2002-2020) increased by only 3 %. while
the increase in consumption in kind per hectare of agricultural land at constant prices was
+6 %. Fertilisers and soil improvers' per hectare increased by 63 %. On the positive side,
investment in agriculture is increasing. The value of gross fixed capital has more than doubled
since 2002 These intensification factors have been increasing over the period under review

(Table 2).
Table 2. Baseline indices of selected agricultural inputs (2002-2020)

IC GFCF IC Fertilisers* GFCF IC Fertilisers* GFCF
Current prices Fixed prices Fixed prices per hectar of agr. land
Cp 200220 | 1,33 2,05 1,03 | 147 | 164 1,06 | 1,63 1,7

Note: *) Fertilisers and soil improvers
Source: authors' calculations according to CZSO (2020a), Formula No 6

Business income (profit before tax and investment subsidies, Table 3) increased from 2002
to 2020 from CZK -2.6 billion to CZK 19 billion (Index = 8.19). This is not only due
to the performance of Czech agriculture, but also to the support of the EU and the state budget
of the Czech Republic. The payment of subsidies increased from CZK 6.8 billion (2002)
to CZK 19 billion in 2005 (the year after EU accession) and to CZK 32.7 billion in 2020.

!'Soil improvers include lime, peat, sludge, sand and synthetic foams
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If Czech agriculture did not receive subsidies for production, the value of its profit

(entrepreneurial income) would be CZK -14 billion (2020) (CZSOa).
Table 3. Profit of the sector

Business income Business income per | Business income per | Received subsidies for
(Profit) unit of land unit of work production (EU, CR)
Mil. CZK CZK/ha CZK/AWU Mil. CZK
2002 -2 643.1 -723.73 84 032.2%) 6 786.6
2020 19 022.2 4 885.225 186 455.3 32784.5
Cg 2002720 8.19 8.46 2.22 5.11

Note: *) year 2008
Source: authors' calculations according to CZSO (2020a), MoA (2004) and MoA (2020).

A more detailed look is also focused on the production of the basic crop mix of crop
production. This includes basic field crops and is produced on average on 93 % of the Czech
Republic's sown area. In 2020, mix production was worth CZK 70 billion. The value
of production (current prices) has increased by 67 % since 2002. The development
of production over time is still monitored in real terms (production in CZK at basic prices).
Mix production at constant prices (due to the increase in per hectare yields) increased
by 14 %. The growth of the in-kind result of the mix production is moderate and gradual
and is influenced by the decrease in the mix crop area. The decrease in the area sown
in the production mix was -7 %. This is a reduction of more than 185 thousand hectares over
19 years. The area under sowing (total arable crops) fell by more than 224 thousand ha.
The decrease in the area under arable crops is due to the removal of land from the agricultural
stock (construction of infrastructure, planting of forests) or the conversion of arable land
to permanent crops (increase in permanent crops by 153 000 ha). The loss of arable land
in Czech agriculture (arable land plus fallow land) was also reflected in a decline in the area
of sunflowers, mustard and vegetables (parsley, carrots, tomatoes, onions, peas, cucumbers,
cabbage, cauliflower, cabbage) (CZSO, 2020a).

Crop mix production intensity (production/ha of sown area) increased by 33 %. Czech
agriculture has a limited amount of agricultural land in the Czech Republic (0.4 ha/capita).
The intensification process will therefore continue to be a way to ensure the production
of crop products for the population and feed for livestock. Organic land management
is increasing in the Czech Republic (15 % of agricultural land), mainly on permanent
grassland.

Another indicator (production per capita) also documents the increased ability to produce crop
commodities in the Czech Republic. The production of Mix crops in constant prices per capita
increased by 17 % in the period 2002-20120 (from CZK 4 025/capita to CZK 4 692/capita,
standard deviation = CZK 432/capita).

It is also interesting to see how the share of income of individual mix crops changes and thus
their relevance also in terms of profitability. The data are given in current prices of specific
years (Table 4).
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Table 4. Share of mix crop income in total mix income (%) at current prices

Year
wheat
Barley
Rye
oats
maize for grain
rape seed
pulses
sugar beet
Potatoes
Arable fodder crops
MIX Production
Production without
fodder crops

<)
N
~
0

2002 28.97 |15.23 |0.98 |1.26 |4.74 11.15 |0.72 |8.83 10.62 |17.52 100

2020|3036 |13.86 |1.11 |1.05 |4.57 16.64 |0.83 |6.38 |6.53 18.67 100 81.33

Source: authors' calculations according to CZSO (2020a).

The cost-effectiveness of wheat (2002-2020), even without subsidies (direct support),
is in positive figures. The declining profitability in the last 4 years is due to the price slump
in 2016 and the slow recovery. Barley has good growing conditions in the Czech Republic
and its overall cost-effectiveness is among the best crops (40 % on average).

The reduced profitability in recent years is again due, as for other cereals, to the increase
in costs between 2016/17. The importance of maize cultivation has increased over the last
decade in the country in relation to the production of bieotanol. In 2019/2020, of the total
amount of bioethanol produced in the country, 54.4 % was produced from maize, i.e.
from 26.1 % of the maize planted area. Increased sowings are also associated
with the growing use of maize as feed. The use of maize as seed, including seed for maize
silage, is significant. Maize is also frequently exported. Profitability is still positive
with exceptions (MoA, 2020). Rape is a soil-improving crop. The only criticism is that it is
grown in large monoculture fields. The low diversity of crops grown is not suitable in terms
of promoting biodiversity and may subsequently cause erosion. Rapeseed is also grown
on soils that may not be very suitable for its cultivation (Gebeltova et al., 2020). The simple
cost-effectiveness of rapeseed is uneven (-33 % to 26 %) (reason: rising wage and ancillary
costs, volatility of input prices). The development of the last five years suggests that rapeseed
cultivation is no longer economically viable for agricultural holdings, excluding aid
and subsidies. Although demand for rapeseed is increasing, the realisation price cannot cover
the total cost of production. For oilseed rape producers, the uneven profit trend is amply
compensated by subsidies (SAPS: basic payment + greening; Transitional national aid; ANC-
aid; green diesel, insurance). Rapeseed receives the highest subsidies of any crop in the Czech
Republic. For example, for cereals, subsidies of 800-1300 CZK/t per tonne were paid
(2014/2015-2019/2020). For rapeseed, the subsidy was CZK 1,800-2,200/t. In no year was
the cost-effectiveness of rapeseed less than O after the subsidy was added to the price
(Table 5).
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Table 5. Cost- effectiveness (simple and total) of the selected crop mix

Food wheat Barley Spring Corn for grain Oilseed rape for g:)(:s&(;f;tion
Simple and total | Simple and total | Simple and total | Simple and total | Simple and total
Period % % % % %
2002/03 23.78 | 107.46 | 46.39 | 46.39 | 30.28 | 30.28 | -19.06 | -19.06 96.39 96.39
2003/04 16.23 | 1623 | 6492 | 6492 | 11.59 | 11.59 |-33.48| -33.48 123.74 | 123.74
2004/05 70.74 | 96.85 | 82.66 | 11491 | 13.45 | 30.25 | 32.32 | 49.40 -10.94 -6.26
2005/06 5.68 | 3936 | 29.50 | 71.51 18.08 | 44.62 | -17.81 | 4.63 17.49 20.39
2006/07 6.06 | 41.74 9.36 53.69 9.28 3548 | 230 | 26.59 94.44 97.90
2007/08 50.59 | 81.38 | 43.74 | 80.09 | 38.01 | 60.08 | 14.39 | 37.30 29.84 35.06
2008/09 87.31 | 11537 | 111.62 | 145.02 | 106.78 | 132.89 | 32.32 | 52.62 5.52 10.79
2009/10 -4.81 | 2596 | 19.69 | 54.28 17.06 | 41.26 | -3.24 | 17.72 4.57 10.37
2010/11 13.75 | 4450 | 11.59 | 4840 | 23.62 | 4930 | -1.04 | 19.65 80.99 86.06
2011/12 68.87 | 96.48 | 63.20 | 95.77 | 87.75 | 109.01 | 19.80 | 37.69 -11.23 -6.20
2012/13 2296 | 56.10 | 31.74 | 67.32 | 72.38 | 100.00 | 17.85 | 39.05 -26.61 -20.93
2013/14 53.14 | 8540 | 56.10 | 94.74 | 33.60 | 57.51 | 26.92 | 48.14 -8.73 -3.08
2014/15 41.51 | 7150 | 62.44 | 97.11 | 40.83 | 65.10 | 19.12 | 38.29 -18.25 | -12.81
2015/16 17.21 | 45.14 | 39.81 | 73.72 | -27.37 | -4.60 | 0.36 19.33 -18.25 | -12.33
2016/17 472 | 3225 | 26.60 | 59.45 11.40 | 33.03 | 2.61 21.48 -3548 | -24.27
2017/18 0.89 | 30.11 13.11 | 54.10 | -436 | 2344 | -598 | 14.21 -5.24 5.77
2018/19 0.2 28.96 | 18.21 | 54.06 | -17.73 | 16.15 | -3.86 | 15.69 -14.26 -1.30
2019/20 29 30.8 21.5 46.39 | 18.00 | 26.60 | -15.80 3.1 26.40 36.1
average 26.76 | 58.09 | 41.79 | 73.44 | 26.81 | 47.89 | 3.76 | 21.80 18.36 24.19

Note: simple profitability is profitability of costs excluding subsidies, total profitability of costs including
subsidies (Formula No.7)
Source: own elaboration according to: MoA (2004, 2010, 2014) and MoA (2020).

Crop yields are affected by frequent weather extremes. For example (2009 - hailstorm
in May), tropical summers (2003, 2006, 2007, 2013, 2015 and 2018). An early winter came
in October 2009, and in 2012 there was hailstorm in August. Tropical summer temperatures
(35°C) were replaced by high rainfall in 2009 and 2010 with brief torrential rains. This caused
waterlogging to flooding of low-lying land. Waterlogging leads to a decrease in yields,
the development of fungal diseases or has an impact on poorer shelf life. The dry winter
and the lack of rainfall in the spring of 2007 already caused considerable problems in land
preparation. The mild winters (2007, 2019) with few days of snow cover allowed all pests
to overwinter (e.g. overpopulation of voles in 2019). Climatic conditions in recent years show
that irrigation is an important stabilizing factor in agriculture. However, the droughts
in (2012, 2015, 2018) showed that the irrigation systems built were only sufficient
to supplement the moisture deficit, not to cover it. In 2015, the summer was virtually devoid
of any rainfall. In some localities, the water supply in ponds and rivers was low and there was
a risk of limiting water extraction for irrigation. In some areas, irrigation water sources were
depleted in the summer (2018), and in many places a ban on surface water abstraction was
declared. As a result of the lack of water, plants stopped growing, which had a very negative
impact on their yields. Cold water irrigation, on the other hand, caused necrosis to form
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on plant leaves due to temperature shock (MoA (2004, 2010, 2014) and MoA (2020)).
The impact of the changes is reflected in the cost-effectiveness values (Table 5).

Achieving efficient food production while ensuring sustainable use of inputs is already a huge
challenge in the context of increasing urbanisation and industrialisation. However, climate
change will exacerbate the situation. It will undoubtedly affect crop productivity, reduce
water availability and change its seasonal distribution.

For example, the Research Institute of Agricultural Technology in Prague (RIAT) has carried
out research on the energy and food security of the Czech population in a crisis situation?.
From the data used on agricultural land and information from the field of agrotechnics
and zootechnics from 2010-2013, it is clear that: Approximately 1,908,800 hectares
of agricultural land are needed to ensure the food security of the Czech population.
This implies that 0.18 hectares of agricultural land is needed per capita. This is about half
the current value (RIAT, 2014). Previous research by Gebeltova et al (2020) shows
that production on agricultural land in the Czech Republic is negatively affected by relatively
higher agricultural land grabbing on fertile soils than land grabbing in marginal areas.
In practice, farmers pursue different objectives that do not correspond to good land
management practices. The authors' results also statistically confirmed the trend of decreasing
crop diversity in selected regions of the Czech Republic. Agricultural food production
in the world needs to increase by 50 % by 2050 to meet the growing demand for food.
The agricultural sector is already responsible for 70 % of global water demand and water
availability is expected to decrease by 40 % by 2030 due to increasing pressure (Foley et al.,
2011). Water is considered the most critical resource for sustainable agricultural development
worldwide (Santos Pereira et al, 2009), particularly in the context of climate change due
to the expected impact of changes in precipitation on crop reliability and production
efficiency. In addition, water used in agriculture generally has lower yields compared to other
uses (Zhang et al., 2018).

Irrigation in agriculture in Italy in 2013 covered approximately 19 % of usable agricultural
land and used 2/3 of the available water resources (Massarutto, 1999). Irrigation is a critical
issue in southern Italy due to: the high value of fresh fruit and vegetable production (Guzméan
et al., 2009). To increase the efficiency of raw material and food production, recycling
is effective. According to empirical results (Lu et al. 2022), Germany and Malta have the best
overall circular economy efficiency. According to the Pearson correlation coefficient test,
agricultural production, food waste, food waste recycling, CO> and methane are highly
correlated.

The production efficiency in the USA and Europe through the channel of knowledge
spillovers from technological innovation in the agricultural sector. In particular, the empirical
results evidenced a negative effect of land use spillovers on efficiency indicator for American
firms and a positive effect for European ones. Increased investment in research
and development is expected, which may further increase productivity and reduce

2 Crisis situation: a situation in which the supply of energy, especially diesel fuel, is restricted. In this case,
energy must be provided to ensure the basic functions of agriculture, i.e. to provide essential food
for the population, products needed for energy production and to ensure the maintenance of unused productive
agricultural land.
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the reliability of knowledge spillovers (Aldieri et al. 2021). Dumortier et al. (2021) also point
out that global GHG emissions are lower due to an overall reduction in arable land area.

4. Conclusion

Labour productivity has more than doubled from 2008 to 2020. The productivity
of ,,inanimate (immortalised)* labour has a stable trend with minor negative variations. Both
the declining number of AWUs and the increasing output of the sector have an impact
on productivity growth. In current prices, output increased by 46 %, while in kind it increased
by 11%. The growth in total output is driven by crop production. Land productivity is also
increasing. Total agricultural output per hectare of agricultural land (constant prices)
increased by 9 %. Wheat, barley, rapeseed and forage account for the largest percentage
of income in the crop mix. Rapeseed has increased its share of the income mix by about 5 p.p.
by 2020.

Farmers have increased the cultivation of rapeseed because it is subsidized and in demand
(production of a bio-component for diesel). Furthermore, the production (in tonnes) of all
mixed crops except barley, sugar beet and potatoes increased.

However, the dry summers have had an impact on both the sown area and the yields
per hectare. In the future, the Czech agriculture industry will not be able to do without major
investments in irrigation or covered areas. In this sense, however, investments on rented land
may be a problem. It is positive that the situation is improving in this respect. While in 2000
the operators were almost exclusively farming on rented land and the share of their own
cultivated agricultural land was 8.5 %, in 2020 they already owned 26.5 % of the total
agricultural area (MoA, 2020).
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Annotation: The more general objective of this paper is to examine the relationship between
human capital and education in agriculture. Specifically, it focuses on what factors influence
education and human capital development in agriculture and how these factors subsequently
influence the performance and competitiveness of the agricultural sector. Quantitative and
qualitative methods were used for data analysis. Quantitative analysis included statistical methods
such as full factorial designs, regression analysis, and correlation analysis. The qualitative research
included thematic analysis and content analysis of questionnaire surveys. The study proved the
positive influence of the share of agricultural university graduates on the efficiency (productivity)
in the use of agricultural land. Furthermore, the positive influence of GDP per Capital in the field
of agriculture and the entire society and protection designation (for origin, geographical and
traditions) was proven.

Key words: development and the need for human capital, educational programs, agricultural
research and development activity, competitiveness, technological development, factor effect,
interaction effect.

JEL classification: M11

1. Introduction

Education policy, human capital and modern technology are key factors that can contribute
to the development and efficiency of agriculture production (Ma Guoqun, at all, 2023).
Various empirical studies and authors currently examine the factors of sustainable agriculture,
the effects of advanced technologies, the effects and risks of genetic modification of crops
and livestock feed, and the correlation between GDP per capita and the efficiency
of agricultural production. Another phenomenon is the influence of a given company's general
knowledge and technological sophistication on the quality and productivity of agricultural
output. General knowledge is often associated with educational policy. According to some
studies, educational policies can help improve the level of farmers' expertise and technical
skills in agriculture (Wouterse, 2016; Mahsa et al., 2023). This is a typical situation where
government support is crucial to success. Governments can support educational programs
and courses that aim to improve farmers' skills in cultivation, processing, efficiency in using
new technologies (e.g. precision agriculture) and marketing agricultural products (Jean et al.,
2023). Better education can lead to an increase in labour productivity and the profitability
of agricultural production. So, in general, modern technologies such as GPS and its satellite
mapping, sensors and robotics in sowing, harvesting and maintenance of livestock production
help farmers increase their activities' efficiency and profitability. The use of modern
technology can help farmers improve planning and process optimization, leading to increased
labour productivity and reduced costs (Bull et al., 2022). Modern technology can also help
improve the quality of agricultural products and the outputs of production processes.
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Other studies place agricultural research and innovation more in the context of divergent
thinking and the adaptive capabilities of human capital. In this regard, human capital is key
to developing the agricultural sector (Braun et al., 2022). Investments in human capital, such
as training, educational programs and health care, can help farmers improve their skills
and performance. Human capital also significantly helps create a quality workforce that is key
to developing and maintaining the agricultural sector's competitiveness (Ren et al., 2022).
A measure of education is used for the level of human capital development in agriculture.
An interesting factor in the development and sustainability of agriculture is the connection
between the share of workers who have obtained higher education (university education)
and the quality and productivity of production. The author dealt with this phenomenon,
e.g. (Braun, 2021) and concluded that a higher level of education could contribute to more
outstanding expertise, better planning, and management of agricultural production.

Education policy, human capital and modern technology have been repeatedly proven
in empirical studies to be critical factors that can help increase the -efficiency
and competitiveness of the agricultural sector and its long-term sustainability in terms
of negative environmental impact. These factors can help farmers improve their skills,
optimize processes and use modern technology, which leads to increased labour productivity
and profitability of agricultural production.

The objective of the paper's contribution follows from the previous text. It can be briefly
characterized as what other factors (introduced education and human capital development
in agriculture) affect the performance and competitiveness of the agricultural sector?
And how do these factors interfere with agricultural higher education regarding Agricultural
land productivity?

2. Materials and Methods

We used secondary data from the EUROSTAT database (in the time frame 2018-2021), data
on the proportion of agricultural students in tertiary education (PDoOGT) - marked as factor
A; data on the protected designation of original, geographical indications and traditional
specifics (PASTE) - marked as factor B; GDP per Capital in the countries of the European
Union (GDPpC) - designated as factor C.

We determined the normality in the distribution of controlled variables using the Normal
Probability Plot and the Anderson-Darling test to verify a linear regression model
of the dependence of the productivity of the agricultural (cultivated or abandoned) area
depending on the factors A, B, and C of the first order of their interactions.

The progress includes the development of a full-factorial model that covers the relationship
between the empirical mean of productivity of agricultural land (formula (1) from the set
of factors A, B, and C.

__ (cp+ap)% (1)
- aa %

Where cp is crop production, ap is animal production and aa is agricultural area.

The estimated ratio of the mean productivity of agricultural (cultivated or defamed) area
y 1s given by the sequential formula of a regression model for three factors.
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Y= Bo+ P1xy+ Baxz +r+ Brax1xy + Pr3xgxz + -+ E, (2)

where f; and f3, are the regression coefficients (calculated as half the effect of a given factor)
and [, is the distance of the origin of the response surface at the beginning of the Cartesian
system (calculated as the average response in the factorial experiment). The term
€ is the normally distributed random error. The regression coefficients f;, and B3
correspond to the interaction between the process parameters x; and x2 and x1 and x3,
respectively.

Suppose we symbolically mark the three factors of the two-level, full-factorial design as A, B
and C. In that case, the effect of each factor and interactions between the factors can be

formally calculated according to the following formulas (Macak et al. 2021).

Estimation of the effect of factor A:
1
A=}7A+—}7A—=E[a+ab+ac+abc—b—c—bc—(1)] 3)

Estimation of the effect of factor B:

B=§B+—§B_=L[b+ab+bc+abc—a—c—ac—(l)] 4)
4n

Estimation of the effect of factor C:

C=§C+—yc_=4L[c+ac+bc+abc—a—b—ab—(l)] (5
n

Estimation of the effect of interaction between factors A and B:

AB=y

agt Yap ~

4L[ab+(1)+abc+c—b—a—bc—ac] 6)
n

Estimation of the effect of the interaction between factors A and C:

AC=Yy, .-y _=$[ac+(l)+abc+b—a—c—ab—bc] 7)

AcCt yAC

Estimation of the effect of the interaction between factors B and C:

— _ |
BC:yBC+—yBC_ZE[bc+(1)+abc+a—b—c—ab—ac] (8)

Y4* = the mean response factor for the upper-level A, the average response for the lower level

of factor A; y, = the mean response factor for the lower-level A, the average response
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for the lower level of factor A; (1), a, b and ¢ = all the eight combinations of the responses
for two setting levels of the three factors, and n = the number of replications of this design.

As the last step, we have created a critical discussion of the results and the possibility
of generalizing the conclusions and transferring them to other industrial areas, especially
the factor of education and economic productivity on agricultural prosperity.

3. Results and Discussion

We analysed data from 20 EU countries located in four geographical groups (Southern
Europe: Greece, Portugal, Spain, Italy, Western Europe: Luxembourg, Netherlands, Austria,
Germany, France, Eastern Europe: Czechia, Slovenia, Slovakia, Poland, Hungary, Bulgaria,
Romania, Northern Europe: Estonia, Latvia, Denmark, Sweden, Finland, Lithuania).

Based on the data analysis of the 20 EU countries divided into four geographical groups
(Southern Europe, Western Europe, Eastern Europe, and Northern Europe), we can make
some observations and describe the results. Southern Europe (Greece, Portugal, Spain, Italy).
These countries are in southern Europe and are known for their Mediterranean climate.
They have a rich historical and cultural heritage and are popular tourist destinations. Western
Europe (Luxembourg, Netherlands, Austria, Germany, France). These countries are located
in the western part of Europe and are generally considered more economically developed.
They have strong economies, high standards of living, and well-developed infrastructure.
The analysis results for this group may indicate trends or patterns related to their economies,
trade, or other relevant factors. Eastern Europe (Czechia, Slovenia, Slovakia, Poland,
Hungary, Bulgaria, Romania). These countries are located in Eastern Europe and have diverse
histories and cultural backgrounds. Some countries have transitioned from centrally planned
economies to market-based systems in recent decades. Northern Europe (Estonia, Latvia,
Denmark, Sweden, Finland, Lithuania). These countries are located in northern Europe
and often have a colder climate. They have well-developed social welfare systems, high-
quality education, and advanced technology sectors.

Here it is necessary to mention that the geographical division does not affect the research
question of learning the strength of the factors and possible interactions of interactions
on the response (agricultural Land productivity). This geographic segmentation is important
for further research, for example, for using a higher model level (if it will be necessary
to exclude the influence of a third variable or if the interactions will have a greater effect
on the response than the factors themselves).

The normal plot from the design is shown in Figure 1. The terms with the highest positive
effect are on the right. According to Figure 1, the separate factors (GDP per capital C, data
on protected designation B, proportion of agricultural students A) are also crucial
for the productivity of the agricultural area. The two- and three-way interaction terms are only
important for the BC interaction. Therefore, it is appropriate to use multiple linear models
to estimate the mean productivity of the agricultural area. The interaction causes a 'curvature'
of the response space, which means using a higher degree model (e.g., polynomial regression)
would be appropriate.

The Pareto chart in Figure 2 shows that factor C (GDP per Capital) has the greatest
(and positive) influence. This is followed by the influence of factor B (protected designation
of origin), and there is a positive influence of factor A (proportion of agricultural students
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in tertiary education). Interestingly, there is a synergistic effect between GDP per Capital
and protected designation of origin. Other synergies are statistically insignificant.

Figure 1. N-P plot of the standardised effect for the productivity of the agricultural (cultivated or abandoned)
area.
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Figure 2. The pareto plot of standardized effects shows the same selection of significant factors as the N-P plot
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The Pareto chart in Figure 2 shows that factor C (GDP per Capital) has the greatest
(and positive) influence. This is followed by the influence of factor B (protected designation
of origin), and there is a positive influence of factor A (proportion of agricultural students
in tertiary education). Interestingly, there is a synergistic effect between GDP per Capital
and protected designation of origin. Other synergies are statistically insignificant.

The two-way and three-way interaction terms are not important for further responses.
Therefore, it is appropriate to use multiple linear models to estimate the mean profit
and reliability responses. The interaction causes a ‘curvature’ of the response space,
and this means it would be appropriate to use a higher degree model (e.g., polynomial
regression).

Figure 3 shows the optimization sensitivity of the response of agricultural area productivity
depending on the setting of three factors.

Figure 3. Optimization response sensitivity.

Optimal A: PDoOG B: PASTE C: GDPpC
. High 10 10 10
0:09974 ¢, [1.0) 1.0 1.0]
Low -1.0 1.0 -1.0

Agricult ____..--""'-'
Maximum /

y= 433(: ¥ 4
d = 099744

Source: own design, (2023)

According to the following response sensitivity formula, all factors have a statistically
significant effect on the response, so setting them to the maximum notes in the filling interval
is advisable. The factor GDP per Capital in the countries of the European Union (GDPpC)
has a strong influence, the factor geographical indications and traditional specifics (PASTE)
has a medium effect, and the factor proportion of agricultural students in tertiary education
(PDoOGT) has a weak effect. The factor (PDoOGT) is the only one that does not interfere
with another factor.

The corresponding equation to predict the response depending on the setting of factors
(GDPpC), (PASTE), and (PDoOGT) is given below.
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Regression Equation in Uncoded Units.

Agricultural Land = 2,7600 + 0,3550 (PDoOGT) + 0,4125 (PASTE) + 1,1725
Productivity (GDPpC) +0,1850 (PASTE) x (GDPpC))

Where: (PDoOGT) is proportion of agricultural students in tertiary education - marked
as factor A; data on the protected designation of original, geographical indications
and traditional specifics (PASTE) - marked as factor B; GDP per Capital in the countries
of the European Union (GDPpC) - designated as factor C.

4. Conclusion

The research findings indicate that education and human capital development play a crucial
role in the agricultural sector's competitiveness. Specifically, the presence of agricultural
university graduates positively impacts the efficiency and productivity of agricultural land
use. This suggests that individuals with agricultural education bring about innovation, adopt
improved technologies, and contribute to increased productivity in the sector. Additionally,
the study highlights the significance of GDP per capita in influencing agricultural sector
competitiveness. Higher GDP per capita indicates a stronger economy and greater financial
resources, which can support the agricultural sector through investments in infrastructure,
technology, and overall growth. A positive relationship between GDP per capita
and the competitiveness of both the agricultural sector and the wider society was observed.

The research also emphasizes the positive influence of protection designation on agricultural
sector competitiveness. Protection designation, which encompasses factors like origin,
geographical importance, and traditions, enhances agricultural products’ marketability,
reputation, and perceived value. This recognition contributes to increased competitiveness
in the sector. Furthermore, the study indicates a positive relationship between GDP per capita
and protection designation. Higher GDP per capita can support recognizing and preserving
unique characteristics associated with agricultural products, further enhancing their
competitiveness.

On the other hand, the proportion of agricultural students in tertiary education was found
to have a weak statistically significant effect on agricultural competitiveness. And further,
the proportion of agricultural students in tertiary education does not interfere with other
factors (i.e. it does not affect GDP per person or the original designation of the agricultural
sector or the protection designation). This finding suggests that increasing agricultural
students in higher education may translate into something other than improved
competitiveness. It highlights the need for other factors and strategies to complement
educational efforts in enhancing the sector's competitiveness.

The research findings provide valuable insights into the relationship between education,
human capital development, and the agricultural sector's competitiveness. However,
it is important to acknowledge the limitations of this study and identify areas for potential
follow-up research.

The full factorial design and analysis focused on specific factors such as agricultural
university graduates, GDP per capita, and protection designation. Future research could
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explore additional variables that may influence agrarian sector competitiveness, such as
access to financial resources, technological advancements, infrastructure development,
or government policies and support. Furthermore, the research findings establish correlations
between different factors, but causality and the direction of the relationships cannot be
determined conclusively. Next, the research could employ more rigorous methodologies, such
as higher-order model experimental designs, excluding the influence of the third variable
(confounding variables) to explore causal relationships between education, human capital
development, and agricultural sector competitiveness. Because the research findings are
specific to the database and countries included in the analysis, it would be valuable
to replicate the study with a larger sample size and a more diverse set of countries or regions
to assess the generalizability of the results across different contexts.

And it is also necessary to consider that the accuracy and reliability of the database used
for analysis are crucial factors. Therefore, future research could focus on ensuring high-
quality data collection and employ robust data validation techniques to enhance the reliability
of the findings. A comparative analysis between countries or regions with different levels
of education and human capital development can be used for that purpose, providing valuable
insights into the relative impact of these factors on agricultural sector competitiveness.
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Annotation: United territorial communities are entering a new stage of their life. They obtained
authorities, their own and external resources. They are responsible to the residents
for the comfortable and safe living environment. For that reason, the strategy of predicted
and motivated development is necessary. Human factor is considered the key inner recourse,
that is, the capability of community members due to their knowledge, skills and interaction,
to make a contribution to community development every day, either individually or together.
In this article the main conceptual directions are determined, the analytical assessment
of techniques and approaches used for elaborating territorial community development strategy
is carried out. The dynamics of forming united territorial communities of Ukraine and Lviv region
is analyzed. It was ascertained to be mostly conditioned by the fact that the legislation provides
for voluntary union, which in the future will slow down the process and will cause certain
problems. The situation of considering public opinion concerning elaboration of community
development strategy in five united territorial communities of Lviv region has been monitored.
The model of elaborating community development strategy is suggested on the principles
of human-centered approach, which includes consideration of social community status, priorities
of their development, strategic and operational goals. The provision saying that maximum
involving civic society institutions is an important way of raising local self-government efficiency
and forming territorial community capability is substantiated

Key words: Decentralization, Administrative and Territorial Reform, Territorial Community,
Human Factor, Development Strategy.

JEL classification: JO1; O15; H70

1. Introduction

A radical change in the system of power and its territorial basis at all levels, making real steps
towards country development, meeting modern challenges of the society — all that concern
the reform of power decentralization in Ukraine based on the provisions of the European
Charter of Local Self-Government. The reform of power decentralization in Ukraine was
necessary because the current local self-government system doesn’t meet the needs
of the society, doesn’t ensure creating and maintaining favourable living environment for all-
round human development and self-realization, rights protection, providing the population
with  high-quality and affordable administrational, social and other services
on the corresponding territories. It’s worth mentioning that territorial community development
in any direction or sphere, ensuring the vital activity of the community in accordance
with the interests of the population and European principles of state policy concerning local
self-government depends directly on human factor development, which is the foundation
for social and economic progress of the society on the whole. Creating conditions for human
potential realization means strategic success both for individual territorial community
and social and economic growth of the country as a whole.

Human factor in our study reflects a set of physiological, intellectual, labour, social,
psychological, ethno-cultural possibilities that can be used now or in the nearest future and are
realized in the environment ensuring their development (reproduction, accumulation,
qualitative usage). Human factor is a set of properties accumulated by human economic
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system in the process of its formation and conditions its possibilities concerning functions
and development.

The purpose of the study is to elucidate the role of human factor in the processes of forming
territorial community development strategy, to analyze the ways of involving people
in cooperation to plan the community activity, to identify modern innovative tools
and mechanisms for solving problems of local development, as well as the essence
of “efficient governing”, for a person to become an active participant of positive changes
in community development.

2. Materials and Methods

The methodological concept implies interrelationship and interaction of scientific approaches
to determining the role of the human factor in forming territorial community development
strategy. They are as follows: abstract and logical method — for substantiating theoretical
provisions of local development programme elaboration; systemic and holistic approach was
used while determining the role of the human factor in forming territorial community
development strategy; graphical method was used for reflecting methodological construction
of the concept of the human factor role in territorial community development strategy; SWOT
analyses method was used for identifying strengths and weaknesses, opportunities and threats
in planning effective social development of the community. The sources of information
for conducting the research were publications of scientists and practitioners who studied
the influence of the human factor on realization and results of administrative and territorial
reform, as well as the data of official informational resources, the results of personal
observations included.

3. Results and Discussion

Decentralization process in Ukraine has begun since “The Conception of reforming local self-
government and territorial power organization in Ukraine” was adopted on the 1% of April
2014 No.333-p, the main purpose of which is determining directions, mechanisms and terms
of forming efficient local self-government and territorial power organization for creating
and maintaining full-fledged living environment for citizens, providing high-quality
and affordable public services, forming institutions of direct people’s power, meeting citizens’
interests in all spheres of life on the corresponding territory, reconciling the interests
of the state with those of territorial communities.

To achieve the goal of the Conception the following tasks should be performed:

- to achieve optimal distribution of powers between local self-government bodies
and executive power bodies;

- to ensure provision of affordable and high-quality public services;

- to determine a reasonable territorial basis for activity of local self-government bodies
and executive power bodies for providing affordable and appropriate quality public services
by basic level bodies (village, town councils and their executive bodies, representative offices
(representatives) of individual executive authorities), district level bodies (district council
and their executive bodies, district state administrations, territorial bodies of central executive
authorities) and regional level bodies (regional councils and their executive bodies, regional
state administrations, city councils and their executive bodies, city state administrations,
territorial bodies of central executive authorities);

- to create appropriate material, financial and organizational conditions for ensuring
the fulfilment of their own and delegated powers by local self-government bodies (Order
of the Cabinet of Ministers of Ukraine on the Conception, 2014).
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Later the Plan of measures concerning the implementation of the Conception of reforming
local self-government and territorial power organization in Ukraine was approved, indicating
the need to amend the Constitution of Ukraine and to form a package of new legislation
(Order of the Cabinet of Ministers of Ukraine on the Plan, 2014).

The Law of Ukraine “On voluntary union of territorial communities” adopted on the 5%
of February 2015 No.157-19 is one more normative and legal document containing general
provisions (principles, subjects, basic conditions of voluntary uniting citizens), the order
of voluntary uniting territorial communities (initiation, the order of preparing draft decisions
concerning voluntary uniting territorial communities, requirements for them, forming united
territorial communities), state support for voluntary uniting territorial communities
and the final provisions with adding article 14 about the headman (Law of Ukraine
on voluntary union, 2015).

Decentralization reform was initiated mostly in view of the unsatisfactory ability of majority
of local self-government bodies out of about 11 thousand local councils existing till 2014
to exercise their own and delegated powers at the appropriate level. Ensuring appropriate
ability of territorial communities to provide public services became one of key goals
of reforming local self-government and territorial power organization on the principles
of decentralization.

According to statistic data, 159 communities were formed in Ukraine in 2015, most of them
in Ternopil region -26 communities. In 2016 the number of communities increased by 207
(most of them — in Zhytomyr region -23 new communities), it made up 366 communities.
In 2017 299 new communities appeared (25 in Volyn region), together it made up 665
communities. As of November 2018 — 57 new communities were formed, 123 communities
are looking forward to elections on December 23" this year. All in all, during 3 years
of power decentralization reform in Ukraine 722 united territorial communities were formed.
In Lviv region Zabolotsi village united territorial community became a pioneer of the reform.

During the first stage of decentralization (2015-2019) 1029 united territorial communities
were formed (49 out of them are waiting for the decision of the Central Election Committee
about appointment of local elections and 44 united territorial communities has administrative
centres in the cities of regional significance). In united territorial communities 11,7 million
people live (33,3% of the total number of population of Ukraine). The area of united territorial
communities makes up 246,8 thousand square km (44,2% of the total area of Ukraine)
(Figure 1).

Figure 1. Dynamics of forming united territorial communities in years 2015-2019
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The second stage of decentralization reform that began in 2020 focused on the need
to increase the capability of the united territorial communities first of all to provide public
services (Shevchenko O., Romanova V., Zhalilo A., 2020). As a result of administrative
reform completion in 2020 1439 territorial communities with total area 576,6 thousand square
km were formed in 119 districts of Ukraine. In Lviv region 73 territorial communities were
formed in 7 districts (Decentralization, 2023).

The sixth wave of the Ukrainian nationwide sociological research “Decentralization and local
self-government reform” was carried out by Kyiv International Institute of Sociology
in October-November 2021 commissioned by the Council of Europe Programme
“Decentralization and Reform of Public Administration in Ukraine” in cooperation
and coordination with the Ministry of Community and Territory Development of Ukraine.

In the course of the research the socio-political attitudes of the adult population (aged 18
and older) were studied through a survey. Main stages of the survey included working out
a questionnaire and its supporting tools, selection, interviewing respondents, controlling work
quality, inserting and checking data as for logical mistakes, preparing the final amount
of the data, tables of one- and two-dimensional distributions and analytical report.

The first wave of the research was conducted in September- October 2015, the second wave —
in October-December 2016, the third wave — in October-December 2017, the fourth wave —
in November-December 2018, the fifth wave- in August- September 2020.

To conduct the survey a stratified, four-stage selection was elaborated, random at each stage.

The selection was represented for adult residents who live permanently on the territory
of Ukraine, are not in the military services, in prison or medical institutions (hospitals,
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hostels). The territories not temporarily controlled by the government of Ukraine
(the Autonomous Republic of the Crimea, some areas of Donetsk and Luhansk regions) were
not included into the selection.

At first the population of Ukraine was stratified according to regions (24 regions and the city
of Kyiv), then the population of each region additionally was stratified into urban (cities
and towns) and rural (with the exception of Kyiv where the population is totally urban). So,
on the whole, the population of Ukraine was divided into 49 strata. Due to the number of adult
population it was determined how many interviews have to be conducted and how many
settlements interviewed should the stratum include. In Donetsk and Luhansk regions only
the population of the territories controlled by the government of Ukraine was stratified.

After stratification specific places were selected where interviewers have to work. At the first
stage within each stratum settlements were selected. Urban settlements were selected
in proportion to the number of adult population in the very settlement. Within rural strata first
districts were selected (in proportion to the number of adult population in the district),
then within the selected district villages were selected at random. At the second stage polling
stations were selected within each settlement. At the third stage the initial address — a street
and house number were selected, and in the multi-storied buildings — the number of the flat
where the interviewers began the survey. At the fourth stage respondents were selected
and surveyed through modified and rout selection.

The survey was conducted by personal interview of the respondents in the households where
they lived.

Due to the implementation of random selection at all stages in the final amount of the data
women and older people were re-represented a little. To restore the correct proportion
a special statistical “weight” was constructed.

The data below are displayed for Ukraine as a whole and separately for 4 macro-regions.
Macro-regions consist of: the Western macro-region — Volyn, Rivne, Lviv, Ivano-Frankivsk,
Ternopil, Transcarpathien, Khmelnytsk, Chernivtsi regions; the Central macro-region —
Vinnytsia, Zhytomyr, Sumy, Chernihiv, Poltava, Kirovohrad, Cherkasy, Kyiv regions, the city
of Kyiv; the Southern macro-region — Dnipropetrovsk, Zaporizhzhia, Mykolayiv, Kherson,
Odesa regions; the Eastern macro-region — Donetsk, Luhansk and Kharkiv regions.

The field stage of the survey lasted from October 26 till November 17® 2021. In general,
within the framework of the research 2000 respondents living in 152 settlements of Ukraine
were interviewed.

The statistical error for selecting 2000 respondents (with a probability of 0.95 and for a effect
design 1.5) does not exceed:

- 3.3% for indicators close to 50%,

- 2.8% for indicators close to 25% or 75%,

- 2.0% for indicators close to 12% or 88%,

- 1.4% for indicators close to 5% or 95%,

- 0.7% for indicators close to 1% or 99%.
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Table 1 gives the number of respondents, error and social-demographic profile of each
category in term of which the data are presented in the report.

Table 1. The social-demographic profile of selection respondents on the whole and respondents in terms
of settlements depending on their administrative status

Status History Distance to the centre
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Number of 2000 | 1350 | 650 | 1350 | 450 | 200 80 200 130 80 160
respondents
Error 33 4.0 5.8 40 |69 (104 164 | 104 | 129 | 164 | 11.6
Region
- West 27.2 21.2 | 39.7 | 21.2 |41.7 | 349 52.1 40.7 | 40.0 | 38.0 | 33.0
- Centre 34.8 36.5 | 31.2 | 36.5 [36.1 |19.1 13.0 | 29.0 | 44.7 | 47.8 | 228
- South 24.7 277 | 182 | 277 |15.7 |24.2 35.0 16.2 00 | 142 29.7
- East 13.4 14.6 | 10.9 146 | 6.5 |21.8 0.0 14.1 153 | 0.0 | 145
Type and size of the settlement
- village 338 | 63 92.0 6.3 |88.7 | 100.0 | 100.0 | 84.0 | 92.0 | 88.6 | 100.

- small town (upto| 15.4 19.0 8.0 19.0 |11.3 | 0.0 0.0 16.0 8.0 114 0.0
20 thousand.)

- town (20-99 13.1 19.3 0.0 19.3 |1 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
thousand)

- big city (100 and | 37.7 55.5 0.0 555 1 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
more thousand)

Administrative status

- Community 67.9 --- --- --- --- --- --- --- --- --- ---
centre
- Not a community | 32.1 --- - - - - - - --- --- -
centre
History of the administrative status
- Retained centre 67.9 --- 0.0 - - - 0.0 0.0 0.0 0.0 0.0
status
- Lost centre status| 22.7 --- 70.7 - - - 39.1 82.2 714 | 89.4 | 61.6
- Retained non- 9.4 29.3 60.9 17.8 28.6 | 10.6 | 384
centre status
Gender
- man 453 445 | 47.1 445 147.1 | 47.1 48.8 48.3 46.5 | 465 | 45.6
- woman 54.7 555 | 529 | 555 [529 | 529 51.2 51.7 535 | 535 | 544
Age

- 18-29 years old 16.1 16.1 | 16.1 16.1 |17.3 13.3 16.3 17.0 155 | 193 | 139

- 30-39 years old 20.3 213 | 180 | 21.3 |19.0 | 156 15.1 13.2 173 | 255 | 222

- 40-49 years old 18.0 183 | 174 | 183 |17.2 | 178 19.6 17.1 144 | 148 | 20.5

- 50-59 years old 16.6 159 | 18.0 159 |16.8 | 20.8 19.2 22.1 17.7 | 13.0 | 15.0
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- 60-69 years old 153 154 | 153 154 (142 | 179 17.2 16.2 146 | 12.1 | 154
- 70+ years old 13.7 13.0 | 152 13.0 |154 | 14.6 12.7 14.5 205 | 152 129
Education
- incomplete 4.4 3.5 6.3 3.5 7.3 4.1 2.9 7.6 6.8 6.7 5.9
secondary and
lower
- complete 29.6 23.6 | 423 | 23.6 [423 | 424 29.0 | 455 444 | 34.1| 474
secondary
- secondary special | 33.5 345 | 316 | 345 [323 | 29.8 40.2 31.4 29.6 | 319 29.0
- higher 32.1 38.1 | 19.6 | 38.1 [17.9 | 23.7 27.9 15.5 192 | 273 | 169
- hard to say 0.3 0.3 0.2 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.7
Main occupation
- worker (industry, | 19.8 (20.0 193 | 20.0 |18.2 [22.0 10.3 22.0 175 | 83 | 27.7
(agriculture)
- white-collar 84 9.0 7.3 9.0 7.1 |17 19.5 4.2 5.9 8.2 5.8
workers
- specialist 153 183 9.0 183 |10.0 (6.7 10.7 8.0 89 170 | 53
-self-employed, 5.7 16.0 5.0 6.0 54 |41 10.4 53 4.6 2.1 39
entrepreneur,
farmer
- army, police 0.7 (0.7 0.7 0.7 0.8 (0.4 0.0 0.0 0.6 0.0 2.3
- householder 89 6.6 13.6 6.6 13.5 |14.0 10.7 15.4 10.0 |13.5 | 159
- retired 302 |29.3 319 | 293 |31.6 |32.8 26.3 32.8 36.7 326 | 29.2
- pupil, student 2.8 (32 1.9 3.2 1.4 |33 4.0 1.5 1.1 0.0 3.2
- unemployed 7.9 6.6 10.7 6.6 11.4 9.0 8.2 9.9 147 163 | 6.6
- hard to say 0.3 0.3 0.5 0.3 0.7 (0.0 0.0 0.8 0.0 1.8 0.0
The level of family well-being
- very low 13.1 |[11.8 157 | 11.8 |19.5 [6.6 11.0 18.1 213 1100 | 133
- low 36.2 |35.6 374 | 356 |[342 (453 335 412 | 422 323 | 334
- average 42.0 (435 38.7 | 43.5 |38.7 [39.0 47.1 31.7 302 (478 | 459
- high 6.1 (64 5.5 6.4 43 |85 7.6 3.8 5.2 4.6 7.4
- hard to say 2.7 2.7 2.6 2.7 34 0.7 0.8 5.1 1.2 5.3 0.0

Source: The sixth wave of the Ukrainian nationwide sociological research “Decentralization and local self-
government reform”, Kyiv International Institute of Sociology, October-November 2021 commissioned by the
Council of Europe Programme “Decentralization and Reform of Public Administration in Ukraine” in
cooperation and coordination with the Ministry of Community and Territory Development of Ukraine. URL:
http://www.slg-coe.org.ua/category/library/

While interpreting the results among some categories (specific regions, categories, etc.),
it should be taken into consideration that since there are fewer respondents in this category
than selection in general, the margin of error is accordingly higher. We also took into account
the “intersection” of some social-demographic categories. Among poorer respondents,
for example, aged and less educated people are represented. For that reason each category
in which the data are given, are presented in Table 1 according to the number of respondents,
error and also social-demographic profile of this category

Due to decentralization reform the government institution —the closest to a citizen— local self-
government was formed. Decentralization reform is based on the provisions of the European
Charter of Self-Government. The beginning of the reform caused a contradictory attitude
towards it from community residents and the representatives of local self-government bodies.

100




It was expected that at the beginning of the reform its support among the population
was lower than today, but every year the support increased. According to the sixth wave
of the national sociological research in 2021 63% of citizens support decentralization
(it is by 4% more than last year). The level of awareness in the course of administrative
and territorial reform makes up 83%.

The assessment of activity of local self-government body representatives also improved:

- 41% of the respondents positively approve of community head, 15% - negatively;

- respondents assess local council activity rather critically: 33% think its work
to be positive, 16% - negative;

- the assessment of headmen activity was also conducted in the settlements that are not
community centres: 51% of the respondents assessed positively their headman’s activity, 9% -
negatively.

In general, the study shows positive perception of the reform among the population
and its significance. However, as in 2020, the population expects changes from the reform
in some spheres:

- 58% - expect the corruption to decrease due to the reform;

- 42% - expect high quality and affordable services to improve due to the reform;

- 32,5%- expect improving territory organization (Reforms, 2021)

The community itself is the most valuable capital (asset) of a territorial community.
The social capital is formed from an active community and is a component of the nation’s
capital, moreover, it’s an integrated indicator of the collective action of individuals
and groups, who receive higher social and economic results due to synergetic effect of joint
and coordinated actions. Nowadays the question of human factor role in the process
of elaborating territorial community development strategy, planning and taking management
decisions is the first item in the agenda of local authority renewal.

People — their knowledge, ideas, intellect, desire and ability to cooperate in order to solve
current community problems collectively and act towards developing different spheres
of the society — are an important factor of competitive advantages under modern development
conditions, it is a social community capital. Article 3 of the Constitution of Ukraine says,
“Man, his life and health, honour and dignity, inviolability and security are recognized
as the highest social value in Ukraine”. That is why any policy in Ukraine at the local
and national level must be aimed at people, meeting their interests, creating conditions for full
development, safe and comfortable life environment.

Modern society makes out and improves ways and mechanisms stimulating people to mass
self-organization and involving them in development planning processes, thus promoting
establishment of interpersonal and intergroup relations based on mutual trust and trust
in the authorities. It will harmonize political, social, economic interests, improve
the possibilities of their rational expressing at the levels of the community, country
and society. In terms of stability, efficiency of action planning and economic development
cooperation in the community turns out to be more important development factor that any
other (physical, economic) recourses.

Ways of involving citizens in planning and decision-making at all levels can be the subject

for discussion and they are actively studied by scientists, politicians and public figures.
It is safe to say that increasing the role of the human factor in decision-making processes
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becomes an absolute long-term modern tendency. Management classics claim that the key
strategy success depends on identifying participants’ goals with organization (community)
goals.

The human factor activity in modern society is intensified by synergy effect that
is inextricably linked to population trust in the authority bodies. The trust should be
established between community population and local authorities on order to strengthen
communities. Trust itself stimulates rapid economic growth. Francis Fukuyama thinks there
is a civil society in Ukraine, which means that people work beyond the government, beyond
the state for the sake of common goal (Butsko, 2019). When people are satisfied with state
service quality and infra-structure, they become more confident, dissatisfaction among social
groups is minimized, new social values are formed. Voluntary decision of a person to take
part in community life lies at the heart of social cohesion. At the beginning of management
reform process systemic and effective approaches to elaborating state strategies for the long
term are rather significant. Human role in the processes of forming local development
depends basically on the conditions of territory economic and social development (Figure 2.).

Figure 2. Human factor in local development
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It should be emphasized that not only people, but their effective cooperation, knowledge,
skills available, qualification and motivation for mutual searches and activity of developing
their own territory, which are synergistically interwoven creating a new value and potential
for the development, are a significant and sometimes determining factor of ensuring territory
development.

The number of different groups and interested parties taking part in local development, in any
society can be very large. Such a large number of participants may cause difficulties involving
all interested parties in planning process. Experience shows that the more participants
the more expensive, longer and less efficient their activity is. On the other hand, the less
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number of participants, the less equal, less transparent and less efficient the activity
of strategy formation and implementation will be. That’s why it is important to involve
interested parties in sufficient number and representativeness for the given community.

In order to determine clearly the role of the human factor and conditions, under which they
will agree to take part in the process of local development process, we suggest using
“CLEAR’ model (Ibrahimova, I., 2020). (Table 2).

The direction of prospective, efficient community development depends on meaningfulness
of the development strategy and stages of its implementation. In fact, the strategy is based
on the analyses of social and economic development of the territories, settlements included
in united territorial communities, a general set of views of local authorities and community
residents on the perspective of its development. According to the order “On approval
of methodological recommendations concerning formation and implementation of forecast
and program documents of social an economic development Of united territorial community”
No.75 dated 30.03.2016, development strategy of a united territorial community determines
goals, indicators, priorities and tasks of sustainable development for the period of 7 years

(Order of the Cabinet of Ministry of Ukraine, 2014).

Table 2. CLEAR model of human participation in territorial community planning process

Participation factors | How does it work? Political action of local authorities
ABILITY TO TAKE | Personal resources community Developing capability: specific support
PART representatives have and can suggest measures and purposeful development
Can do (knowledge, information, skills to speak in | of social capital
public, write, organize events, encourage
support, etc., as well as confidence of their
usage) are essential for ensuring ability to
participate
DESIRE TO Dedication to participation requires a sense | A sense of community, involving
TAKE PART of belonging to the community citizens, social capital and citizenship
Like to (communities), a sense of trust and
belonging to relations and communities,
creates opportunities for people to
cooperate and work more efficiently
CREATING Public infrastructure, forming voluntary, Developing public infrastructure for
POSSIBILITIES public advisory groups, organizations and | forming groups and organizations, able
FOR networks — create (or block) opportunities | to direct participation and promote it
PARTICIPATION to participate
Enabled to
INVITATION TO Mobilizing people for participation Introducing possible ways of public
PARTICIPATION (decision-making) and expectation of their | participation and their openness. Using
Asked to contribution different incentives for development, a
sense of duty, continuity of
participation, targeted invitations to
participate
CONSIDERING People are ready to participate if they feel | Ability of public policy system and
POINT OF VIEW, to be listened to (not necessarily agree, but | staff to ‘respond’ to needs, to weigh
FEEDBACK it’s clear that their opinions are different points of view, give feedback-
Responded to considered) it is important to explain how the
decision was adopted and what role of
a person or community was

Source: developed by the authors, using (Ibrahimov A., 2020)
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Community strategy is a fundamental document determining the vision of territorial
community development for the nearest years, the mechanism of community sustainable
development, relying on resources and knowing exactly its strengths and weaknesses.
The strategy is implemented due to the plan (programme) of social and economic
development of the united territorial community, which determines goals and priorities, tasks
and mechanisms of their implementation, organizational and administrative measures, etc.
for the period of 3-5 years. For the purpose of sustainable development of regions, according
to the State strategy of regional development for the years 2021-2027, each united territorial
community had to approve by 2022 development strategy based on efficient using state
and local resources in the interests of man in the appropriate communities.

In EU countries the strategic document of territory development is a mandatory condition
for obtaining external financing, as it indicates that the community is aware of development
purpose necessary for its achieving resources, action plan (Strategy, 2018). Nowadays only
a third of more than 1.000 communities formed in Ukraine have such a strategy, one more
third is still elaborating it, the rest — only plans.

Figure 3. Model of community development strategy elaboration

Community development strategy

Preparatory stage

Organizing work on strategic planning. For efficient process of strategic planning local self-government
body forms Working group on Strategy elaboration

Stage 1

Forming the document “Community Profile

Mission (purpose) Vision of expected future Problems

Stage 2

Strategic Development Directions

Analyses of Social and economic
resources available SWOT-analyses PESTL-analyses analyses
Stage 3
Strategic goals Indices Operational goals

Monitoring and assessing plan implementation

Stage 4: Public discussion and approving of the strategy

Stage 5: Elaborating the Plan of implementing Community Development Strategy

Source: developed by the authors
Partnership method and managerial or expert approach are applied to elaborating strategic

documents. Managerial approach means that only local authorities without involving
the public elaborate the strategy. It takes much less time to elaborate documents, however,
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if council members change such a document will also greatly change. Expert approach means
that experts are involved in elaborating the strategy, the participation of local authorities
and the public is minimal, because the experts consult with professional specialists.
This approach also has some drawbacks connected with on-line elaborating document
without actual assessing community weaknesses and strengths, territory potential, considering
local peculiarity, community people’s opinions and expectations.

The “LEADER” approach to planning territorial community development deserves attention,
it was suggested in 1990 as a respond to traditional policy failure to solve community
problems. Its essence (“bottom-up” principle) consists in encouraging people to elaborate
and introduce original strategies of territory integrated development within the general context
of the European priority tasks — improving life quality, involving high technologies, optimal
using natural and cultural resources of local level (Korinets R., 2023). Local population
is considered to be the best expert in its territory development.

SWOT-analyses is a kind if a bridge between community diagnosis and its development
strategy. SWOT-analyses identifies strengths and weaknesses, external possibilities
and threats resulting from existing situation in the community, and at the same time —
determines its development prospects. Below SWOT-analyses results are represented,
considering human factor in strategic development. (Table 3).

Table 3. Human factor in SWOT territorial community strategy

Strengths Weaknesses

Developed network of educational and cultural institutions
Strong personnel potential available in education
Demographic stability in the community

Active youth as community driving force

Active programmes for population social protection
Absence of inter-religious conflicts, religious tolerance
Affordable social services

Low social activity of community people
Small amount of public organizations
Mistrust of the authorities
Non-acceptance of reforms

Ignorance of rights

Opportunities Threats

State support (subventions), state and regional social sphere
support programmes

Active participation in social projects

Local budget opportunities: programmes, participation
budget

Local resources for social sphere development

Social cohesion of population in solving community life

Changes of state policy priorities concerning
decrease in community social sphere support
Delegating financial support of state
guarantees to local budgets

Centralized or manual allocation of financial
resources for social services

Local population inertia and apathy

problems

Source: made by the authors

Community development strategies are “road maps” of the changes with clearly defined
goals, each of them is represented by a set of specific operational measures with detailed
tasks, achievable quantitative parameters, fund amount justification, necessary for their
implementation. To analyze citizens’ participation in territorial community development
planning we chose five territorial communities in Lviv region, the so called the Buh area:
Radekhiv, Sokal, Zolochiv, Zhovkva and Zabolotsi (the first one in Lviv region stepped
on the path of decentralization).

Let’s consider the main Strategy structure of the communities studied.

* Part [ Methodology
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e Part II Diagnostics (Society; Education; Infrastructure; Economic activity
and economy structure; Culture, recreation, tourism; Life quality; Community local
authority; SWOT-analyses)

e Part III Strategic documents context

e Part IV Vision, mission, strategic and operational goals of citizens

e Part V Action plan

* Part VI Accessible sources of projects financing (foreign sources, national sources)

e Part VII Evaluation and monitoring

The procedure of studying public opinion in the above united territorial communities is aimed
at revealing the degree of people’s satisfaction from services quality in the community
and further taking measures to improve their quality. Studying population opinion is carried
out in writing through secret ballot (by hand or via Internet resources, community website,
for example). The representatives of working group conduct a survey, determine
questionnaires form and content and analyze survey results in order to take them
into consideration working further to elaborate the Strategy of the united territorial
community development. The form and content of questionnaires for conducting surveys may
be different for every other community, though they must include mandatory entries:
surname, name, patronymic, position and contact information of the person who conducts
the survey; the date and place of the survey; the list of questions asked; general information
about the respondent (sex, age, place of residence, etc.). Each questionnaire includes the list
of the most important issues (factors) which have the greatest influence on the united
territorial community development. Under every question there is a special place
for comments or additional information the respondent wants to report. It is important to say
that before filling in the questionnaire respondents must be warned about their right
not to answer any question he is asked (the Constitution of Ukraine guarantees). Later,
according to the results of population opinion study, the representatives of working group
write an analytical report, which should include the results of community population opinion
study and recommendations to eliminate identified flaws.

RADAR methods, as optimal formula, were chosen in Zabolotsi united territorial community
for meeting with inhabitants. They consist in direct expressions of main community problems
by residents. Then the indicated problems were prioritized by democratic voting. Working up
the instruments for solving the problems became the next step.

The stage of information gathering and the procedure of public opinion study is very
important in the process of elaborating the Strategy of united territorial community
development that cannot be underestimated. It is the basis of all the further research,
the results of which will help the community to identify the priorities of its development and
form strategic goals for several years ahead.

Based on the study conducted we suggest our own model of involving people in community
development strategy elaboration.

It is precisely this way of forming local government, its actual subordination to the territorial
community, control of executive body activity, possibility of direct influencing bodies
and officials by electorate through democratic procedures, established according to law,
that ensures efficiency and transparency of local government. Of course, if the community
itself is ready for such significant participation in forming territorial community development
strategy and local government activity.
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Figure 3. The model of involving people in community development strategy elaboration
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Source: developed by the authors

4. Conclusion

Citizens’ initiatives, accountability and controllability of the institutions created by them,
the ability to withstand crises, conflicts of interests, etc. are significant factors of community
efficiency. The latter is the overarching context of the problems requiring the newest
methodological base of studying human factor role in local development in accordance
with the principles of territory sustainable development, which is considered to be
a promising task for further scientific research.

At present the main task of achieving efficient self-government is transformation
of community people thinking and realizing the fact that nobody but they themselves will
engage in welfare of the community and solve its development problems with the existing
qualitatively updated legislative and financial base.
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Annotation: Waste management is based on the waste hierarchy, according to which waste
prevention is a priority. If it is not possible to prevent waste, then the next step is to prepare
it for reuse, recycling, other recovery, including energy recovery. If neither option is possible,
disposal is last in the hierarchy. The aim of the research is to map and evaluate the attitudes
of Generation Z students towards the circular economy as a sustainable solution for dealing
with biodegradable waste based on a questionnaire. Descriptive methods were used
for the research. The research method was quantitative survey with output in the form of statistical
data. Data collection in this thesis was done in the form of primary quantitative questionnaire
survey. This method was chosen because of the quick collection of data from a large number
of respondents through Google Forms. The questionnaire was designed to be anonymous and was
distributed through the social networking site Facebook and the author's network of personal
contacts was also used. The issue of waste management is becoming an increasingly discussed
and trendy topic as people realise how important it is to manage waste appropriately. A huge
amount of waste is produced every day in the Czech Republic and needs to be disposed of.
It is therefore clear that the Czech Republic is concerned with waste management and is trying
to reuse waste within the framework of the circular economy. Even so, there is still a long way
to go for each of us, and we must start with ourselves and think about our personal waste
production.

Key words: circular economy, biofuel, biodiesel, used cooking oil, waste management

JEL classification: O18, 044

1. Introduction

The idea of a circular economy has two long strands, the first of which concerns the flow
of materials through the economy, and the second deals with considerations of the economic
conditions that might trigger such a flow. These two conceptual strands go back to the origins
of the modern environmental movement in the 1960s and 1970s and are in subsequent
symbiosis with it. The materials stream evolved from the concept of "industrial ecology,"
aterm that, along with the related term "industrial symbiosis," was used in economic
geography in the 1940s to describe the determinants of the location of industrial enterprises
in order to use resources efficiently and avoid waste. By 1970, these ideas had acquired
a normative element, as a remarkable passage from a speech by the president of the American
Association for the Advancement of Science shows: 'The goal of the next industrial revolution
is to ensure that there is no such thing as waste, on the basis that waste is simply some
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substance that we cannot yet use...". In the next industrial revolution, there must be a feedback
loop from the user to the factory that industry must close. (Cohen, 2022; Geissdoerfer et al.,
2017; Kirchherr et al., 2017; Zeman et al., 2019)

The aim of circular economy is to preserve the value of products, materials and resources
for as long as possible by returning them to the production cycle at the end of their use, while
minimising waste. The fewer products we throw away, the fewer materials we use, the better
for our environment. The circular economy offers an opportunity to reinvent our economy
and make it more sustainable and competitive. Figure 1 shows the circular economy model.
(Geisendorf and Pietrulla, 2017; Geng et al., 2009; Global Material Resources Outlook, n.d.;
Kirchherr et al., 2017)

Figure 1. Circular economy model

Source: Cohen, 2022

The major social and environmental challenges facing the world require a radical revision
of the traditional development model. The circular economy is emerging as a solution,
proposing a change from a linear model based on extraction, production, consumption
and disposal towards a more sustainable economic model through innovation, competitiveness
and care for the environment. It seeks to decouple economic development
from the use of natural resources, thus rethinking the design of its processes and products,
which in turn contributes to the regeneration of natural ecosystems. All of these schools
of thought operate with similar principles. They seek to make materials last as long
as possible and to renew materials instead of extracting new non-renewable raw materials.
Alongside this, they seek to reduce waste production, maintain a clean environment
undisturbed by human activity and find inspiration in natural processes, which they then apply
to industrial systems. The circular economy has also adopted these principles. (Cohen, 2022;
Global Material Resources Outlook, n.d.; Kirchherr et al., 2017)

The energy needed to power the cycle should be from renewable sources. Solar, hydro, wind,
geothermal or biofuels are suitable. (Cohen, 2022; Geissdoerfer et al., 2017; Geisendorf
and Pietrulla, 2017)

There is currently a shift from traditional biofuels to second generation biofuels based
on the use of waste. Instead of the standard biodiesel from, for example, rapeseed oil,
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the possibility of producing biodiesel by hydrotreating is offered. Such biodiesel has much
better fuel parameters and is much more suitable for processing used cooking oil. Used
cooking oil can thus be processed into a very high quality fuel, which would not be possible
by the standard transesterification process to maintain the required quality parameters.
The production of hydrogenated vegetable oils is based on the introduction of hydrogen
molecules into the fat molecule. This process is associated with the reduction of the carbon
compound. When hydrogen is used for the reaction with triglycerides, different types
of reactions can occur and different final products are associated with them. (Kirchherr et al.,
2017; Zeman et al., 2019)

Figure 2. Simplified diagram for the production of hydrotreated oils and fatty acid methyl esters. FAME: fatty
acid methyl esters.

[ Hydrotreatment — Hydrotreated oil

H, Izomeration
Vegetable oil — T
natural gas
Animal fat —» l
CH,OH

! Esterification —> FAME

Source: Zeman et al., 2019

Figure 2 shows the difference between the treatment of oils for standard biodiesel
by the esterification process and the hydrotreating process.

The aim of the research is to map and evaluate the attitudes of Generation Z students towards
circular economy for the possibility of engaging the student community in the organized
collection of used cooking oil to reduce the environmental burden of wastewater
and for the production of advanced biofuels.

Research question: Can Generation Z potentially be used for organised collection of used
cooking oil for industrial use?

2. Materials and Methods

The paper was prepared on the basis of analysis of secondary sources (articles, monographs)
and mainly through my own primary research. The data was obtained by means
of quantitative research carried out by questionnaire technique. Data collection was carried
out among university students across all disciplines within the Czech Republic. The choice
of institutions was deliberately chosen to provide a representative cross-section of student
attitudes regardless of field of study. The sample consisted of students who were approached
according to two basic criteria. The first was studying at a college/university, and the second
was age between 18 and 25.

112



The questionnaire was completed by respondents who studied at a university in Prague. 663
students participated in the survey. Data collection was conducted among university students
across all disciplines within Prague universities in the academic year 2022/2023. Students
were approached thanks to the willingness of cooperating lecturers.

Data collection in this thesis was done in the form of primary quantitative questionnaire
survey. This method was chosen because of the quick collection of data from a large number
of respondents through Google Forms. The questionnaire was designed to be anonymous
and was distributed through the social networking site Facebook and the author's network
of personal contacts was also used.

Multinomial logit model was used for research purpose. This is an extension of the binary
logit model when the outcome can have more than two categories. It is used when
the dependent variable is categorical and unordered.

Table 1. Summary statistical data

| Respondents (n=663)
Gender
Male 338 (51%)
Female 325 (49%)
Age

Average Age 21 years

Age Range 18-35 years
Education Level
High School or less 203 (31%)
Some College 220 (33%)
Bachelor's Degree or Higher 240 (36%)
Income Level (monthly)
Under CZK 10,000 200 (30%)
CZK 10,000 - 30,000 263 (40%)
Over CZK 30,000 200 (30%)
Employment Status

Employed 500 (75%)

Unemployed 80 (12%)

Only Student 60 (9%)

The table 1 provides summary statistics for the gender, age, education level, income level,
and employment status of the respondents. Here are a few things to note:

The percentage is calculated by dividing the number of respondents in each category
by the total number of respondents and then multiplying by 100.

For the age category, the average age and age range of the respondents are provided.

The education level, income level, and employment status categories provide a breakdown
of respondents by these various categories.

3. Results and Discussion
The survey examined knowledge of the concept of circular economy and the management
of used cooking oil. The age structure of the respondents is shown in Figure 3.

In the case of used cooking oil management, a questionnaire survey method was used
to collect information on the general knowledge of a selected group of people about
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the proper disposal of used cooking oil and the possibility to get involved in its collection
and the perceived importance of such disposal. Figure 3-16 evaluates the responses
of the respondents.

Figure 3. Study by specialisation Figure 4. Knowledge of the concept of circular economy
The focus of your university studies? (%) Do you know what the circular economy
is? (%)

o :

7\4

® Economic ® Humanities ® Technical

Medical m Legal m Agricultural

® Chemical Hyes ®no

Students from all over the Czech Republic are concentrated at Prague universities. As can be
seen in Figure 4 and 5, regardless of the specialisation, the concept and the principles
of circular economy as a promising sector is still almost unknown.

Figure 5. Knowledge of the principles of circular Figure 6. Interest in waste management
economy
Do you know what the principles of the | am interested in the usability of waste
circular economy are? (%) (%)
2
Hyes Hno Hmyes ®no

Students are mostly unfamiliar with the circular economy, but on the other hand they are
interested in waste treatment mainly for environmental reasons. This interest is illustrated in
Figure 6.

Figure 7. Amount of respondents sorting waste Figure 8. How respondents dispose of used cooking
oil
Do you separate waste? (%) How do you dispose of used cooking oil?
(%)

1.2

~.

2

m spill it down the toilet

® pour it down the sink

® poured on the compost heap

Hyes Hno I collect in bottles and place in a specific container
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The interest in waste management also corresponds with waste sorting. While waste
segregation is becoming relatively standard for this generation, the vast majority of waste
cooking oil ends up in the wastewater, as shown in Figure 8.

Figure 9. Frequency of use of cooking oil | Figure 10. The amount of cooking oil used |

How often do | use cooking oil (%) How much oil does your household use
per month? (%)

P

33

<\

3

m every day ® once a week

= 2-3 times a week ® 4-6 times a week mupto0,5] w0511 m1-2]1 mmorethan2l
The frequency of use of cooking oil (Figure 9) and the amount of oil used (Figure 10) suggest

the potential in ensuring coordinated collection through, for example, universities, faculties
and student hostels.

Figure 11. Knowledge of used cooking oil processing | Figure 12. Knowledge of the environmental impact
of used cooking oil

Do you know how used cooking oil is Do you know the impact of used cooking
further dusposed of? (%) oil in wastewater? (%)
B yes ®no B yes Hno

The issue of biofuels is generally a matter of debate. Little known is that it can be used
to, produce biodiesel and at the same time reduce the environmental impact in wastewater
(Figure 11 and 12). There is already a shortage of this material with respect to demand
with the introduction of the European RED II Renewable Energy Directive.

Figure 13. Knowledge of the presence of a special Figure 14. Knowledge of the location of the special
container for used cooking oils container for used cooking oils
Did you know there is a special container Do you know where such a container is
for used cooking oil? (%) in your area? (%)

/

W yes Hno ®yes ®no
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Waste sorting containers are known, but less known among students is that used cooking oil
also has its own special container (Figure 13). Almost unknown is its location (Figure 14).

Figure 15. Willingness to take UCO to special Figure 16. Willingness to participate in the collection
containers of UCO within the institution
How long am | willing to carry UCO to a Would you participate in a used cooking
specialized container (%) oil collection at your institution? (%)

31 3 11 .

86

m yes, | would be willing to collect UCO and bring it to
my institution

B up to 5 minutes ¥ up to 10 minutes ® no. | don't care
up to 15 minutes more than 15 minutes
® |'m not willing I'm interested, but | wouldn't get involved

The willingness of students to participate in organised collections is a prerequisite for their
involvement. Figure 16 thus presents a positive finding. The fairly unambiguous answers
show that there is no relationship between attitudes and field of study or gender.

The questionnaire clearly shows that the concept of circular economy is relatively young
and its diffusion is still in its infancy. The principles of the circular economy are thus quite
unclear in the sub-state, with 89% of respondents showing an interest in waste management
and the majority of respondents, for example, sorting waste. 75% of respondents said they
flush used cooking oil down the toilet and a further 22% pour it down the sink. The result
is the same and requires more maintenance and cleaning costs for wastewater treatment
plants.

Few of the respondents knew that there is a special container for used cooking oil. However,
the extension of this container is very limited, At the same time, a problem for further
use is that used cooking oil is stored here in different types of containers and industrial use,
e.g. for biofuel production in large-scale production, is thus completely impossible.
This offers the possibility for universities and other institutions to set up their own collection
points for cooking oil, and at the same time to have clearly defined conditions
for this collection. The industrial processing of used cooking oil into advanced biofuels has
clear limits and these are the limitation of transport costs and single-use collection containers.
The paper clearly presents that respondents are aware of the importance of processing waste
materials and their involvement in organized collection is thus desirable.

There are research studies looking at young people's recycling behaviour, for example
((Saladié and Santos-Lacueva, 2016). This article provides a new insight into the involvement
of university students in the used cooking oil collection scheme. The potential of education
for raising awareness and introducing environmental education and the concept of green
chemistry is mentioned, for example, by (De Oliveira et al., 2021). The tracking of students'
reuse and separate collection behaviour of waste coming from plastic packaging, paper,
aluminium, batteries, ferrous packaging waste, electronic equipment, used cooking oil
and printer toner is also addressed in (Gherhes et al., 2022). But the industrial ending
and infrastructural development of the Czech Republic and the defacto reversal
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of the approach, where already existing industry is looking for sources that minimize
the environmental impact of oil as an externality, is also important in this article.

4. Conclusion

Sustainable development has always been a contentious concept and has been widely debated
over the last 30 years and new classifications have emerged since then. Previously, a radical
transformation of the market economy was advocated with the aim of reducing production
and consumption, which would increase human well-being and improve environmental
conditions. This contradiction has created the need for a new model that challenges
and provides an alternative to the linear economy; this new model is called the circular
economy. A circular economy that aims to eliminate waste and the constant use of resources.
It has gained its relevance in an era of disruptive technological progress and dynamic global
value chains. By promoting resource-efficient industrial models, the circular economy
preserves and improves natural capital, optimises the value of resources and eliminates
negative environmental externalities such as pollution.

A rapid change in the current economic system is necessary because the take-make-produce-
sell-produce-consume formula is reaching the limits of the planet's available resources.
The rethinking of the circular economy model towards zero waste and zero pollution provides
many health, economic and environmental benefits. for the environment in terms of jobs,
material and -cost savings and biodiversity.
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Annotation: The province of South-Kivu in the Democratic Republic of Congo is a densely
populated area with very good pedo-climatic conditions for agriculture. Though the agricultural
potential is very high, poverty and hunger are widespread among rural areas, where families
generally practice subsistence agriculture on less than 0.5 hectare. This paradoxical situation
is mainly due to the lack of infrastructures and public support to agricultural activities
and to a weak human capital. Faced to these problems, the religious organizations, like
the archdiocese of Bukavu, take in charge more responsibilities in order to initiate the development
of local rural communities by improving their human capital, based on good health, education
and social relations for the largest majority of the inhabitants, including the poorest. According
to secondary data, it appears that the archdiocese of Bukavu runs a large network of structures
dealing with health care, and also a large network of schools, from kindergartens to university.
Based on a survey of 51 key actors, it is clear that these actions are highly appreciated. However,
itis also considered that the involvement of the archdiocese in socioeconomic development
is insufficient and should be reinforced. The archdiocese launched a pilot animal raising program
since a decade, defined with the participation of the whole local population. This program
increases the management capacity of the beneficiaries. Finally, it appears that religious authorities
can significantly contribute to the improvement of human capital in rural communities, especially
when public authorities are not enough efficient in developing countries.

Key words: Bukavu, religious organizations, human capital, agricultural development, general
welfare

JEL classification: Q18, O10

1. Introduction

The contribution of the civil society to public policies has become the topic of many studies.
Several authors studied the involvement of the Congolese Catholic Church
into the socioeconomic development of the DRC (Musongora, 2014; Muhingisa, 2017;
Ngombaniro, 2018). However, the question of the human capital as the real capacity
of the actors to take a part in these processes is rarely considered as an original experience
in education.

Nevertheless, experiences like the Peasant University in Brazil (Coudel, 2009) or the Peasant
University of the Peasant Organizations and Agricultural Producers from Western Africa
(ROPPA/www.rpoa-afrique.org) are new. The goals of these Universities are to valorize
the peasant knowledge and to promote peasant agriculture. They argue that peasant societies
can adopt, innovate and anticipate: all capacities which are more often denied by the actors
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of development (Amouan Kassi, 2021). It is under this scheme that the originality
of this article consists in the description of the role played by the archdiocese of Bukavu,
in the Democratic Republic of Congo, in the improvement of the common human capital
for the development of peasant agriculture with an innovative approach.

In the DRC, in general, agriculture is in a disastrous situation, though the country has huge
human and natural resources. Its agricultural potential is very high and its total arable area
could reach 80 million hectares. However, only less than 10% of this area are effectively
managed, with around 3.5 million hectares for vegetal production and 4.5 million hectares
for animal raising. In addition, the Congolese rural areas welcome more than 70%
of the Congolese population. In contrast, 28% of the 87 million inhabitants (in 2019) are
in a situation of food insecurity and 4.2 million children are affected by a chronic malnutrition
(RDC/Ministere de 1’ Agriculture et du Développement rural, 2010; PDL-145T, 2022).

Indeed, the agricultural sector must face several constraints, including the financing
of agricultural activities and infrastructures in general. Generally, the share of agriculture
in the national budget does not exceed 2%, far behind the 10% recommended by the Maputo
Agreements, while private investments are rare because of the lack of a supporting scheme
and the difficult access to bank credit and to agricultural inputs in rural areas. Agricultural
yields are low due to the quantitative and qualitative weaknesses of basic infrastructures
and services: transportation, agricultural ways, electricity provision, access to extension
services, capacities of peasant organizations, institutional capacity and management...
(RDC/Ministere de 1I’Agriculture et du Développement rural, 2010; Ngalamulune, 2022;
Vwima and Rushigira, 2020).

In South-Kivu, the territory of the archdiocese of Bukavu is particularly densely populated.
So, the access to arable land is difficult for different groups of population; more than 80%
of farmers manage traditional family-type small farms, of which the area does not exceed
0.5 ha. They focus mainly on food crops. Most of these peasants use techniques which
deteriorate the quality and fertility of the soils, leading to low yields. So, poverty is more
spread in these less productive rural areas. Poverty reduces the access to food and increases
food insecurity, which concerns supply as well as demand in villages where food production
is insufficient since many years and where food dependency is extreme and food imports are
very large (TECSULT-AECOM, 2009; Bisimwa and Bashi, 2009; Lebailly, Michel and Ntoto
M’vubu, 2015; Vwima and Rushigira, 2020). Besides, the role of women in agriculture
is particularly important and the labour force is rather aged, with 60% of workers being over
40, with less than 4 years of education at school (Vwima, 2014).

So being, the question is: what about an agricultural policy able to boost rural development
in South-Kivu in particular and in the DRC in general? This question concerns mainly
the human capital, as natural resources are very abundant. Though several institutions are
already working in the field of education in agronomy (Institut Supérieur de Développement
Rural (ISDR/Bukavu), Faculté d’agronomie/Université Catholique de Bukavu (UCB),
International Institute of Tropical Agriculture (IITA-BUKAVU), Institut National pour
I’Etude et la Recherche Agronomiques (INERA-Bukavu), Institut Technique Vétérinaire
Maka (ITV-MAKA)), how to explain the so precarious situation of rural areas?

Some researchers pointed out the non-participation of rural communities in the decision
process and implementation and the lack of valorization of research results which could boost
agricultural production (Ngalamulume, 2016; Vwima and Rushigira, 2020). According
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to others, and this is the central hypothesis of this paper, it is crucial to improve human capital
in three aspects: health, knowledge and social relations. In a previous study dealing
with the role of associations in socioeconomic development (Kalumire Bashwira, 2022),
survey results show how the archdiocese of Bukavu could play a role in order to improve
human capital for agricultural development in South-Kivu thanks to an innovative approach
with three dimensions: health, education and social relations. According to the World Bank
(Yong, 2018), human capital explains from 10 to 30% of income differences per capita.

2. Materials and Methods

This paper is based on both primary and secondary data. The secondary data come
from official documents from the Democratic Republic of Congo or the archdiocese
of Bukavu, from reports of different organizations... The primary data are collected through
a survey among key actors of agricultural development.

As recommended by Beaud and Weber (2010), field surveys can be used in order to have
adeeper understanding of the role that the archdiocese of Bukavu can play
in the improvement of human capital.

The approach is a qualitative one, consisting in data collection through a semi-open survey
among key actors involved in development activities.

The interviewed persons were selected according to a reasoned choice, taking into account
their involvement level in local development activities: managers of diocesan development
services, intellectuals and university professors, members of associations devoted
to socioeconomic development (Friedberge, 1997). The size of the sample was determined
by the so-called “reputation method”. According to this method, some key actors are
interviewed and then give the names of other key actors whom they know and who are
interviewed in their turn, and so on. (Piotet and Sainsaulieu, 1994). For the survey, the first
person to be interviewed was the archbishop of Bukavu himself. Finally, the sample size
reached 51 persons, when the names of already interviewed key actors came out (Kalumire,
2022).

The main topics are dealt with in order to show how the archdiocese of Bukavu would
be involved in the improvement of human capital and of the participation of the population
in societal relations in order to develop family agriculture. These topics constitute the base
for the guidelines of the survey. They are the following ones:

(1) Is the agricultural sector, within the territory of the archdiocese of Bukavu, a vector
of growth for the local communities?

(2) How do the interviewees appreciate the role of the religious authorities in the field
of investments in the market economy, especially in the case of the agricultural sector?

(3) What about extension and accompanying services to peasant communities
in the agricultural sector provided by the archdiocese of Bukavu?

3. Results and Discussion

The archdiocese of Bukavu is mainly rural. It includes the town of Bukavu, the territories
ofKabare, Walungu and Idjwi, the communities of Luhwinja and Burhinyi in the Eastern part
of the territory of Mwenga and the South-Western part of the territory of Kalehe. More than
80% of the inhabitants live in rural areas, mainly practicing subsistence agriculture
(Ngombaniro, 2018).
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a. Access to health care and education

Under the scheme of the partnership convention N°1250/CAB/MW/S/020/CAJ/OWE/2018
of August 2", 2018 concerning cooperation in the field of health care signed
by the government of the DRC and the national episcopal Conference of Congo (CENCO),
the archdiocese of Bukavu, in order to increase the possibility for peasants who live within its
boundaries to live longer and in good health, is committed to deal with local health care
structures and to improve the access to basic good quality health care for the poorest. So,
the archdiocese has to take care of one third of the population of the province of South-Kivu.
It has to manage a large network of 11 health zones with 11 reference general hospitals
(HGR), 5 hospital centers (CH), 68 health centers (CS), including 32 with a maternity,
2 specialised centers, education centers to life, including the diocesan center to fight AIDS
(Codilusi) and the health insurance network of the communities of Bukavu (REMUSACO)
which is a federation of 22 health insurances with several hundreds of thousands
of beneficiaries, etc. The REMUSCO is connected to 140 medical trainings spread throughout
the province of South-Kivu. This network helps the poorest to have access to the basic health
care (BDOM/Bukavu, 2020).

A convention signed with the government in 1977 concerning the National Schools gave
to the Catholic Church the management of several schools. Nowadays, the Coordination
of the Convention Catholic Schools of Bukavu (CECC/Bukavu) manages 547 schools, among
which 13 kindergartens, 356 primary schools and 178 secondary schools for 237,210 pupils,
119,064 boys and 118,146 girls (CECC/Bukavu, 2020).

Based on the decree n° 06/106 signed by the President of the Republic on June 12, 2006,
the Catholic University of Bukavu (UCB) organizes 7 faculties, 4 institutes and schools
and 5 research centers. The faculties deal with the following topics: architecture
and urbanism, law, agronomy, economics and management, medicine, computer
and environmental sciences, social sciences. The faculty of agronomy was founded in order
to make available local and regional expertise. One of the goals of the university is to lead
young students to understand the problems of their society and to contribute to solve them
(UCB, 2018; UCB, 2019).

b. Role of the archdiocese of Bukavu in agricultural development

For a semi-directed interview, questions are open. However, though each interviewee has
his/her own way to express his/her ideas, precise information linked to the research topics
constitute the answers to the three main questions of the survey guidelines. Several answers
to questions (1) and (2) represent very similar ideas. This fact proves the objectivity
of the expertise of the interviewed resource persons. Based on these results, question (3) was
elaborated and led to the interview of the archbishop of Bukavu about his vision
of agricultural development for the wealth of the peasant community, contained
in the agropastoral pilot projects initiated by the religious authorities of the archdiocese
of Bukavu.

The main lessons drawn from the survey are:

(1) In relation to the agricultural sector in the territory of the archdiocese of Bukavu
as a vector of growth for the local communities

The interviewees think that the potentialities that the archdiocese of Bukavu benefits
from in the agricultural sector constitute a great opportunity to create jobs and wealth.
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They also observe at the same time that these potentialities are under-exploited or even
sometimes not exploited at all. As the other large landowners in South-Kivu, the archdiocese
of Bukavu develops a traditional type of agriculture on reduced areas and rents out its
agricultural land to landless peasants who practice a subsistence type of agriculture.
Considering its human and natural resources, its reputation and its influence within le local
communities, the archdiocese of Bukavu should, according to the interviewees, invest more
in the modernization of agriculture, as it is done in the fields of health and education in South-
Kivu and promote an agricultural development model to local communities in order
to alleviate poverty and undernutrition.

(2) In relation to the role played by the archdiocese of Bukavu in the investment
in marketed production in the agricultural sector

The survey respondents identified the existence of different problems which prevent
the religious authorities of the archdiocese of Bukavu from playing a crucial role
in the investments in favour of market agriculture thanks to a modernized and more efficient
way of production which can make agriculture become a true growth factor.

The problems which are cited by the interviewed persons are notably: insecurity in rural areas
where armed conflicts often happen, the general lack of financial and technical means and,
as consequences, insufficient infrastructures, equipment and technical tools, the culture
and religious challenges against the spirit of entrepreneurship, risk aversion and finally
the lack of a local agricultural development plan built according to a global vision and where
the individual and community participation is free and active.

In brief, there is a paradoxical situation, apparently an insurmountable blockage. According
to the surveyed people, there are, on one side, the opportunities to invest in the agricultural
sector as a vector of growth for the archdiocese of Bukavu and, on the other side, there are
several problems which hinder the initiatives which are built up in order to develop
agricultural activities in the socioeconomic and natural context of the archdiocese of Bukavu.

(3) In relation to extension and accompanying services provided to peasant communities
in the agricultural sector by the archdiocese of Bukavu

Two pilot programs are implemented by the archdiocese of Bukavu, confirming its option
to support small scale agriculture.

The agropastoral program at school

This program consists in giving a group of pupils and teachers two rabbits or a pig for each
member of the group in order to raise them at home. The first young rabbits and piglets are
then distributed to a second group of teachers and pupils and so on till everybody has been
concerned and the process can begin again. The beneficiaries must also cultivate a plot which
is fertilized with the rabbits and pigs manure, mixed with domestic waste, leaves from trees
etc. These activities are supervised by the direction of the school in order to ensure
the continuation of the process. This program began in catholic primary schools
of the parishes of Burahale and Mulamba of the territory of Walungu (Paroisse Burhale, 2017;
meeting with the archbishop Mgr Maroy, February 10, 2023)

The agropastoral program in the villages

This program is similar to the program for schools. Here, the beneficiaries are households
which receive a cow. In addition, some households receive a bull to be used by all
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the households of the group for reproduction purposes. For the Bashi, the local population,
a cow has a cultural signification. The first calves which are born are distributed to another
group and so on. While receiving a cow, a household has the obligation to cultivate a field
which will be fertilized with the manure of the animal.

So, the particularity of this program is not only to give work (animal husbandry)
to the farmers, but also to improve the quality of soils which have been deteriorated
by overexploitation, and so to increase food staple production in order to reach household’s
self-sufficiency and to sell the exceeding quantities. This program began in the village
of Mwegerera in the parish of Burahale under the name: “Cow raisers association
of Mwegerera” (ASSEVAM) with the goal to spread over other parishes (Paroisse Burhale,
2017; meeting with the archbishop of Bukavu, February 10", 2023).

Both abovementioned agropastoral programs have been implemented since a little bit more
than one decade, under the guidance of the archbishop of Bukavu, Mgr Frangois-Xavier
Maroy, in consultation with all the beneficiaries themselves, who are all conceptors, owners
and actors of the programs. It is a model of community project, with the will and active
participation of all the members of the community.

The archdiocese of Bukavu and its partners support these agropastoral programs by financing
the initial investments. Later, specific extension services are built up, including local
agronomists and veterinary doctors. They have to inform the small scale farmers about new
techniques and tools (seeds, fertilizers, fodder crops, vaccines, irrigation, seasonality...)
and to draw their attention on risk management, the promotion of a favourable environment
and sane and local food (Amitiés Belgique — Bukavu, 2018).

4. Conclusion

This paper showed how the archdiocese of Bukavu contributes to build the human capital
of rural communities. This contribution is not limited to the health and knowledge dimensions
of human capital. The archdiocese also promotes small scale agriculture by improving
the rural capacity to solve the problems of local rural communities in order to begin
the development process.

In South-Kivu, the rural world is faced to the problem of valorization of its natural resources
in agriculture, the peasants being left alone without any efficient public policy. So,
the archdiocese of Bukavu rents out its land to landless peasants and, since one decade,
engaged in extension services and accompanying actions in order to reinforce the social status
of the peasants, as well as their qualities as entrepreneurs and managers, through two
agropastoral pilot programs in schools and in villages.

Indeed, the vertical integration which was imposed to the farmers for the modernization
of agriculture was, according to Fortin (1971) “the unique selection and education mechanism
of farmers”, because “left to themselves, they go to a failure; guided, they could become
efficient entrepreneurs”. However, Fortin himself acknowledges that vertical integration
is dangerous for farmers, though he is in favour of it because it represents an efficient
constraint for modernization. On the contrary “Peasant Universities” today want to valorize
the traditional peasant knowledge and to promote small scale agriculture. Actors involved
in development can not deny the peasant communities their innovation and anticipation
capacities (Coudel, 2009; Amouan Kassi, 2021).
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Finally, in addition to good health and knowledge, the question of human capital is also linked
to social participation. Development mainly depends on people’s will. Social aptitudes like
personal and collective willingness can lead to good economic results. Local communities
agropastoral programs introduced by the archdiocese of Bukavu in schools and villages must
be supported for the promotion of local and community entrepreneurship and management.
When social cohesion is reinforced around a project, people recover confidence
and the willingness to take care of themselves in order to fight against poverty and hunger.
So doing, agricultural development can be possible by a step-by-step transition
from traditional and small scale agriculture towards sustainable agriculture in which the
peasant remains at the centre.
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Annotation: In the twenty first century horizontal price transmission has become the topic
of a great interest in applied microeconomics research in terms of the perspective of understanding
on how geographically separated markets function. The paper provides detailed review of applied
research in the field of the spatial price transmission modelling. Most popular econometric models
are discussed in the light of the main advantages and disadvantages with a special focus
on nonlinear techniques. Being in line with the last studies on non-linear time series models
of spatial agri-food price transmission and market integration, we introduce non-parametric
technique of generalized additive modelling in order to provide evidence of agri-food market
integration efficiency and non-linear patterns in price linkages. The results of our empirical
approach contribute to the knowledge about market efficiency and competitiveness as well
as provide information to policymakers.

Key words: Horizontal price transmission, market integration, nonlinear time series, generalized
additive model

JEL classification: Q110, C510

1. Introduction

The spatial separation has led to vast increase in number of studies that are evaluating
the price linkages between goods at the same stage of the supply chain with different origin
in terms of changes in speed, magnitude and nature. Spatial price transmission and market
integration has become the topic of a great interest in applied microeconomics research
from the perspective of understanding on how geographically separated markets interact.

The applied analysis of market integration has mostly used models of horizontal price
linkages in selected agro-commodities markets. In recent research a wide variety of empirical
techniques are used to study spatial price transmission. From conceptual point of view,
the literature on the spatial price transmission and market integration in agri-food markets has
been categorized into three empirical approaches, namely “pre-co-integration”,
“co-integration” and “other” (”post co-integration”) (von Cramon-Taubadel, 2017;
von Cramon-Taubadel and Goodwin, 2021).

The first strand of studies characterize the use of spatial correlation coefficients and simple
linear regression models for estimating the relationships between agri-food prices in various
regions (Ravallion, 1986; Stigler and Sherwin, 1985). However, the correlation analysis does
not illustrate the extent to which markets are integrated. Criticism of correlation technique
resulted in introduction of linear regression-based approaches.

Second stream of literature on spatial price transmission relies on co-integration technique

and error correction modeling. This strand of research is based on assumption that price series
tend to move identically over time and have common stochastic trend, i.e. series are
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co-integrated. In such case, one can obtain super-consistent ordinary least squares estimates
for the model parameters. Granger (1981) pointed out, that a vector of non-stationary time
series could have linear combinations which are stationary in levels. The co-integration
approach introduced by Nobel laureates Engle and Granger in 1987 after British economists
Granger and Newbold (1974) published the spurious regression concept. However, there exist
some limitations of the Engle-Granger framework which have been addressed
in co-integration tests by Johansen (1988), Phillips and Ouliaris (1990), Gregory and Hansen
(1996) and Maki (2012). Many latest studies use linear vector error correction model (VECM)
of spatial price transmission between agri-food markets in Europe (Penone et al., 2022;
Svanidze et al., 2022), in the Asian region (Dong et al., 2018; Thong et al., 2020),
in the Southern and Northern American continent (Villanueva, 2022) and in Africa (Martey
et al., 2020; Nzuma and Kirui, 2021). Several researchers have previously explored agri-food
market integration among Visegrad Group (also known as ”’V4”) countries by using VECM
approach. For instance, Vargova and Rajcaniova (2018) examined the linkages among
the prices of raw cow milk in V4 countries. They found some patterns in price transmission,
namely the fastest adjustment speed in Hungarian market as a response to the price shocks
of the other countries, Slovak market fast reaction to the price shocks from Poland, the most
sensitive reaction in Slovak and Czech markets to the price shocks from Hungary. In like
manner, Roman and Kroupova (2022) evaluated spatial processes between Polish and Czech
markets based on trade flows and prices for raw milk, butter, skimmed milk powder
and Edam cheese. Researchers concluded that the Czech Republic and Poland characterize
along range of linkages that are strong indication of the market integration for the all
analyzed products. Apart from VECMSs, these authors and other researchers (e.g. Gao et al.,
2022) built vector autoregressive models (VAR). In fact, VECM is a restricted VAR model
designed to be used with nonstationary price series that are known to be co-integrated.
If co-integration exists, then VECM, which combines price variables in levels and differences,
should be estimated instead of a VAR in levels. By way of contrast, in academic literature
there is an issue of whether the variables in a VAR need to be stationary. Indeed, some studies
argued that non-stationary variables can be directly involved in VAR model without prior
transformation into stationary ones (Kilian and Liitkepohl, 2017). Given the limitation
of VAR-VECMs in the aspect of linearity, further development in spatial agri-food price
transmission analysis has been carried out within the framework of regime-dependent models.

Trade arbitrage requires that the prices of related goods move together, but the presence
of transaction costs can produce a band-threshold effect, where only deviations above
a threshold will have an effect on price movements (Hansen, 2011). A threshold brings
nonlinearities into the functional relationships between prices (Tong, 1990). In order
to incorporate transaction costs effect, threshold autoregressive (TAR) models in different
modifications became widely used, where transaction costs from one agri-food market
to another one could be estimated by a threshold parameter (Durborow et al., 2020; Yovo
and Adabe, 2022). These models relate to piecewise linear regressions. Closely related
to the TAR models are the smooth transition autoregressive (STAR) models, where
the patterns of price adjustment are smooth rather than discrete and allow for a continuous
transition between regimes (Goodwin et al., 2011).

Balke and Fomby (1997) introduced the threshold co-integration approach, more precisely,
a combination of Tong’s TAR model and Engle-Granger’s VECM. Extensions to a threshold
VECM have been made by several researchers (e.g. Enders and Siklos, 2001; Hansen
and Seo, 2002). The threshold vector error correction model (TVECM) has been substantially
influential in agricultural economics research, specifically, spatial price transmission studies
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(Kharin, 2019). In the context of modelling regime-dependent price volatility transmissions
between agri-food markets, it is worth mentioning about a large number of empirical studies
related to asymmetric price transmission that are highly heterogeneous in the sense of type
of asymmetries and applied approaches. Analysis of asymmetry in price linkages is important
because it provides valuable information on market structure and performance.

Surveys of Frey and Manera (2007) and von Cramon-Taubadel and Goodwin (2021) present
areview of the empirical techniques on asymmetric price transmission in agri-food markets.
Asymmetric error correction models (AECM) has been reliable enough to be widely used
as a tool to estimate spatial price asymmetries and adequately represents price series behavior
in the presence of non-stationary and co-integration. In those models the correction
of deviations from the long-run equilibrium relationship between price variables switches
between regimes depending on whether the deviation from equilibrium is positive or negative.

Indeed, recent literature has progressed to display threshold-type nonlinearity in the error
correction of the prices (Alam et al., 2022) instead of linear relationships (Wiranthi, 2021).
On the other hand, the AECM hypothesizes that the long-run price relationship
is characterized by a symmetric linear combination of nonstationary price variables.
According to research from Rezitis (2019), the assumption of a linear long-run equilibrium
price relationship may lead to misleading empirical findings in cases where transaction costs
(or policy interventions) are significant factors. To identify both long- and short-run
asymmetric price transmission between prices, the nonlinear autoregressive distributed lag
(NARDL) model introduced by Shin et al. (2014) is widely used. The NARDL model has
several advantages over the aforementioned empirical techniques. First, the model
is estimable by ordinary least squares and reliable long-run inference can be achieved
by bounds-testing, regardless of the integration orders of the variables. In contrast to ECMs,
which impose the assumption that all regressors should be integrated of the same order.
Second, it allows the joint modeling of asymmetries and co-integration dynamics. Currently,
there are a few studies on spatial (Kamaruddin et al., 2021) and vertical (Rezitis, 2019) price
transmission by means of NARDL modeling in the agri-food markets.

The third strand of literature on agri-food market integration relies on non-parametric
approaches as well as parity bounds models (PBM). The PBM describes spatial price
equilibrium in switching regime framework, first introduced by Spiller and Wood (1988),
and extended further by Baulch (1997), Barrett and Li (2002). Trade costs are included
directly in the PBM unlike VECM-based approach, which only uses data on prices. However,
despite the advantages, the PBM has been criticized for some reasons (von Cramon-Taubadel,
2017). In recent years, PBM analysis has received far less attention in the literature unlike
co-integration methods, nonetheless there are studies of agri-food market integration based
on PBM technique (e.g. Durborow et al., 2020).

In fact, aforementioned parametric modelling approaches have been criticized for the choice
of functional form and pattern of the transition process between regimes. In contrast, non-
parametric methods offer to analyze price transmission in a more flexible way, having
diminished, first of all, the assumption of linearity. Several non-parametric techniques are
documented in the literature on spatial price transmission between agro-commodities markets.
Only a few works in literature on agri-food market integration demonstrate such methods
as copula-based models (Capitanio et al., 2020), local polynomial regressions (Fousekis,
2015), penalized smoothing spline regressions within the framework of generalized additive
models (GAM) (Guney et al., 2019) and semi-parametric single index threshold models (Choe
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and Goodwin, 2022). To our best knowledge, no prior studies have examined spatial agri-food
price transmission analysis in Visegrad group countries within non-parametric approach.

2. Data and Methods

Spatial price transmission analysis in this paper is based on weekly observations related
to average nominal prices for pigmeat in slaughter weight of the class E at the wholesale stage
from May 2004 to February 2023 in the Visegrad group countries. The number
of observations equals to 981 that is sufficient and desirable sample to obtain robust results.
The source of the price data is the European Commission’s agricultural and rural development
department.

We begin our study with the preliminary tests for the purpose of identifying time series
properties followed by the appropriate model specification. Firstly, we perform unit root tests
for each of the time series of logarithmic prices, namely the sieve bootstrap ADF testl
(Smeekes, 2013). Classical unit root tests, such as ADF test (Dickey and Fuller, 1981), rely
on asymptotic inference and suffer from potentially size distortions. For this reason, bootstrap
unit root tests have become a commonly used alternative to asymptotic inference (Smeekes
and Wilms, 2020). The bootstrap approximates the exact distribution of the test statistic by
repeatedly drawing new samples from the original sample, thus capturing the features of price
series. The bootstrap unit root tests have accurate size properties under very general
conditions.

In order to select maximum lag, we apply ad-hoc rule, suggested by Schwert (1989).
The optimal lag order is determined in accordance with the modified version of Bayesian
Information Criterion (mBIC) (Ng and Perron, 2001).

As a next step, to check the price series and determine the co-integrating rank we use
the Johansen procedure (Johansen, 1988) based on maximum likelihood estimation.

As previously mentioned in the section 1, a linear pattern may not be appropriate in most
cases of price development, whereas the assumption of linearity may hold only over short
periods. Some non-linear effects can be accommodated in linear models by using polynomials
of different order, dependent variable transformation or regime-switching dummies. However,
there exist some issues related to specifying functional form of more complex price
relationships and interpreting the results of modelling. Generalized Additive Model (GAM)
has been proposed as an alternative without necessity to pre-specify the functional form
of complex non-linear relationships. The GAM is an extension of the linear model in such
away that allows to maintain the interpretability and to model the non-linear effects.
The GAMs are particularly useful for exploratory data analysis to allow the data to “speak
for themselves” (Yee, 2015). GAMs have resulted from additive models and have been
introduced by Hastie and Tibshirani (1990) and was extended further by Reiss and Todd
Ogden (2009), and Wood (2004, 2008, 2011, 2013).

GAMs are non-parametric extensions of the generalized linear model (GLM)
and can be formally written as:

gEW)) =a+T,(Bx) + T filxs) + & @
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where g(.) is a monotonic function that links the expected value E(y) to the predictors Xxi,
X2....Xisj (identical in our study), a is an intercept, the terms f;(.) denote smoothing, non-
parametric functions of the covariates. Smoothing function f is composed by sum of base
functions b and their corresponding regression coefficients, i.e. formally
f(x) = X b;(x)B;- The model may include smoothing functions alone or jointly with linear
terms (3; B;x;).

The standard coefficients in linear regression are replaced by non-parametric relationships,
modelled by smoothing functions in GAM. GAMs are semi-parametric because
the probability distribution of the dependent variable is specified (e.g. economic variables
follow mostly normal distribution), whereas smoothing functions ;; fj(xj) are non-parametric
(e.g. thin plate regression splines). The main advantage of GAMs is that they can deal
with highly non-linear relationships between the dependent variables and the predictors
without the necessity to transform variables or use polynomial terms.

In fact, the smoothing functions are based on splines, special mathematical functions defined
piecewise low-degree polynomials (called basis functions), joined at points called knots.
Smoothing spline is a sum of weighted basis functions, evaluated at the values of the data.
Splines have variable stiffness. In our study, we use penalized regression splines based
on eigen approximation to a thin plate splines (TPS). Unlike others, thin plate regression
splines do not suffer from the problem of choosing knot positions or selecting basis functions.
Moreover, they can deal with any number of predictors (Wood, 2006).

The GAM can be estimated with penalized likelihood maximization (corresponds to penalized
least squares in our study) by minimizing loss function as follows:

N
D i = FE? + ()
i=1

I = fRf” (0)?dx o

where AJ(f) is the penalty term, containing A - penalization smoothing parameter is used
to regularize the spline smoothness (trade-off between the smoothness and wiggliness
of the estimated smoothing function) and J(f) - penalty function equals to the integral
of the squared second derivative over the interval (one-dimensional thin plate spline in our
study). Accordingly, the more curves the higher the penalty.

As a next step, we choose optimal smoothing parameter by using cross validation technique.
Parameter /4 is determined based on the minimum generalized cross-validation score
(see Eq.3).

R 2
B nyiy (}’i - f(xi)) (3)
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where f(x) is the estimate from fitting to all the data, tr is the trace of matrix, I
is the identity matrix and A is the projection matrix, i.e. influence matrix X(X7X + §)~1XT
with penalty matrix § = },; 4; S; (Wood, 2004).
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As mentioned above, the GAM is fitted by penalized least squares, more precisely penalized
iteratively re-weighted least squares (P-IRLS). In a linear model, we can estimate
the regression parameter using ordinary least squares (OLS) as B, = (XTX)"1(XTy).
In this case, we have errors with means of zero and constant variance, i.e. € ~ N (0, o21).
However, if the relationship between dependent and independent variables is not linear, OLS
errors have an unconstant variance, i.e. € ~ N (0, C). The solution could be using weighted
least squares (WLS), i.e. Bys = (XTC™1X)"1(XTC~1y). In fact, it is not possible to apply
that for GLM type due to using link function (y-variable of a GLM is different from
the predicted variable). In order to overcome the aforementioned issue, we can use the IRLS
algorithm, when the parameters are estimated by iterating over specific recursive
relationships. Given the fact, that GAMs are just semi-parametric GLMs, penalized version
of the IRLS method is applicable to them. Therefore, GAM-coefficients can be obtained
as Pr_irs = (XTX +S)71XTy.

The interpretation of GAM results is mainly based on the effective degrees of freedom (EDF).
To measure the GAMs flexibility, the effective degrees of freedom are calculated as the trace
of the projection matrix, i.e. tr(A). Unlike the degrees of freedom in a linear regression,
the EDF of the GAM are estimated and interpreted in different manner. In standard regression
fitted by OLS, the model degrees of freedom equal to the number of non-redundant free terms
in model. This is not applicable with GAMs due to the penalized estimation. Since the number
of free parameters in GAMs is difficult to define, the EDF are instead related to the smoothing
parameter A, such that from Eq.3 the greater the penalty, the smaller the EDF. Higher values
of EDF imply more complex, "wiggly" splines. In other words, a smaller roughness penalty
corresponds to a higher EDF and a lower value of smoothing parameter. The EDF with values
close to one suggest that price relationships effect is almost equivalent to the one in linear
VAR model. Accordingly, a non-linear effect can be revealed if the values of EDF are greater
than one. In a theoretical sense, the EDF vary from zero to infinity. After assessing the time
series properties of the price data, we fit the GAM in Vector Autoregression (or Vector Error
Correction model) representation with lagged values of logarithmic prices as the thin plate
regression splines. The specification of the model relates to pair-wise price series of each agri-
food market.

3. Results and Discussion

In Figure 1 the price development in Visegrad countries over the period of 2004-2023
is depicted. The observations relate to the weekly prices of pigmeat carcasses at the wholesale
stage in Euro per unit. Original prices appear to move synchronously with the common
upward trend since the end of 2021. Hence, some pattern of spatial price transmission
with potential long-run linkages might be present. Furthermore, some non-linear relationships
pattern is also visually apparent.

In order to describe the basic features of the price series, we summarized descriptive statistics
in Table 1. Considering the results, it is reasonable to conclude that prices in Czech Republic
are less dispersed around the mean value. Compared to other price series, the coefficient
of variation is higher for prices in Poland. The standard deviation is rather low, so prices are
close to the mean of our samples. The distributions have a right skew and skewness
coefficient value is close to zero (as in normal distribution). Additionally, kurtosis is also
close to zero (Fisher’s definition) but with negative values meaning the flatter peaks
and lighter tails than the normal distribution.
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Table 1. Descriptive statistics for the weekly price series over the period of May 2004-February 2023

Country N Mean | Std.Dev Min Max Median | CV | IQR | Skewness | Kurtosis
CZ 981 | 154.42 19.24 119.91 | 216.88 151.43 0.12 | 27.10 0.62 -0.22
HU 981 | 156.42 20.34 118.71 | 225.34 151.96 0.13 | 26.78 0.72 -0.05
PL 981 | 150.48 | 22.64 111.53 | 227.41 146.81 | 0.15 | 34.04 0.58 -0.20
SK 981 | 158.17 | 20.42 112.21 | 218.10 153.39 | 0.13 | 28.31 0.63 -0.17

Source: European Commission’s agricultural and rural development department

Taking the algorithm described above into account, we start our analysis with checking
the log-transformed price series for stationarity. From the Figure 1 time series have
a changing mean, therefore intercept worth being incorporated in the regressions for unit root
tests. Moreover, visual examination of the price series suggests that the model for unit root
test should contain a time trend. (Non)stationarity is detected with the bootstrap version
of Dickey-Fuller test. Results are shown in the Table 2. According to the test, the null
hypothesis of non-stationarity can be rejected for the price variables. Testing based on time
series in levels has revealed significant test statistics at 1 % for Czechia and Poland, 5 %
for Hungary, 10 % for Slovakia. Hence, the bootstrap unit root tests show, that log-
transformed price variables are stationary in levels, i.e. 1(0).

Table 2. Results of the bootstrap Dickey-Fuller unit root test

Price series* Largest root** Test statistic p-value***
cz 0.9889 -3.375 0.009
HU 0.9864 -3.249 0.014
PL 0.9859 -3.363 0.007
SK 0.9904 -2.505 0.089

Source: Own calculations
Note: * - Logarithmic prices in levels; ** - The largest root of the autoregressive lag polynomial, corresponding
to the coefficient of the lagged series in the DF regression; *** - Calculations are made using 1000 bootstrap
replications of size n = 1.75T /3, the deterministic specification contains intercept and trend, lag length
selection is done with mBIC. Instead of standard augmented DF test, we use DF-GLS test.

In our study we fit time series with GAM approach in VAR representation to capture potential
non-linearities in price relationships. Our GAMs in VAR model representation of pairwise
price linkages have been estimated with the penalized maximum likelihood algorithm
described above. We built the GAMs as the sum of smooth functions s of the input. The idea
is that each predictor makes a separate contribution to the response, and these just add up,
but these contributions are not strictly proportional to the inputs.

All lagged price variables are allowed to have non-linear effects in price transmission
represenatation. Additionally, parametric intercept is also incorporated in the model.
We assumed that the residuals of the GAMs are normally distributed. Lag lengths of 2-3 have
been defined in accordance with Schwartz-Bayesian information criteria (BIC). The model
diagnostics given the indication that the model assumptions are not violated.

Tables 3 - 6 show the GAM estimated parameters for each price pairs, namely price series
for pigmeat markets in Czechia, Slovakia, Hungary and Poland. The effective degrees
of freedom (EDF) represent the measure of non-linearity implied by the responses. They can
be interpreted as intensity of smoothing of given price variable, consequently higher EDF
value implies more complex splines and more “wiggly” price transmission between agri-food
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markets pair in V4 countries. According to Hunsicker et al. (2016) the EDF equal to 1
is equivalent to a linear relationship, the EDF value range of 1-2 can be considered a weakly
non-linear relationship, and EDF value exceeding 2 represents a highly non-linear price
relationships. Moreover, the upper values of EDF correspond to the smaller smoothing
parameters. In our analysis, the largest EDF value of 9 for the smoothed individual covariate

can be seen in the GAM model of spatial price transmission between Slovak and Polish
markets (see Table 4).

Figure 1. Pigmeat price development in Visegrad group countries for the period of May 2004 to February 2023
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Source: European Commission’s agricultural and rural development department

Above all, most of the nonlinear effects are highly statistically significant as shown
with the F-statistics in the tables. Given that fact, we can conclude that pigmeat markets in V4
countries are well integrated. Weak non-linearity can be observed when pigmeat prices
“transmit” from Hungarian market to Czech, Czech one to Polish, Slovak market
to Hungarian and from Hungarian to Polish. We have revealed the most “wiggly” non-linear
pattern in spatial price transmission between Slovak and other V4 countries markets,
especially in the pairs between Slovakia-Czechia with total EDF equals to 27.886 as well
as Slovakia-Poland, where total EDF is 41.605 and all the splines are significant at the 1 %
level of significance (see Table 4).
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Table 3. Bivariate penalized GAM model estimates: Czechia (CZ;)

GAM component ‘ EDF Smoothing parameter, A ‘ F-value
Model I (CZ ~HU, 2 lags)
Intercept 1.000 5.033% 107405
S(CZ¢_1) 1.000 1799501 1230.57%*
S(CZ;_3) 3.068 2.68388 30.07%%**
s(HU;_1) 1.000 2798774 46.75%**
s(HU;_,) 1.000 3655286 32.80k*

Total EDF¢ = 8.068; adj.R? = 0.985; GCV score: GAM=0.000217, VAR=0.000218;
AIC (GAM) =-5480.41, AIC(VAR)=-5471.65; LR-test of linear VAR vs. GAM, test statistic=4.5028***

Model II (CZ ~SK, 2 lags)

Intercept 1.000 5.033% 108740
S(CZ;_1) 1.000 123322 1591 435
S(CZy_s) 5.416 0.159217 23.00%%%
S(SK,_1) 5.414 0.098419 10,107
S(SK;_5) 4.171 0.181794 10.08 %

Total EDF° = 18.001; adj.R? = 0.986; GCV score: GAM=0.000213, VAR=0.000219;
AIC (GAM) = -5494.82, AIC(VAR)=-4893.35; LR-test of linear VAR vs. GAM, test statistic=3.3548***

Model III (CZ ~PL, 3 lags)

Intercept 1.000 5.033% 114775553
S(CZq_y) 1.000 2215946 1158.62%%+
S(CZ,_y) 1.000 841692 20,047
S(CZq_s) 1.000 1353147 4730
S(PL;_y) 4593 0.162814 20.92%#+
S(PL,_,) 6.212 0.039258 5.76%%%
S(PL,_3) 6.730 0.039226 2,907

Total EDF¢ = 22.535; adj.R? = 0.987; GCV score: GAM=0.000192, VAR=0.000196;

AIC (GAM) =-5591.19, AIC(VAR)=-5571.57; LR-test of linear VAR vs. GAM, test statistic=2.7178***
Source: Own calculations

Note: ¢ estimate for constant by penalized MLE in place of the smoothing parameter (1); b t-value instead of F-

value; © — taking parametric dispersion term into account; ***p<0.01, **p<0.05, *p<0.1.

Table 4. Bivariate penalized GAM model estimates: Slovakia (SK;)

GAM component ‘ EDF Smoothing parameter, A ‘ F-value
Model I (SK ~HU, 2 lags)
Intercept 1.000 5.056* 864 5Pk
S(SK;_1) 8.965 0.000283 90.54 %
S(SK;_5) 3.837 0.160175 15.39%:#:*
sS(HU_1) 7.215 0.020438 19,1733
s(HU,_5) 1.717 1.527770 2793k

Total EDF¢ = 23.734; adj.R? = 0.979; GCV score: GAM=0.000343, VAR=0.000383;
AIC (GAM) =-5030.84, AIC(VAR)=-4922.11; LR-test of lincar VAR vs. GAM, test statistic=7.3839%*%*

Model Il (SK ~CZ, 2 lags)

Intercept 1.000 5.056* 859804
s(CZ¢_4) 6.404 0.033608 18.86%**
S(CZ,_,) 6.697 0.031371 11.06%%%
S(SK,_,) 8.540 0.003934 97.66%
S(SK,_3) 4245 0.105740 15,375
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Total EDF¢ = 27.886; adj.R? = 0.978; GCV score: GAM=0.000348, VAR=0.000394;
AIC (GAM) =-5016.25, AIC(VAR)=-4893.35; LR-test of linear VAR vs. GAM, test statistic=6.8538***
Model I1I (SK ~PL, 3 lags)
Intercept 1.000 5.056% 959 b
S(SK;—1) 6.592 0.021549 101.55%:**
S(SK;_») 8.161 0.003024 7145
S(SK;_3) 9.000 0.00000002 10.51#**
S(PLy_4) 3.955 0.237344 39.43%%:*
S(PL¢_3) 6.135 0.043090 7.7
S(PLy_3) 5.762 0.063100 2.54%*
Total EDF¢ = 41.605; adj.R? = 0.987; GCV score: GAM=0.000284, VAR=0.000342;
AIC (GAM) =-5212.54, AIC(VAR)= -5029.15; LR-test of lincar VAR vs. GAM, test statistic=7.0103%*%*

Source: Own calculations
Note: ¢ estimate for constant by penalized MLE in place of the smoothing parameter (1); b t-value instead of F-

value; © — taking parametric dispersion term into account; ***p<0.01, **p<0.05, *p<0.1.

Table 5. Bivariate penalized GAM model estimates: Hungary (HU,)

GAM component ‘ EDF Smoothing parameter, A ‘ F-value
Model I (HU ~SK, 2 lags)
Intercept 1.000 5.045% 8237bsskk
S(SK;_1) 4.441 0.245521 9.61%**
S(SK;_3) 3.933 0.322377 11,0243
s(HU;_;) 1.000 4464692 11073%%*
s(HU;_3) 1.000 1812938 50.72%%*

Total EDF¢ = 12.374; adj.R? = 0.977; GCV score: GAM=0.000372, VAR=0.000381;
AIC (GAM) = -4951.76, AIC(VAR)= -4926.45; LR-test of linear VAR vs. GAM, test statistic=4.5567***

Model II (HU ~CZ, 2 lags)

Intercept 1.000 5.045° 804 7Pk
S(CZ,_y) 1.000 1686169 5.01%
S(CZ,_,) 4.196 0.568944 1.92%
S(HU,_,) 4871 0.195969 161,037+
S(HU,_,) 1.991 1.588069 2768

Total EDF¢ = 14.058; adj.R? = 0.976; GCV score: GAM=0.000348, VAR=0.000394;
AIC (GAM) =-4904.52, AIC(VAR)= -4895.77; LR-test of lincar VAR vs. GAM, test statistic=2.2892%*%*

Model 111 (HU ~PL, 3 lags)

Intercept 1.000 5.045% 88500
S(HU,_,) 6.092 0.050456 80.13%%*
S(HU,_) 3.582 0.153899 0.72
S(HU, ) 4611 0.138168 123
S(PLy_) 4.850 0.158263 25 35k
S(PLy_5) 3.472 0.213861 9.80%*%*
s(PL¢_3) 5.833 0.082775 1.44

Total EDF¢ = 30.377; adj.R? = 0.980; GCV score: GAM=0.000328, VAR=0.000334;

AIC (GAM) =-5070.36, AIC(VAR)=-5050.31; LR-test of lincar VAR vs. GAM, test statistic=2.2238%*%*
Source: Own calculations

Note: ¢ estimate for constant by penalized MLE in place of the smoothing parameter (1); ® t-value instead of F-

value; © — taking parametric dispersion term into account; ***p<0.01, **p<0.05, *p<0.1.
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Indeed, we have showed that semi-parametric GAM representation of price transmission
has improvements over typical linear VAR model. The first evidence of that can be found
with a comparison of the Akaike information criterias (AIC) and generalized cross validation
(GCYV) scores. In order to define the better model, we orient on the lowest AIC and GCV
values. The second one is that the likelihood ratio tests are used. They have shown that test
statistics are highly significant in every case (see Tables 3 - 6).

Table 6. Bivariate penalized GAM model estimates: Poland (PL,)

GAM component ‘ EDF Smoothing parameter, A F-value
Model I (PL ~SK, 3 lags)

Intercept 1.000 5.004% 78770k
S(SK;—1) 1.000 5353725 4.55%*
S(SK;_5) 3.160 2.044594 2.25%
S(SK;_3) 1.000 161046 0.088
S(PL¢_4) 1.000 4075391 2550.9%**
S(PL¢_3) 6.496 0.047295 40.49%**
s(PL¢_3) 6.547 0.046662 11.98%%%

Total EDF¢ = 21.203; adj.R? = 0.982; GCV score: GAM=0.000403, VAR=0.000416;
AIC (GAM) = -4868.49, AIC(VAR)= -4835.90; LR-test of lincar VAR vs. GAM, test statistic=3.7464***

Model II (PL ~CZ, 3 lags)

Intercept 1.000 5.004* 7866
S(CZy_y) 1,000 1644205 4.53%%
S(CZs_y) 2.836 1.620458 2.96%%
S(CZs_s) 1,000 2531997 4.41%%
Table 6 (continued)

S(PL,_,) 1.000 33811870 2317 425
S(PLy_,) 6.987 0.033371 37,385
S(PLy_s) 6.268 0.053058 10135

Total EDF¢ = 21.091; adj.R? = 0.982; GCV score: GAM=0.000404, VAR=0.000416;
AIC (GAM) = -4865.16, AIC(VAR)= -4836.77; LR-test of lincar VAR vs. GAM, test statistic=3.3936***

Model III (PL ~HU, 3 lags)

Intercept 1.000 5.004% 787(Qbk
S(HU,_,) 1.000 10762970 73355
S(HU,_,) 1.000 14249270 7.99%5+
S(HU,_3) 1817 4380433 2.54%
S(PL,_y) 1.000 5368609 1961525
S(PLy_3) 6.736 0.039270 34865
S(PL,_3) 6.589 0.043820 9.92 %

Total EDF¢ = 20.142; adj.R? = 0.982; GCV score: GAM=0.000403, VAR=0.000415;

AIC (GAM) = -4867.02, AIC(VAR)= -4838.31; LR-test of linear VAR vs. GAM, test statistic=3.5802%**
Source: Own calculations

Note: ¢ estimate for constant by penalized MLE in place of the smoothing parameter (1); ® t-value instead of F-

value; © — taking parametric dispersion term into account; ***p<0.01, **p<0.05, *p<0.1.

Unlike other non-parametric approaches, the significant advantage of GAMs is that they are
relatively interpretable. Typical approach for GAMs is plotting the partial effects and inspect
the relationships between response price variables (in our case CZ; SK; Hu; and PL,)
and predictors visually. Visual GAM model output in the aspect of partial effects shows
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the impact of selected lagged price variable on the response, assuming that the rest of model
predictors equals to their mean values®. The findings imply that asymmetry exists in terms
of the disproportionate response to the appropriate predictor increase. We can observe non-
linear asymmetry in price transmission between Polish market and others. In other words,
response price variable reacts differently to the changes of the same lagged variables.

4. Conclusion

Being in line with the last studies on non-linear time series models of spatial agri-food price
transmission and market integration, we use non-parametric generalized additive model
to give evidence of non-linear nature in price relationships. The advantage of the GAM
approach is that researcher is not limited to global basis expansions of model covariates.
Instead a wide range of penalized spline bases is used which may better adapt to the price data
rather than imposing a concrete functional form (for instance, polynomial regressions).
Indeed, the polynomial can be significantly inflexible for complex nonlinear interactions.
The non-parametric GAMs reveal better description for spatial price transmission in pig-meat
markets of V4 countries in comparison with linear VAR modelling, that is in line
with the findings of Guney et al. (2019) and B. Goodwin et al. (2021) for USA food markets.
Our study fills the gap in the empirical literature on horizontal price transmission in EU agri-
food markets based on GAM modeling.

A consideration of horizontal price transmission by means of the advanced econometric
techniques is used to address a variety of economic issues. We have detected the assumption
about well integrated pig-meat V4 markets in terms of non-linear price relationships.
The price transmission “wiggliness” has been estimated and the most “wiggly” non-linear
pattern has been revealed between Slovak-Polish and Slovak-Czech pig-meat markets.
Asymmetries also exist in the non-linear relationships between V4 markets in terms
of the disproportionate response to the appropriate price predictor increase. The findings
of our research will provide important information for the decision-making field.
Understanding the nature of spatial price transmission can have considerable welfare
and policy implications. We suggest the following measures in order to stabilize Slovak
pig-meat market and mitigate the price asymmetry. Firstly, it is important to balance
the regulatory environment and avoid cutting off state support: the support system
for the pig-meat producers must be effective and sustainable. Secondly, there is also scope
for improving the transparency in price formation along the supply chain.

This study can be extended with considering multivariate GAM in VAR representation.
In order to build more flexible GAM models, another spline alternatives could be used
with incorporating interactions between lagged price variables, generalized impulse response
function analysis might also be of interest.
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Annotation: A new dataset for occupancy detection in smart buildings such as universities
is presented in this paper. The dataset can be used to train neural network models for this task
(object recognition of person’s head). Detectable space in smart buildings is defined
as corridors/common areas as well as, for example, classrooms and auditoriums. New dataset
is specific and unique because it contains annotations of indoor occupants from three views: front,
side and back. This is different from other datasets that normally focus on only one type
of annotation. The dataset also considers the varied conditions that occur during detection —
for example, the positioning of cameras in overhead, from the side, or other conditions, such
as lighting. In the cooperation with Security Department of Czech University of Life Sciences
Prague, the video recordings of five lecture rooms were obtained for a duration of ~372 hours,
from which still images were created and all persons appearing there were manually annotated
with bounding boxes. The number of these annotations amounts to 10 044 persons. Comparison
was then made on this data with other publicly available datasets. Then, ResNet-50 model was
trained using this dataset to determine if this dataset is applicable in machine learning. It was
found that a similar dataset designed primarily to count people from different perspectives
in auditoriums did not exist at the time of the research. Compared to other dataset, presented
dataset is smaller in size, however by creating an experimental model based on ResNet50, it was
found that in transfer learning, the model created is capable of inference and is therefore
practically applicable. Hence, the dataset can be used in machine learning.

Key words: dataset, detection, indoor occupancy, neural networks, ResNet50

JEL classification: C80 General

1. Introduction

People spend up to 80% of their time in buildings (Ander and Sedldk, 2019). Health, quality
of life and productivity depend on the indoor environment, and approximately 40% of all
energy produced is needed to maintain thermal comfort in the indoor environment (Mantovani
and Ferrarini, 2015).

Building highly energy-efficient structures require careful attention to their design.
This involves having information on how many people are using the building at any given
time. This information can help adjust the building’s temperature and lighting according
to the needs of the occupants. Some studies (Mantovani and Ferrarini, 2015), (Tran and Tan,
2014) reported that systems relying on actual occupancy levels resulted in 17.8% energy
savings for heating, ventilation and air conditioning (HVAC). The lighting control system,
which was described in more detail in the study (Leephakpreeda, 2005), has seen a 35%-75%
reduction in energy consumption for light sources.

It is estimated that in 2017, only 6% to 10% of commercial buildings were equipped
with occupancy sensors (Buccitelli et al., 2017; Elliott et al., 2019), an increase of 1% to 5%
from the original 5% in 2012 (Ashe et al., 2012). However, this increase was mostly
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due to the construction of new warehouses between 2010 and 2015, which saw a 33%
increase from the original 1% (Ashe et al., 2012). However, storage areas are rarely occupied
by people and so these sensors are not always fully utilised. In contrast, the education sectors
have seen a decline in the adoption of occupancy sensors from 9% to 8% and for office space
there has been a decline from 14% to 8% (Feagin Jr. et al., 2020).

However, since these sensors can lead to significant savings in energy, money and therefore
overall environmental savings, it is advisable to implement these sensors.

The level of detail that different sensors can offer varies depending on their type and function.
Therefore, the sensors can be categorized on how much information they can capture
and deliver. The categories of sensors according to their information granularity are
as follows:

Presence detection

By occupancy detection it is meant those approaches that are able to detect that someone
is in the room (i.e. that the room is occupied or not).

The presence of people in a room can be detected, for example, using environmental sensors
(CO2 level) in an enclosed space used to estimate the number of students as demonstrated
in the study (Ramli et al., 2020) or radar sensing (Papatsimpa & Linnartz, 2018).

Census of people

Census methods include approaches that make it possible to determine (even approximately)
how many people are currently in a given room. These include, for example, counting people
using optical or capacitive counting barriers, or by detecting users smart devices, where all
devices that are in the room and have some wireless technology enabled - either the Wi-Fi
or Bluetooth and that can be detected (Li et al., 2015).

Approaches to locating people

Person location approaches are those that have the highest granularity of data - these
approaches are not only able to determine how many people are in smart buildings, but also
where those people are specifically located (people sitting in seats or moving around
the room).

Locating people can be done in several ways, for example by using machine vision
from surveillance cameras or by attaching an IoT sensor to a seat that detects the presence
of a person - for example by using a strain gauge, as demonstrated in the study (Sifuentes
et al., 2018).

A cost-effective way to gather as much information as possible about the occupancy
of a room is to leverage the existing infrastructure that is already in place. Therefore, machine
vision is a suitable technique that can identify the locations of the occupants’ heads
from the footage of the cameras that are usually installed in buildings. However, to build
a reliable detection model, a dataset of images with annotated heads is required. This dataset
will be used to train a neural network that can recognize the presence and position
of the persons inside the room.
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A new dataset for detecting and localizing people (primarily) in auditoriums is presented
in this study, which can be used to train neural network models for object detection.

2. Materials and Methods

The data for dataset was obtained from already installed surveillance cameras located
in a total of five lecture halls at the Czech University of Life Sciences Prague (CULS).
The cameras were installed near the ceiling in the lecture halls, in 3 lecture halls the view was
from the "front" - the occupants had their faces visible, and in two lecture halls the cameras
were installed from the back (the occupants had their backs to the camera). In collaboration
with the Security Department, the camera footage was collected over a period of time
for a total of 14 days in 2022, selecting the time periods when the rooms were most used
(according to the schedule available in the University's electronic information system).

Because a proprietary camera system is installed at the university, the resulting video
recordings were in a proprietary format, with a "projector" attached to each video file that was
able to read this proprietary format. The projector was then used to obtain images of occupied
auditoriums. Images showing the occupants were selected in such a way that there was
a variety of data (the beginning or end of the class when the students were settling in, or two
or three images from the course of the class when the occupants of the lecture hall were facing
the camera at different angles).

The installed cameras are of different models and therefore have different parameters, such as
output video resolution, output video noise and others. The following table provides details
of the acquired video recordings:

Table 1. Details of videofiles

Des1gngt10p of the Video length Resolution Camera view Total seating
auditorium capacity
58:20:00
EI (2 days, 10 hours 1(6108’; 11\240?5" Frontal 140
and 10 minutes) ’ P
89:30:00
EIl (3 days, 17 hours 1(610%’;113?%3)" Frontal 140
and 30 minutes) ’ P
86:40:00
EIV (3 days, 14 hours 2(65 ?))é 11\5/12?)5’( Rear 60
and 40 minutes) ’ P
84:40:00
EV (3 days, 12 hours 2(6fg’8‘ 11\'5/[2(i)X;;x Rear 60
and 40 minutes) ’ P
53:00:00 (2 days, | 1600x1200 px
Tl 5 minutes) (1,92 Mpix) Frontal 280

The total size of the video recordings was 416 GB, cumulative length of all videos was 372

Source: Authors

hours and 10 minutes (15 days, 12 hours, 10 minutes).

From the obtained recordings, it is necessary to extract the images and then annotate the heads

of the persons appearing in these images.
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Since there is an assumption that after annotation, the dataset will not be of such a size that
it is possible to train the neural network model purely on it, it is advisable to use transfer
learning and build the neural network model using the already pre-trained model on a larger
dataset, therefore, older architecture ResNet-50 with 25.6 million parameter pre-trained
on COCO dataset was chosen as the test model.

ResNet is a family of deep neural networks for image recognition. The original ResNet paper
was published in 2015 by Kaiming He, Xiangyu Zhang, Shaoqing Ren, and Jian Sun
(He et al., 2016). The paper introduced a residual learning framework to ease the training
of networks that are substantially deeper than those used previously. The layers were
explicitly reformulated as learning residual functions with reference to the layer inputs,
instead of learning unreferenced functions (He et al., 2016).

COCO dataset is a comprehensive collection of images that have annotations for various
computer vision tasks, such as detecting objects, segmenting regions, captioning scenes,
identifying key points, integrating segments, and estimating poses. It was developed
by Microsoft and other collaborators in 2014 (Lin et al., 2014) and has been widely utilized
as a criterion for evaluating models. COCO dataset has 80 categories of objects and over
1.5 million instances, as well as 91 categories and 250 000 person instances with key points.
It also has around 500 000 captions that describe over 330 000 images. COCO dataset
is stored in a JSON format that includes information about the images, licenses, categories,
and annotations. COCO dataset is a valuable resource for computer vision researchers
and practitioners who want to train, test, and assess their models on a diverse and challenging
set of images.

In addition to the classical evaluation metrics commonly used in object detection (precision,
recall), it is important to consider alternative metrics that can measure the performance
of object counting methods (such as simple counting the number of visitors in a scene
without localisation). One option is to use MAE and RMSE, which are commonly applied
in regression-based approaches for people counting.

MAE stands for mean absolute error and RMSE stands for root mean squared error. They are
both regression metrics that measure the difference between the predicted and actual values
of a target variable.

MAE is calculated as the average of the absolute values of the errors between the predicted
and actual values. RMSE is calculated as the square root of the average of the squared errors
between the predicted and actual values.

n
1
MAE == Iy, = 31 @
i=1
1 n
RMSE = ;Z(yi —9,)2 3
i=1

Where:
n is the sample size
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yi is the observed value for the i-th observation
Vi 1s the predicted value for the i-th observation

3. Results and Discussion

Still images were extracted from video recordings and annotated manually by drawing
bounding boxes around the person's heads in each image. All the bounding boxes had a square
shape and were labelled with one of three classes - front, back, or side. The class “front” was
given to the boxes where the person’s face was fully visible and facing the camera. The class
“side” was given to the boxes where the person’s face was partially visible (cheeks or nose
were visible) and turned to either side of the camera. The class “back” was given
to the images where the person’s back was facing the camera and their face was not visible
at all.

Several situations occurred during still image acquisition and annotation: the recordings
from the higher resolution cameras contained more compression artifacts (sometimes
so extensive that it was impossible to recognize what was actually in the recording).
This problem was relatively easily solved by selecting the closest image to the one
that contained these compression artifacts. Furthermore, these higher resolution cameras
contained both time markers and camera identification. If the annotated person's head was
largely behind the marker, then that person was not annotated.

The annotation details can be found in the following table:

Table 2. Dataset annotation details

. Annotations )
Auditorium Front Side Back Files total
El 1392 1013 70 79
EIl 1 064 908 50 67
EIV 118 675 806 72
EV 139 946 934 92
TI 1175 725 29 54
3 888 4267 1 889
Total 10 044 364

Source: Authors

The data from the table can also be seen in the following graphs:

Figure 1. Graph of annotated files for every auditorium Figure 2. Graph of number of annotations per every

y auditorium
Number of annotated files

Number of annotations

El EV EIV

Source: Authors
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Source: Authors
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Comparison with other datasets

In the table below (Table 3), a comparison with other datasets dealing with person
detection/counting can be observed. In addition to datasets that contain bound boxes, like
the dataset presented here, there are also datasets that use only one point for annotation
and thus are primarily used for person counting methods (regression methods). Datasets
annotated with only one point (the center of a person's head) are included because the dataset
presented in this study can be very easily converted from a bounding box to annotation
of only one point (using a centroid). Conversely, datasets annotated with only one point can
be converted to pseudo-ground truth using, for example, the method presented in (Liu et al.,
2019).

Table 3. Comparison with existing dataset used for person counting/localization

Annotations Bounding
Min Avg Max Total box

Dataset Type Frames

UCSD

(Chanetal., 2008) | Surveillance 2000 | 11 | 249 46 49 885

Caltech Pedestrian
dataset
(Dollar et al.,
2009)

Vehicle camera 250 000 - 1.4 - 350 000 Y (whole)

UCF_CC_50
(Idrees et al., Surveillance 50 94 1279.5 4 543 63 974
2013)

Mall

(Loy et al., 2013) Surveilllance 2 000 13 31.2 53 62 316

WorldExpo
(Cong Zhang et Surveillance 3980 1 50.2 253 199 923
al., 2015)

Shanghaitech A
(Y. Zhang et al., Surveillance 482 33 501.4 3139 241 677
2016)

Shanghaitech B
(Y. Zhang et al., Surveillance 716 9 123.6 578 88 488
2016)

AHU-Crowd

(Hu et al., 2016) Surveillance 107 58 420.6 2201 45 000

Smart-City
(L. Zhang et al., Surveillance 50 1 7.4 14 369
2017)

CityPersons
(S. Zhang et al., Vehicle camera 2975 - 7 - - Y (whole)
2017)

CrowdHuman

(Shao et al., 2018) Crawl 15000 | - | 22.64 - 339565 | Y (head)

UCF-QNRF
(Idrees et al., Surveillance 1535 49 815.4 12865 | 1251642
2018)

FDST

(Fang etal,, 2019) | Surveillance | 15000 ) 9 26,7 57 394 081
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GCC
(Wang et al., Synthetic 15212 0 3995 501 7 625 843
2019)

Crowd
Surveillance Surveillance 13 945 - 35 - 386 513
(Yan et al., 2019)

Vis-Drone-
CC2020 Aerial 3360 25 144.7 421 486 155
(Du et al., 2020)

Metro platform

(J. Zhang et al., Surveillance 627 - 15 43 9243
2021)
CULS Indoor
Occupancy Surveillance 364 2 27.6 90 10 044 Y
dataset

Source: Every source is cited by dataset name

Training a neural network for object recognition

The performance of the dataset for interior person detection was evaluated by applying
it to train and test a neural network model that can recognize people in different images.
The dataset after annotation was split randomly into two subsets: 90% for training and 10%
for testing. The task was also simplified by merging all the original classes in the dataset
(“front”, “side”, “back’™) into one class - “head”. The presence of a person rather than their
orientation was focused on by this way.

The test model was trained with micro-batch (on 2 samples) using mixed-precision, also
dataset augmentation was used as follows: random horizontal flip, random brightness change
(max A: 0.2), random contrast change (min A: 0.7, max A: 1.1), random cropping of input
image (minimum aspect ratio 0.75, maximum aspect ratio 3.0, minimum area 0.75, maximum
area 1.0). Training was done with momentum optimizer, with cosine decay learning rate
for 30 000 steps. Figure 3 shows loss curves for both training and testing. It can be observed
that the model converged and that there was no evident overfitting. On Figure 4 one can see
the cosine decay learning rate with linear warmup that was used for training.

Figure 3. Graph of total loss Figure 4. Graph of learning rate
‘ 3 Train 0.04
H Test
1.4
0.03
]
0.02
0.6 0.01
0.2 A 0
0 5k 10k 15k 20k 25k 30k 0 5k 10k 15k 20k 25k 30k
Source: Authors Source: Authors
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Model evaluation

During model building, checkpoints were saved, and the model was tested on them:
There were 30 checkpoints in total (one for every 1000 steps of learning).

Since the ResNet-50 model pre-trained on the COCO dataset was used, the COCO metrics
were primarily used for the evaluations, and the evaluation was further extended to include
an evaluation of object counting for the last checkpoint.

In Figure 5 it is possible to see a graph of mAP, that is averaged over multiple Intersection
of Union (IoU) values. Specifically, mAPY=5%0595 means, that there are 10 IoU thresholds
(starting with 0.50 to 0.95 in 0.05 increments). For clarity, mAP is shown in Figure 6
if the IoU is 0.5, which corresponds to the common Pascal VOC metric. The IoU, sometimes
referred to as the Jaccard index, is defined as follows (Rezatofighi et al., 2019):

ANB

IoU = T 1)
Figure 5. mAPloU=50:05.95 Figure 6. mAP@.50IoU
0.6
05 0.8
0.4 0.6
03 0.4
0.2
0.1 0.2
0 0
0 Sk 10k 15k 20k 25k 30k 0 5k 10k 15k 20k 25k 30k

Source: Authors Source: Authors

In the following figures it is possible to see graphs of average recall limited to 10 and 100
images respectively. The computation is calculated through 10 IoU thresholds, similar
to the mAP case.

Figure 7. AR@10 Figure 8. AR@100
0.65
0.22 0.55
0.18 0.45
0.14 0.35
0.1 0.25
0.06 0.15
0.02 0.05

0 5k 10k 15k 20k 25k 30k 0 5k 10k 15k 20k 25k 30k
Source: Authors Source: Authors

The graphs above show the progress of the model’s performance during the training process.
The model gradually improved its accuracy, recall and reduced its loss as it learned
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from the data. By the time the training was completed (that is, after 30,000 steps), the model
achieved the following results: mAP °U=350:0595 - (5925 mAP @ 0.5IoU = 0.932,
AR@10=0.2434, AR@100 = 0.637.

Since the output of the model are bounding boxes with a certain confidence score
that determines how likely it is that the desired object is inside the bounding box, it is possible
to calculate the MAE and RMSE values from the last checkpoint of the model to see how
the MAE and RMSE change when the detector's confidence score tightens, as can be seen
in Figure 9. From the figure, it can be seen that in the case of just counting people, the model
showed the lowest MAE (1.65) and RMSE (2.51) when the bounding box confidentiality
score was >= 25 %. However, setting such a low score is not very appropriate in a production
deployment (for robustness reasons - the model may detect false positives). It is more
appropriate to choose a higher confidence score (at least >= 60%), where the tested model had
MAE (16) and RMSE (24.44) on the test dataset.

Figure 9. MAE & RMSE values vs classification confidence score

MAE & RMSE values vs score (last checkpoint)

— MAE
70 - —— RMSE

60 -

value

20 -

10 -

0 20 40 60 80 100
score

Source: Authors

In the following pictures it is possible to see pictures of the auditoriums. The blue bounding
boxes indicate ground truth as annotated by authors. The model output is marked in green
(all bounding boxes where the confidence score >= 25% are plotted), with the confidence
score above each marked bounding box. All ground truth bounding boxes are blurred
by gaussian blur to make it impossible to identify any person. Other parts of the image that
could lead to disclosure of identities have also been manually blurred.
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Figure 10. Ground truth + model output (frontal view)

L ==
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Source: Authors

Figure 11. Ground truth + model output (back view)

Source: Authors
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4. Conclusion

In this paper, a new dataset was presented to train neural network models for indoor person
detection. A similar dataset that would contain annotations of the heads of persons using
bounding box, would be collected indoors (auditoriums) and would have three classes
of annotations was not found. Statistical comparison with the other datasets shows that
this presented dataset is smaller in size, but the results of the ResNet-50 model developed
show that even from such a small dataset, it is possible to create a detection model that can be
used to detect and locate people in smart buildings using existing infrastructure. Since
the resulting model can be used to locate people, it is possible to annotate seats if necessary,
and if the detected bounding box is located in the seat annotation, it is possible to determine
if the seat is occupied. This approach is useful if the lighting/heating of a given auditorium
needs to be changed. The resulting model can be used in practice at the Czech University
of Life Sciences to take a count of people and then create more detailed statistics on how
many people are interested in attending a lecture or exercise, and it is possible to plan
and estimate which agricultural subjects are most in demand.
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Annotation: The paper is focused on the examination of the labor market in the agrarian sector
of the Czech Republic. The analysis mainly deals with the examination of the short-term dynamics
as well as the long-term tendency in the labor market and quantified labor productivity compared
to overall labor productivity in the Czech Republic. Finally, the prediction of further development
is provided. The analysis of the employment in the agrarian sector of the Czech Republic is based
on the time series provided by Luiss - Lab of European Economics containing the annual
observations in the period from 1995 to 2020. The methods of the regression analysis, statistical
testing as well as the forecasting are employed to fulfill the objective. A regression growth model
together with the Chow test are employed to detect possible structural breaks in analyzed time
series. The dynamics of analyzed time series is examined using the growth rate. The trend function
is employed to detect and describe the long-term tendency of analyzed indicators. The basic results
point to differences in labor productivity in the agrarian sector and the national economy.
In general, it can be stated that the labor productivity is increasing, but significant shocks are
visible in the agrarian sector, due to which productivity is very fluctuating. In the national
economy, the development of productivity is less affected by potential shocks, but the results show
an alarming decrease in productivity gains (changes) in the monitored time period.

Key words: Labor market, labor productivity, agriculture, national economy, structural breaks,
Czech Republic

JEL classification: E24, E27, J43

1. Introduction

Agricultural sector plays an important role in economic, social, regional as well as ecological
aspects of every national economy. Even more developed countries emphasize rather
the tertiary sphere the role of agriculture is still important. Despite the decreasing agricultural
share in employment the agriculture subsidies increase with the growth of the country’s
economy. Thus, the agricultural labor market should not be excluded when analyzing
the economy of all both, developing and developed economies. The importance
of the agricultural sector with its output and employment for a regional economy
is emphasized by (Loizou et al., 2019). (Nowak and Rézanska-Boczula, 2021) demonstrate
that human resources are of utmost importance in the structure of the sources
of competitiveness. However, as (Bochtis et al., 2020) or (Sven Smit et al., 2020) add that
the labor market as well as the level of the agricultural workforce have been seriously affected
by COVID-19 pandemic. On the other hand, (Mamonova and Franquesa, 2020) argue that
the European countryside remains largely overlooked in debates on the current political crisis
and the ways out of it.

(Kénya et al., 2020) define the following major issues of the specific agricultural labor
market: agricultural subsidies, measurement problems with farmers' income and the volatility
of agriculture value added. According to (Giannakis and Bruggeman, 2018) technical
efficiency, soil erosion, regional economic development and low population density are
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important determinants of related agricultural labor productivity. (Barany and Siegel, 2021)
adds that either capital accumulation, nor the occupational employment structure
within sectors explain much of the sectoral differences in labor productivity growth.
(McErlean and Wu, 2003) emphasize the trend of migration from agriculture to non-
agricultural sectors as a fundamental resource adjustment in most developing economies.
Thus, the link between the development of the non-agricultural sector and the decline in
agricultural labor as a proportion of the total labor force is obvious.

(Kénya et al., 2020) detected that both the level and the dynamics of the labor share vary
significantly across the Central and Eastern European Countries (CEEC). Nevertheless,
they also detected some common characteristics. The authors found that the labor share
is lower on average in CEEC countries than in developed EU countries, both excluding
and including agriculture. The same conclusion was provided e. g. by (Kotodziejczak, 2020).
Similarly, (Giannakis and Bruggeman, 2018) show that the agricultural labor productivity
varies across Europe. The authors detected significant differences between the continental
northern-central countries and the continental peripheries (the Mediterranean, Eastern Europe
and Scandinavia). The inter-country differences in the labor productivity were also confirmed
by (Pawlak et al., 2021) where the difficult competitive situation is observed in the CEEC
countries as well as the Mediterranean region, specializing in land- and labor-intensive
production. (Martino, 2015) show that some EU regions perform better than others, having
higher aggregate productivity growth despite a similar structure of output.

The differences in the agricultural labor productivity exist also in microregional level. (Zenka
et al., 2016) discovered that land-use fragmentation affects negatively microregional
agricultural labor productivity. The authors show that larger average size of plots is positively
related to microregional agricultural labor productivity despite potentially negative effects
of land tenure. The influence of the land segmentation on labor productivity is also confirmed
by (Zsarn6czai and Zéman, 2019).

Besides the issues mentioned above the specifics of the labor market and labor productivity
in agriculture should be considered. As (Koénya et al., 2020) explain the high share of self-
employed, semi-subsistence farmers in agricultural employment makes the measurement
and interpretation of the labor share and labor productivity complicated. (Obadi¢ et al., 2023)
add that the labor markets operate in conditions of market imperfection, so then they require
certain actions of institutions and an appropriate mix of different regulations, taxes,
or subsidies that affect the relationship between workers and employers.

Moreover, the relationship between the labor market optimization and labor productivity
should be examined. The question: “What is the optimal level of employment in agriculture?*
is answered e. g. by (Kotodziejczak, 2020). From the technological point of view,
it is the level which ensures the best utilization of existing resources and inputs while
respecting environmental governance and safety of produced food. From the economic point
of view, it is the level which guarantees maximization of surplus produced in enterprises
of the agricultural sector, particularly farms. From the social point of view, it is the level
which, after division of Gross value added (GVA) generated by agriculture between
all the employed in this sector, gives GVA per 1 person employed comparable to those
employed in the industry and the services sector.
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Finally, the influence of the EU policy on the employment and labor market should not be
omitted. (Garrone, Emmers, Lee, et al., 2019) prove that on average, EU's Common
Agricultural Policy subsidies increase the agricultural labor productivity growth, but
this aggregate effect hides important heterogeneity of effects of different types of subsidies.
However, (Garrone, Emmers, Olper, et al., 2019) show that the empirical evidence
of the impact of the subsidies on agricultural employment is contradictory. Even one may
assume that the subsidies increase agricultural employment, i. e. they lead to more jobs
in agriculture than it would be without (or with less) subsidies, some studies confirm while
other reject that.

2. Materials and Methods

In basic economic theory, labor is a separate factor of production that can be characterized
by various techniques. On a general level, a simple description of the development
of the amount of work performed can be made, expressed by various simple or compound
indicators that quantify the value of a unit of work. However, it is much more beneficial
to use expressions in proportion to the output achieved, which can be characterized as labor
productivity. In this sense, labor productivity is a partial indicator of productivity
and is expressed by the relationship:

output volume (added value) (1)

Labor productlmty = volume of input (form of work)

The stated general relationship can be transformed in different ways depending on the form
of the output and the form in which the production factor of work is expressed.
The agricultural sector is very specific in this respect, primarily characterized by a large
extent of different working hours, and therefore, for example, the standard methodology
derived from the number of employees is not adequate here. For the above reason,
in agriculture, it is advisable to convert to the number of employed workers or other forms
of work unit.

The presented work deals with the quantification of labour productivity in the whole economy
of the Czech Republic, and also with the determination of labour productivity
in the agricultural primary production sector.

The paper uses a time series analysis based on the calculation of basic measures of dynamics
in the form of growth rates, estimation of trend functions and autoregressive model, which are
used to express the development of a selected economic variable over time and then applied
in the field of forecasting activities. The authors set the following research questions:

* QI: Are there statistically significant structural breaks in labour productivity over
time?

* Q2: What is the evolution of labour productivity in the national economy as a whole
and in the agriculture over time?

* Q3: What are the appropriate tools for forecasting the evolution of analyzed time
series?

Growth rate indicators (Hindls et al., 2018) are used to determine the answers to these
questions:

_ Vt—Yt-1
d; = S .100 (2)
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Subsequently, trend functions (Cipra, 2008) are estimated:

Vi = Y0+ Y1X¢ + Uy 3)
where:
t number of observationst=1...T,
y endogenous variable,
X¢ time vector,
Yo .. constant,
Y1 parameter of time vector,
Uy . random variable.

In case when the trend function does not meet the basic assumptions about the random
component, the autoregressive model AR(p) is used, where p is the number of lags
of the endogenous variable, and which is a suitable tool for constructing forecasts
of the evolution of the studied economic variable.

yt:yo"'(plyt—l+"'+(pth—p+ut 4
where:
¥4 parameter of lagged variable.

To verify that the assumptions about the random component are met, the LM test
for autocorrelation of residuals, the White test for homoskedasticity and the Chow test are
performed to assess the stability of the parameters and detect any structural break in the time
series. The results of the tests are evaluated based on the estimated p-value, which indicates
the probability with which the null hypothesis cannot be rejected. The null hypotheses
together with alternative hypotheses are shown below.

LM test

Hy:  autocorrelation of residues is present
Hqy:  autocorrelation of residues is not present
White test

Hy:  heteroskedasticity is not present

Hi:  heteroskedasticity is present

Chow test
Hy:  no significant structural break

Hi:  significant structural break

The Chow test is recommended when the time series shows the presence of a structural break
in approximately similarly long segments of the time series using the graphical method.

The analysis itself is based on the time series of selected indicators containing annual
observations in the period 1995 — 2020. The data set was collected using the LUISS database
run by Luiss Lab of European Economics at Luiss University in Rome in Italy. The database
provides the updates to the EU KLEMS (EU capital, labor, energy, materials and services
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inputs) productivity database extended by the estimates of intangible investment coherent
with INTAN-Invest”.

3. Results and Discussion

For the basic characterization and modeling of the labor productivity, basic macroeconomic
indicators, necessary for quantifying an adequate level of productivity, were first extracted
from the source database. This is mainly the gross added value expressed in the prices
of the previous year, as well as the recalculated number of employed persons and the number
of hours worked by these persons. All the mentioned indicators are given for the national
economy of the Czech Republic (i.e. all NACE sectors) and at the same time only
for the agricultural sector for a suitable comparison of differences, see Table 1.

Table 1. Selected characteristics for the labor market (CZ)

per/ | VA_A_PYP | VA_T_PYP | EMP_A | EMP_T | H EMP_A | H EMP_T
var | (mil) (mil) (th.) (th.) (th.) (th.)

2000 74301 2133573 | 226.36 | 4859.4 464450 | 9234010
2001 77385 2240534 | 226.85| 4846.4 441887 8836536
2002 80066 2401510 | 192.46 | 4876.8 372346 8837763
2003 73671 2533894 | 186.05| 4838.1 362242 8703898
2004 77558 2706443 | 190.12 | 4828.9 363782 8757937
2005 81285 2976889 | 181.21 | 4922.7 349552 8875156
2006 69715 3187909 | 175.63 4989 335581 8926422
2007 59017 3378871 | 170.38 | 5093.2 333019 | 9040417
2008 81990 3620229 | 170.06 | 5204.1 332365 9313295
2009 101086 3474313 | 169.57 | 5110.1 325728 9089851
2010 55634 3685490 | 155.68 | 5057.3 305731 9098481
2011 55822 3676989 | 165.33 | 5043.4 327808 9105793
2012 87478 3638129 | 165.35| 5064.6 319834 8997041
2013 90470 3676927 | 170.22 | 5080.9 329325 8964295
2014 104841 3819141 | 168.55 5109 327706 | 9062346
2015 111960 4120083 | 164.46 5182 322031 9075987
2016 107652 4269232 | 162.61 | 5264.3 320931 9339114
2017 96313 4539121 | 163.39 | 5345.8 323607 9496559
2018 109450 4749180 | 165.52 | 5417.1 332005 9667734
2019 109680 5022730 | 160.34 | 5430.4 314702 | 9698776
2020 119686 4957406 | 161.57 | 5337.2 314057 8949707

Note: VA - gross added value, PYP - prices of the previous year, A - Agriculture CZ, T - total CZ (all NACE),
EMP - number of persons employed, H_EMP - hours worked by persons engaged
Source: Luiss - Lab of European Economics

In the subsequent part, the quantification of the labor productivity indicator is carried
out according to the methodological procedure, in the variant of the total labor productivity
per worker and alternatively in the conversion to one hour worked. At the same time,
these productivity indicators are separately quantified for the entire national economy
and as well as the agricultural sector, see Table 2.

4 https://economy-finance.ec.europa.eu/economic-research-and-databases/economic-databases/eu-klems-capital-
labour-energy-materials-and-service en ; http://www.intaninvest.net/
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Table 2. Labor productivity

LP_A_EMP |diffyt |diffyt/ |LP_T_EMP |diffyt/ |diffyt/ |LP_A_H_ diff yv | diffyt/ |LP_T_H_ diff yt/ | diff yt/
per/ | (CZC/ y(t-1) | y(2000) | (CzC/ y(t-1) | y(2000) | EMP (CZC/ | y(t-1) | y(2000) | EMP (CZC/ |y(t-1) | y(2000)
var | person) (%) (%) person) (%) (%) hours) (%) (%) hours) (%) (%)
2000 | 328242.6 -1.6 0.0 439063.7 7.8 0.0 160.0 -4.0 0.0 231.1 7.3 0.0
2001 | 341128.5 39 39 462308.0 5.3 5.3 175.1 9.5 9.5 253.6 9.7 9.7
2002 | 416013.7 22.0 26.7 492437.6 6.5 12.2 215.0 22.8 344 271.7 7.2 17.6
2003 395974.2 -4.8 20.6 523738.5 6.4 19.3 203.4 -5.4 27.1 291.1 7.1 26.0
2004 | 4079424 3.0 24.3 560469.0 7.0 27.7 213.2 4.8 33.3 309.0 6.2 33.7
2005 | 448568.0 10.0 36.7 604731.8 7.9 37.7 232.5 9.1 45.4 3354 8.5 45.2
2006 | 396942.4 -11.5 20.9 638983.7 5.7 45.5 207.7 -10.7 29.9 357.1 6.5 54.6
2007 | 346384.6 -12.7 5.5 663410.9 3.8 51.1 177.2 -14.7 10.8 373.8 4.7 61.8
2008 | 482124.0 39.2 46.9 695650.7 4.9 58.4 246.7 39.2 54.2 388.7 4.0 68.2
2009 | 5961314 23.6 81.6 679888.7 -2.3 54.8 310.3 25.8 94.0 382.2 -1.7 65.4
2010 | 357361.3 -40.1 8.9 728749.4 7.2 66.0 182.0 -41.4 13.7 405.1 6.0 75.3
2011 | 337639.9 -5.5 29 729063.7 0.0 66.0 170.3 -6.4 6.4 403.8 -0.3 74.8
2012 | 529047.5 56.7 61.2 718343.4 -1.5 63.6 273.5 60.6 71.0 404.4 0.1 75.0
2013 531488.7 0.5 61.9 723672.0 0.7 64.8 274.7 04 71.7 410.2 14 71.5
2014 | 622017.2 17.0 89.5 747536.4 33 70.3 319.9 16.5 100.0 4214 2.7 82.4
2015 680773.4 9.4 107.4 795082.0 6.4 81.1 347.7 8.7 117.3 454.0 7.7 96.5
2016 |  662025.7 -2.8 101.7 810976.6 2.0 84.7 3354 -3.5 109.7 457.1 0.7 97.8
2017 | 589466.9 -11.0 79.6 849097.2 4.7 93.4 297.6 -11.3 86.0 478.0 4.6 106.9
2018 | 6612494 12.2 101.5 876698.3 3.3 99.7 329.7 10.8 106.1 491.2 2.8 112.6
2019 | 684046.4 34 108.4 924928.2 5.5 110.7 348.5 5.7 117.9 5179 54 124.1
2020 | 740768.7 8.3 125.7 928838.5 0.4 111.5 381.1 9.3 138.2 553.9 7.0 139.7
Note: LP - labor productivity, A - Agriculture CZ, T - total CZ (all NACE), EMP - number of persons employed,

H_EMP - hours worked by persons engaged
Source: own calculation

From the point of view of the achieved values of basic labor productivity per wor ker
and from Figure 1, it is possible to state that the total labor productivity in the national
economy reaches higher values (on average 694936.6 CZC/person/year)
than in the agricultural sector (on average 502635.1 CZC/person/year) and at the same time
steadily and evenly increases in the observed period of 2000 - 2020. Labor productivity
in agriculture itself is quite fluctuating, experiencing sharp fluctuations in several periods,
and the average growth rate is significantly lower, with a significant increase being visible
basically only since 2011.

Figure 1. Labor productivity in Czech Republic (CZC/person)
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The development of labor productivity in the national economy can be characterized in more
detail according to Figure 2, which shows year-on-year and basic changes of the monitored
indicator.
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Figure 2. Change in labor productivity in Czech Republic all NACE (%)
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From the achieved values, it can be concluded that the total labor productivity in the Czech
Republic steadily increases by an average of 5% per year compared to the base level of 2000,
but when taking into account the year-on-year change, it is evident that the rate of growth
slightly decreases, i.e. the added value per worker is overall increasing but with decreasing
increment.

The situation is different in the agricultural sector (see Figure 3). Primarily, it is noticeable
that both basic and year-on-year changes in productivity have a large variance
in the monitored period and often show negative values, i.e. there is often a short-term
decline. Compared to the base level of 2000, changes in labor productivity fluctuate
enormously in the period 2007 - 2012, where there are two-way fluctuations of up to 80%
compared to 2000. Overall, however, taking into account the average change,
there is an average increase in labor productivity in agriculture as well by about 5% per year,
which is very similar to the values of the change in labor productivity in the national
economy. What is different is the comparison of the average year-on-year change,
which is positive in the agricultural sector, and therefore it can be stated that labor
productivity is increasing at a slightly accelerating rate in the monitored period.

Figure 3. Change in labor productivity in Agriculture Czech Republic (%)
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Table 3 shows an estimate of the trend function, which confirms the presence
of a deterministic trend that indicates rising labour productivity of Czech agriculture,
with an annual increase of 18 788 CZK per worker. The model meets the assumptions
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of a random component in all the tests carried out and is also verified statistically. The Chow
test demonstrates that the recorded structural break detected in 2007 is not statistically
significant and hence it is not necessary to include a dummy variable in the model
to eliminate the effect of significant outliers in the time series. According to the Ministry
of Agriculture (2007), year 2007 was assessed as a year with unfavourable weather conditions
with a negative impact on the yield and quality of most crop production, which was reflected
in a high increase in the selling prices of crop commodities.

Table 3. Estimation of the trend function of agriculture labour productivity in the Czech Republic (PP_A_EMP)
in 1995-2022

Coefficient Std. Error t-ratio p-value

const 202670 26647.1 7.606 <0.0001 wokk
time 18788.1 1725.46 10.89 <0.0001 Hokk
R-squared 0.83 Adjusted R-squared 0.82

F(1, 24) 118.56 p-value <0.0001

LM test 1,288 p-value 0,268

White test 4,353 p-value 0,113

Chow test 1,853 p-value 0,180

Source: own calculation in SW Gretl Notes: *to = 0.1, ** ta = 0.05, *** ta = 0.01

Table 4 shows the estimates of the autoregressive model for the labour productivity indicator
in the national Czech economy. For this economic variable, the trend function was found
to be an inappropriate tool for determining the evolution over time since the model shows
the spurious regression due to the failure to meet the assumption of the absence
of autocorrelation of residuals, and also the time vector does not show the presence
of a deterministic trend and is statistically insignificant. The content of the table shows
that the AR(1) model is verified, and it is possible to observe an inertia in the growth
of labour productivity in Czech agriculture. Even in the case of the observed break year 2008,
this fluctuation is not shown to be statistically significant.

Table 4. Estimation of the trend function of labour productivity of total economy in the Czech Republic
(PP_T_EMP) in 1995-2022

Coefficient Std. Error t-ratio p-value

const 45220.0 11961.8 3.780 0.0010 Hokk
PP_T EMP_1 0.970103 0.0186880 51.91 <0.0001 Hokk
R-squared 0.991 Adjusted R-squared 0.991

F(1, 24) 2694.706 p-value <0.0001

LM test 0,089 p-value 0.768

White test 4.062 p-value 0.131

Chow test 0.746 p-value 0.486

Source: own calculation in SW Gretl
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4. Conclusion

The paper was focused on the examination of the labor productivity in the Czech national
economy and agriculture, its long-term tendency as well as short-term variation in the period
from 1995 to 2020. There were three working questions defined and the related issues
considered as following.

Firstly, the presence of the structural breaks was detected and evaluated using the graph
of the selected time series as well as the suitable tests. Even the presence of the structural
breaks is obvious - of the time series of the labor productivity in the Czech agriculture in year
2007 and in the time series of the labor productivity in the Czech economy in year 2008,
their statistical significance was not proven.

Secondly, the development of the labor productivity in the Czech national economy as well as
the Czech agriculture was examined. Even the long-term tendency of all analyzed indicators
(except the number employed in agriculture) can be considered as increasing over the time,
the short-term fluctuations can be seen as well. It can be concluded that the development
of the labor productivity in the Czech national economy is smoother than the development
of the labor productivity in the Czech agriculture. Moreover, the level of labor productivity
is higher in the national economy than in the Czech agriculture in long-term viewpoint.

Finally, the question of the suitable method for forecasting of the labor productivity was
considered. The analysis showed that for the purposes of forecasting Autoregressive model
(AR) should be used rather than just a trend function due to the short-term fluctuations
detected in analyzed time series.

In addition, it can be stated that the level of labor productivity is affected by many factors.
Besides, the labor productivity of agriculture should be evaluated carefully due to the specific
and unique role of the agriculture in the national economy. Even the extent of number
of workers in agriculture as well as its share in the output of national economy is decreasing
in long-term, the importance of the agricultural sector is indisputable.
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Annotation: Rural areas are taking up a significant part of the European Union territory.
It is important to monitor their progress and behavior, having in mind all social and agricultural
specifics. Expenditures in the research and development field are important, as they are leading
to a better educational environment and contributing to rural areas' growth. The main goal
of this article is to analyze and review different social and agricultural indicators for typical rural
areas in Bulgaria. Results are giving information about the current status and the dynamics
in the typical rural areas from a social point of view, emerging digitization as part of future means
of learning and acquiring new knowledge.

Key words: rural areas, human capital, employment rate, unemployment rate, research
and development

JEL classification: R1, P25, E24

1. Introduction

According to the European Commission, over 80% of the territory of the EU is taken by rural
areas and for this reason, as Georgieva-Stankova et. al (2018) pointed out that villages
and rural areas fall into the agenda of various analyses, assessments and policies.
They present a research field for the study and analysis of new models of economic, civil
and social behavior, and as such, remain at the center of our attention.

The purpose of the study is to analyze typical rural areas in Bulgaria and to draw
opportunities about regional development and prospects for increasing the interest to rural
areas as an attractive force for human capital. Lots of researches considered the problem
of rural areas in different countries such as Grigoryeva (2012) for youth unemployment
in Czech Republic, Rosenzweig (1988) for family’s income in rural areas and Chambers
(1983) for complex rural development.

For the purpose of the study, it is necessary to start by defining some terms, such as:
“Urbanization”. Marinov (2021) mentioned that the etymology of the term urbanization
is very complex, there are different interpretations of a large number of authoritative scholars
dealing with this matter. The word comes from the Latin urbs, hence the adjective “urban”
in translation - urban or more urban. In the 14th century the term ‘“urbanity” enters
in the literature as a concept, referring to the emergence and development of cities.

Markov et. al (2016) confirmed that according to the nomenclature of territorial units

for statistics — NUTS, defined by Eurostat (2023), Bulgaria’s territory is divided into two
statistical zones. They are formed from the 6 statistical regions, which correspond to level
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NUTS 2. Statistical regions are formed from the 28 districts, which correspond to the NUTS 3
level. At the LAU 1 level, there are 265 administrative-territorial units (municipalities).
It is also necessary to define what exactly is meant by typical rural areas. The typology
"urban-rural territories" is presented by Eurostat in the Guide to typologies of regions (2020).
The main criteria for defining urban-rural regions is the population. Therefore, there are
several approaches that could be used to correctly allocate the territories according to NUTS 3
and they can be divided into three groups:
-"Predominantly rural" if the share of the population living in rural areas is higher than
50%
-"Intermediate areas" if the share of the population living in rural areas is between 20%
and 50%
-"Predominantly urban" if the proportion of the population living in rural areas is less
than 20%.
Now, since there are clear criteria for determining the regions of the territory in Bulgaria
according to the NUTS 3 typology, it will be possible to determine exactly which regions
meet the criteria and make sure the study is directed to correct regions — only the typical rural
regions.
Map 1. Urban-rural typology regions in EU in 2022
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The groups distributed in this way can also be considered at the NUTS 3 level, for the proper
separation of the typical rural areas subject to the research.

2. Materials and Methods
The tasks for accomplishing the research goal include:

1) selecting proper territory type — typical Rural areas in Bulgaria - according
to NUTS 3 classification; In our case these are: Vidin, Razgrad, Silistra,
Targovishte, Smolyan, Kardjali and Sofia Region. These regions are covering
the requirements to have more than 50% of their population located in rural areas.

2) collect and classity the information based on the official National Statistical Institut,
Bulgaria and Eurostat;

3) analyzing and processing the information, followed by conclusions for the social,
agricultural, and research and development sectors in the rural areas.

4) The period of this research is covering 7 years (from 2015 to 2021), which
is defined as medium term period for statistical purposes.

The research methodology is based on different social coefficients and factors, like
employment and unemployment rate, and the relative share of the educational level per capita
in Bulgaria and also to the typical rural areas. The area of research includes seven regions
and they all are classified as the same type — Predominantly rural (typical rural).

Calculations are done with Statistical software SPSS and also visualized according
the Eurostat data and National statistical institute in Bulgaria.

Employment rate

The population in the country aged 15 years and over are divided in three mutually exclusive
groups - persons employed, unemployed and out of labour force. Employed persons are aged
15 — 64 years who during the reference period: worked for at least one hour for pay or profit;
did not work but had a job or business from which they were temporarily absent due
to holydays or illness.

The employment rate is calculated using the following formula:

Pz
Cz=—--.100, @

Where

Cz — Employment coefficient

Pz — Employed persons in the age group 15-64

Pt — Total number of persons in the age group 15-64
Multiply by 100 to get a coefficient in percentage.

Unemployment rate

Persons aged 15 - 74 years who were not employed during the reference week, according
to the above definition, and were currently available for work, i.e. were available for paid
employment or selfemployment before the end of the two weeks following the reference
week; and were actively seeking work in the four-week period ending with the reference week
or found a job to start within a period of at most 3 months from the end of the reference week.
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The unemployment rate is calculated using the following formula:
Pu
Ur =—-.100, 2)

Where

Ur — Unemployment rate

Pu — Unemployed persons in the age group 15-64
Pt — Total number of persons in the age group 15-64
Multiply by 100 to get a coefficient in percentage.

In order to guarantee proper information processing, the following methods are used: analysis
and synthesis; inductive, deductive, and translational methods; grouping, systematization,
classification; statistical methods for characterizing dynamic and variation statistical series;
structural analysis; econometric methods; cluster analysis.

3. Results and Discussion

The average annual salary of employed persons provides information on whether typically
rural regions follow the same trend both nationally and at the European Union level.
This indicator is basic and serves as a base and information on whether the population in these
areas is experiencing difficulties compared to the rest of the country. From Figure 1,
it can be seen that there is a steady trend of an increase in the average salary,
and in the Razgrad region, for the considered period of 7 years, a 100% increase is observed.
The tendency in the regions of Vidin, Silistra and Smolyan to maintain an average salary
close to the average for Bulgaria is negative.

Figure 1. Average annual salary of persons employed in employment and service legal relationship (BGN)
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Source: National Statistical Institute, Regional statistics, Bulgaria

Similar results are observed there during the considered period, and on this criterion, in 2015
a difference of about 30-34% lower average salary is observed, and at the end of the period
lower average values of about 30-32% are observed. The Sofia region has the best results
of all regions and at the end of the considered period the difference is only about 5%
of the average for the country with equal values at the beginning. The average values
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for the seven typically rural areas at the end of the considered period are about 22% lower
than the average for the country and no big difference is observed compared to the beginning
of the period. Also, Bulgaria's typically rural areas lag drastically behind those in the EU,
with the average values for the seven areas being almost twice as low as those in European
countries.

For greater interest and increase of human capital in typically rural areas in Bulgaria,
it is necessary to have access and conditions for attracting a population with higher education,
which in turn affects the other social indicators. In the considered regions, a lower share
of the population in the 25-64 age group with higher education is observed compared
to the national average.

Analyzing the data from Figure 2, we must note the decline in this indicator in two
of the considered regions (Vidin and Sofia region). If we compare the beginning
and the end of the research period, a decrease in the population with higher education of 1.7%
and 4.4% respectively is observed. This trend can be explained for the Sofia region
by its proximity to the capital, where the opportunities for development and higher pay are
better, and thus for the seven-year period there is a decrease in the share of graduates.
For the Vidin region, on the one hand, we have an aging population, without a high
distribution rate, and on the other hand, as the poorest region, it is normal for the population
with higher education to look for opportunities in more developed regions.

Figure 2. Relative share of the population aged between 25 and 64 with higher education (%)
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For the rest of the regions, we have an increase in the share of the population with higher
education, with the biggest difference being in Kardjali region - 7%, followed by Silistra
(6.2%), Smolyan (3.3%), Razgrad (2.4%) and Targovishte (2.1%). Unfortunately, the average
share of college graduates in rural areas rose by only 2 percent over the 7-year period and lags
nearly 10 percent behind the national average.
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Figure 3. Doctors in medical and health facilities as of 31.12. per 10,000 population (number)
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To retain and even increase human capital in typically rural regions, it is not enough to have
a high average salary or better access to education, but suitable living conditions are also
required. Basic public services such as health and education must be expanded. In this regard,
when comparing the data for doctors in medical facilities in typically rural areas per 10,000
people of the population, it is evident that in typically rural areas there are on average about
30 doctors, while this figure for the country is about 43 in 2021, i.e. the attractiveness
of typically rural areas declines with the more limited access to health care.

The data by regions show the biggest drop in Kardjali and Silistra, and the most stable results
in terms of this indicator are observed in Vidin and Sofia regions, which are close to about
10% of the national average.

The employment rate in typically rural areas in Bulgaria shows that only in the Sofia region
we have a significant increase for the period under review of 16%, and in 2021 it is the only
region with an employment rate above the national average, exceeding it by about 7%.

All other typically rural areas are below the national average, with Kardjali region being
the closest, at only 0.2%. For some regions with lower values a negative trend is observed
at the end of the considered period compared to its beginning - Vidin and Razgrad with about
a 1% difference.
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Figure 4. Employment rate - 15 - 64 completed years (%)
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Excluding Kardjali, the greatest growth in employment was observed in Silistra region
with a positive difference of 6.6% and Targovishte with a 4.1% increase.

The average value of the employment rate in typically rural areas remains lower than
the average for the country, and the difference deepens, whereas at the end of the considered

period it is greater compared to the beginning in 2015.

Figure 5. Unemployment rate 15 — 64 years of age (%)
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The data in Figure 5 show large differences both between typically rural areas and between
the seven area averages and the national rate. The national statistics lack data for Kardjali
and Sofia region. However, the remaining rural areas are indicative of the unemployment rate.

Vidin region has the highest unemployment rate, reaching 16.1% in 2021, which is three
times more than the average value for Bulgaria (5.3%). The data for Silistra is similar,
with a 14.5% unemployment rate, but on the other hand, there is also great progress
in a positive aspect, with a reduction in unemployment of 7.3%. Regarding this change,
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the biggest margin is observed in Smolyan region, where in 2015 the unemployment rate
is 17.2%, falling to 9% in 2021.

The only region that has a negative growth is Targovishte, where the unemployment rate
increases from 8.8% (2015) to 10.4% (2021).

Despite positive trends in most typically rural areas, averages are more than double
the national average.

Research and development spending in predominantly rural areas is indicative of the potential
and opportunities for upskilling and investment in innovation and new technologies.
Unfortunately, there is a decline in this indicator for Vidin and Kardjali regions, while
in the others there is even a slight increase. However, the average values are much lower than
those for Bulgaria and on average for the seven typically rural regions we have R&D
spending 8.37 times lower than the national average at the end of the period under review,
while at the beginning of the period, in 2015, this difference was 6.47 times. This speaks
of a rather large difference and to some extent reluctance to invest in R&D.

Table 1. Costs for scientific research and development (R&D) - thousand BGN

2015 2016 2017 2018 2019 2020 2021
Vidin 490 1 025 487 692 846 334 229
Razgrad no data | nodata | nodata | nodata | nodata | nodata | nodata
Silistra 613 nodata | nodata | nodata | nodata | nodata | no data
Targovishte no data | nodata | 235 201 224 249 no data
Smolyan 1578 1292 no data | nodata | nodata | 708 2171
Kardjali no data | 3 168 no data | nodata | nodata | 2757 no data
Sofia Region 16 100 | 9 668 9429 9028 7528 9 345 11 346
Average for the 7|4 695 3788 3384 3307 2 866 2679 4582
RA
Average for Bulgaria | 30373 | 26224 |27 151 |29604 |35790 |36564 | 38357

Source: National Statistical Institute, Regional statistics, Bulgaria

The opportunities to attract a greater share of human capital in R&D is in turn important
for the higher potential of innovations and offering innovative solutions in typically rural
areas. Table 2 shows that for all typically rural areas there is a peak in the number of R&D
personnel in the middle of the considered period. In Vidin, there is a significant decline, more
than twice as few personnel works in this area at the end of the considered period (2021).
The only more stable region, without major changes in the staff employed in R&D,
is the Sofia region with almost constant data and an increase in staff to 386 people in 2021.
On the other hand, if we look at the data from a national perspective, ten times lower average
values are observed of personnel employed in R&D at the end of the period, while
this difference was 12 times at the beginning of the period in 2015.
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Table 2. Personnel engaged in scientific research and development (R&D) — number

2015 2016 2017 2018 | 2019 2020 2021
Vidin 48 51 24 57 43 25 23
Razgrad 21 no data | 24 33 30 39 38
Silistra 40 no data | 48 42 83 81 51
Targovishte nodata | nodata | 15 24 no data | 12 no data
Smolyan 71 86 no data | 263 218 214 180
Kardjali 3 24 no data | 27 56 43 40
Sofia Region 343 425 369 447 309 396 386
Average for the 7RA | 88 147 96 128 123 116 120
Average for Bulgaria | 1057 1154 1115 1236 | 1250 1253 1236

Source: National Statistical Institute, Regional statistics, Bulgaria

4. Conclusion
The following conclusions can be summarized from this analysis:

- Employment rate is slightly lower or similar the average for Bulgaria, but still
satisfactory, considering the level of unemployment rates in these areas.
Without sufficient human capital and a high average age of the population
inhabiting these regions, it is natural to observe high values of unemployment
and an outflow of young people looking for work and opportunities in neighboring
larger areas.

- The average salary in the seven typically rural regions in Bulgaria is below
the national average with 22%, which additionally affects the share of graduates
and given the low remuneration, the population with higher education seeks
realization in areas with better social conditions and wages;

- Doctors per capita in rural areas are significantly less than the national average,
which is a negative indicator from the point of view of attractiveness to typically
rural regions and their prosperity. The lack of access to health care makes the areas
undesirable for young families to establish and settle there;

- Total R&D employment and innovation costs are decreasing in typically rural areas.
This does not allow the local population to fully participate in the development
of innovations in certain areas.

In conclusion, we can say that typical rural areas in Bulgaria lag behind the average national
levels in various indicators: R&D, employment rate, unemployment, etc. In the last two years
of the research period, the effect of the pandemic at the global level was also observed,
which changed migration processes and the distribution of resources in rural areas.
Investments in innovation are less and staff employed are also decreasing, indicating
stagnation in insufficient power to handle and cover such force majeure situations.

The solution for making the typical rural areas more attractive is to provide more services
with higher level of digitalization in sectors that are currently lagging compared to same type
regions in EU. Living conditions in rural areas should be improved, and thus jobs will
increase, there will be an improvement in average wages and other indicators.
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A good prospect for further research is to track and analyze accurate data on migration
processes in the period 2019-2023 in rural areas to see if there is connection with global
processes and if this affects human capital and potential in typical rural areas.
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Annotation: Food consumption is a necessary condition for human existence itself, and the role
of the agrarian sector has an irreplaceable role in the national economy of all countries
of the world. In this context, the last few decades have witnessed a growing interest in the quality
of food and efforts to make the market more transparent so that consumers can make informed
purchasing decisions. An educated consumer is a "person of tomorrow", and the acquired
knowledge will enable him to cope better in the complex everyday reality. Higher education,
which is oriented towards the education of experts for agricultural and food practice, must
therefore reflect the current problems of the agrarian sector. The aim of the article is to evaluate
the orientation of university students of a selected university in the field of food labeling and to
reveal their consumer preferences in terms of the monitored issue. The data for the primary
research was obtained through quantitative research using a questionnaire survey method in
electronic form. The implementation was carried out in the autumn months of 2022. The total
number of respondents was 328 university students aged 18-26 years. The results show that
the respondents very often confuse the designations of the PDO and PGI labels and do not have
aclear understanding of exactly what each of the brands expresses and which products
it represents on the food market. The students showed better knowledge in the context
of the Regional food label and also in relation to products certified as organic. The majority
of respondents identified price as the most important factor when buying food. The results indicate
the interest of university students in the issue of food labeling. Acceptance of this fact can thus
become a competitive advantage for companies operating in the food market.

Key words: Consumer, education, food, food labeling, preferences

JEL classification: L66, F10

1. Introduction

Consumption of food is a necessary condition for the very existence of man. Since the beginning
of mankind, food production has been a mean for mankind’s satiation and survival. This is why
for many centuries the agrarian sector was the dominant economic sector, whose prosperity
determined the level of the rest of the economy of a country or a continent (Corvo, 2016; Coff, 2006).
For a long time, it was primarily the quantity of production that was important, ensuring sufficient
energy content of food. However, the rapid technological developments and the dynamics
of economic, political and social change in recent decades have significantly changed people’s
lifestyle and dietary perceptions. (Chhabra et al., 2021; Capone et al., 2014). Consumers are
increasingly interested in a balanced and healthy diet. Their demands for information accuracy, food
safety and quality are also increasing (Bandara et al., 2016). Increasing consumer motivation
in the context of health care is a prerequisite for improving the population’s dietary habits (Van Loo
et al., 2017). Diet and nutrition have an individual and societal dimension, as they play a fundamental
role in the daily life of each individual and influence the quality of life and thus the health
of the population as a whole (Wahl et al., 2018).
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The wide range of food products on the market places considerable demands on consumers in deciding
which product to purchase, as they have only limited financial resources to spend in their real lives.
One of the tools to facilitate this decision-making process is food labelling. Food labelling can be seen
as a means of differentiating the quality of food products, enabling consumers to make informed
purchasing decisions (Grunert a Aachmann, 2016). Certification as a tool for product differentiation
declares meeting of higher standards and offers consumers an alternative purchasing option
to the standard one (Wang et al., 2020). Food labelling is a widely used dynamic system
that is constantly evolving and expanding (Shangguan et al. 2019).

Within the European area, food labelling captures a great deal of interest and is also enshrined in EU
legislation. (Glogovetan et al., 2022; Cheftel, 2006). Ipsos (2013) conducted a web-based survey
of food labelling schemes in use in EU Member States, Iceland and Norway. The total number
of programmes identified was 901, 78% of which were certifications, i.e. programmes where third
parties are expected to be involved. The highest number of schemes was recorded in Spain (20%)
and Germany (12.5%). In third place was a group of four countries - Italy, the Czech Republic, France
and Portugal - where the number of identified food labelling schemes ranged from 5.9% to 7.8%.
The main schemes adopted by the European Commission under the European Union's food quality
policy are Protected Designation of Origin, Protected Geographical Indication and Traditional
Speciality Guaranteed. The purpose of these designations is to protect against misuse and imitation
and to promote diversity in agricultural production (Grunert and Aachmann, 2016).

Recently, a growing number of studies have investigated the impact of food labelling on consumer
behaviour (Shangguan et al., 2019). The decision to purchase a product is very closely linked
to the perception of the value of the product in the consumer's mind. Food labelling can therefore
be seen as one of the most important factors influencing this decision-making when coupled
with confidence in the accuracy and comprehensiveness of the information (Bandara et al., 2016).
Temple and Fraser (2014) highlight the importance of choosing an appropriate labelling format so that
logos communicate with consumers in a way that is easy to understand, conveys all the necessary
information and enables them to make informed choices about the quality of food and the health
aspects of their consumption. Soedeberg Miller and Cassady (2015) emphasize the role of prior
knowledge for informed consumer purchasing decisions.

The process of cognitive learning enables the customer to effectively use the information provided
on product labels, to distinguish their importance and to understand them (Soedeberg Miller
and Cassady, 2015). Education today cannot be understood as a closed process, but as a continuous
process over time, as our whole society is currently developing in the field of knowledge
and technology (Kukulska-Hulme, 2012). An educated consumer is the man of tomorrow
and the knowledge gained will enable him to better cope with the complex everyday reality. Higher
education, which is oriented towards the education of professionals for agricultural and food industry,
must therefore reflect the current problems of the agricultural sector. In higher education,
environmental education is an important tool in shaping students' personal identity (Payne, 2010)
and plays a significant role in shaping attitudes towards sustainable consumption (Zsoka et al., 2013).

The aim of the paper is to evaluate the orientation of university students of a selected university
in the field of food labelling and to reveal their consumer preferences in light of the present’s study
topic.

The present article consists of several logically interconnected parts. In the Introduction chapter,
the theoretical framework of the problem is set out. The Materials and Methods chapter describes
the methods used and characterizes the sample of respondents to the survey. The Results
and Discussion chapter presents the resulting findings, which are confronted with other research
and scientific articles. The Conclusion chapter summarizes the main results and suggests limitations
of the paper along with possible directions for further research.
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2. Materials and Methods

The theoretical framework of the paper was developed on the basis of the study of secondary sources;
i.e., scientific articles and literature through the method of document examination, taking into account
the criteria of their cognitive value according to Hendl (2015). Further up-to-date information has been
obtained from relevant official internet sources. Basic statistical methods and descriptions were used
for self-reporting and results.

The actual data was obtained through quantitative primary research, which was conducted using
a questionnaire survey, which took place in the winter semester of the 2022/23 school year,
specifically in the fall of 2022. The target group was full-time university students of a selected
educational institution - the Faculty of Economics and Management of the Czech University of Life
Sciences in Prague. Respondents were aged 18-26, which is the period when young people
in the Czech Republic are studying at university and completing their education. The total number
of respondents was 328 (n = 328), of which 64.3% (211) were female and 35.7% (117) were male.
The predominance of women in the overall sample of survey participants is consistent with the fact
that the selected university also has a predominantly female student population (Beranovd, 2019).
In terms of degree level, more than half (53.7%, 176) of the survey participants were studying
at the Bachelor's level, and 46.3% (152) were studying at the Master's level. The majority
of respondents indicated the capital city of Prague as their place of residence 61.9% (203), followed
by the Central Bohemian Region 23.8% (78). Other regions were represented by lower numbers.

Statistical Means for Analysis

The contingency table is used to clearly display the relationships between two statistical variables.
The type of contingency table is determined by the number of rows r and the number of columns s,
that is, r x s (Hindls et al., 2007). y?is a measurement of the overall dissimilarity of n;j and m; -

The greater the difference between the observed and expected values, the higher the test statistic 2.

my =—— (D

n

. — (frequency observed; — frequency expected;)? )
= frequency expected;

X = zr: i(nu —myy)” fmy;

i=1j=1 (3)

i=1

i and j are row and column indices, n; are observed marginal frequencies, n; and n; are marginal totals
by rows and columns, n is grand total of observations, m; are expected frequencies. The x? value
is compared to the critical value x? with a chi-square distribution of (r-1)(s-1) degrees of freedom
at selected level of significance. The null hypothesis is rejected if x? value is greater than the table
value. A completely equivalent expression of the test is a comparison of the p-value, obtained
from the calculated statistics, with the value (1 - selected level of probability). This test is
asymptotically valid and therefore can only be used when a sufficient number of observations are
available. All expected values should be greater than one (Hendl, 2015), while the table should not
contain more than 20% of the theoretical frequencies of occurrence (frequencies) less than 5. If null
values occur in any of the fields, we proceed to analyze the derived table created by merging a small
number of categories (Hendl, 2015; Howell, 2011).
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Cramér's V was used to determine the degree of association between variables (Blaikie, 2003).

¥
V= <n(min(r, s)— 1)) 4)

The null hypotheses for research are summarized in the following table (Table 1.).

Table 1. Summary of established hypotheses

No. of .
Hypothesis Text of Hypothesis
HO1 Interest in labels on food packaging does not depend on the gender of the respondent.
HO02 Interest in labels on food packaging does not depend on the respondent's level of study.

Source: Own research, 2022

The following abbreviations have been used in the article: PDO = Protected Designation
of Origin, PGI = Protected Geographical Indication, EU = European Union,
TSG = Traditional Speciality Guaranteed.

3. Results and Discussion

Approximately three-quarters (75.3%, 247) of the total number of participating (n = 328) university
students stated that they were somewhat concerned about the labels on food packages
when purchasing food. Less than one quarter (23.8%, 78) of the respondents expressed a great interest
in the issue, and 51.5% (169) of the respondents chose the answer "I am rather interested".
Approximately 25% (81) of the respondents declared their disinterest in this labelling.
Within the group of people responding in this way, 17.4% (57) chose the answer "rather not
interested" and 7.3% (24) "not at all interested". For this question, the answers of the respondents were
examined in more detail in relation to their gender and the degree of study. The results of the stated
null hypotheses are presented in the following tables (Table 2 and 3).

Table 2. Interest in labelling on food packaging depending on the gender of the respondent

Gender/Answers .I’m very I.'m rather Irather don't | Idon't care Total
interested interested care at all
Male 19 55 24 19 117
Female 59 114 33 5 211
Total 78 169 57 24 328
Percentage
Male 16.2 47.0 20.5 16.2 100.0%
Female 28.0 54.0 15.6 24 100.0%
Total 23.8 51.5 17.4 7.3 100.0%

Source: Own research, 2022

The %2 statistic value of 25.89 is higher than the critical value of 7.81 by three degrees
of freedom at the 0.95 significance level. Therefore, the null hypothesis can be rejected.
Therefore, whether a respondent is concerned about labelling on food packaging when buying
food depends on his/her gender. The dependence, measured by Cramer's V, is moderate
(V = 0.28). The differences between the observed and expected frequencies suggest
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that women show a higher interest in the issue at hand in this case. A full 82% (173)
of the total number of female respondents (n = 211) showed interest in labelling on food
packaging when purchasing food. Within this question, 28% (59) of women expressed a great
interest and 54% (114) declared a rather great interest in the issue. Men chose affirmative
responses in only 63.2% (74) of the total 117. 16.2% (19) of them chose the answer "very
interested" and 47% (55) stated rather interested.

Table 3. Interest in labelling on food packaging depending on the respondent's level of study

Level of I'm very I'm rather I rather don't | Idon't care Total
Study/Answers interested interested care at all
Bachelor’s degree 39 87 32 138 176
Master’s degree 39 82 25 6 152
Total 78 169 57 24 328
Bachelor degree
Bachelor’s degree 222 49.4 18.2 10.2 100.0%
Master’s degree 25.7 53.9 16.4 3.9 100.0%
Total 23.8 51.5 17.4 7.3 100.0%

Source: Own research, 2022

The calculated value of the y2 statistic of 5.28 is less than the critical value of the y2
distribution (7.81) by three degrees of freedom at the 0.95 significance level. Therefore,
the null hypothesis cannot be rejected. We could not show a relationship between the level
of study in which the respondent is studying and his/her interest in labelling on food
packaging when purchasing food. A slight preponderance of total positive responses (79.9%)
can be observed for undergraduate students studying at Master's level compared
to respondents studying at Bachelor's level (71.6%).

Respondents who indicated that they were interested in some form of food labelling (n = 247)
were presented with an overview of individual products offered in retail in the Czech
Republic with the selected label (organic food, PDO, PGI, Traditional Speciality Guaranteed
and Regional Food) in the following questions.

Respondents were asked to assign the correct label to each product group. The best ranked
label was Regional Food, which was correctly assigned by more than a third of respondents
(35.2%, 87) of the total number of respondents to this question (n = 247). Products from this
group were most often confused with products labelled Traditional Speciality Guaranteed,
at 21.9% (54). Less than a quarter (23.5%, 58) correctly identified the Protected Designation
of Origin (PDO) based on a review of specific products. Almost a third of respondents
(31.6%, 78) thought that the products mentioned carried the designation Regional Food.
Similar results were seen for the Protected Geographical Indication (PGI) label, which was
chosen correctly by 24.7% (61) of respondents. In the case of the PGI label, respondents most
often confused this label with products sold under the Traditional Speciality Guaranteed label
(27.5%, 68).

These results suggest that respondents do not know which products have which labels and are
able to confuse them very often. This situation is likely to arise mainly in connection
with the place names of the products, which obviously creates complications for consumers.
On the basis of the above, the complexity of the issue of food labelling from a regional point
of view can be noted. Annunziata et al. (2019), based on their survey of young people aged
18-26 years, also found low levels of understanding of food labelling among this group,
with the exception of organic labelling.
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In the next part of the questionnaire survey, respondents (n = 328) were informed about how
the selected food labels (Organic Food, Protected Designation of Origin, Protected
Geographical Indication and Regional Food) are defined. In this context, students were asked
to indicate what characteristics they attributed to each label. The spectrum of respondents'
views is summarised in Table 4 below.

Table 4. Characteristics attributed by respondents to individual food labels

Property/label Organic Food PDO PGI R;g(:zgal

Health benefits 69.5% (228) 13.7% (45) 11.6 (38) 12.5 (41)
Nutritional properties 46.3% (152) 16.5% (54) 13.4 (44) 14.6 (48)
Quality and safety 51.5% (169) 40.2% (132) 29.6 (97) 20.4 (67)
Considers production conditions 43.9% (144) 20.7 (68) 22.3 (73) 11.3 (37)
Support for local producers 9.5% (31) 44.5 (146) 43.3 (142) 58.5(192)
Taste 18.9% (62) 15.5(51) 12.5 (41) 16.5 (54)

Good accessibility 11.3% (37) 12.8 (42) 11.6 (38) 34.5 (113)

Link to the region 6.4% (21) 29.3 (96) 37.2 (122) 71.3 (234)

Source: Own research, 2022

The results show a high level of confidence in organic certification among students, as 70%
(69.5%, 228) of the respondents attribute the health benefits to it. Approximately half
of the participants expressed an assumption of quality and safety of such labelled foods
(51.5%, 169), and 46.3% (152) of the respondents assumed good nutritional properties.
The PDO and PGI labels were almost identical in terms of the students' beliefs about
the characteristics of the labelled foods, as can be seen in Table 4. The results indicate higher
beliefs about quality and safety for PDO (40.2%, 132) than for PGI (29.6%, 97).
For Protected Designation of Origin, respondents anticipate a stronger link to the region
in just under 40% (37.2%, 122).

For the Regional Food label, respondents most often expect a good link with the region
(71.3%, 234) and support of local producers (58.5%, 192). Approximately one-third
(34.5%, 113) of people expect good accessibility in the context of this designation.

Furthermore, preferences in terms of the origin of the food purchased by the respondents were
surveyed. More than four-fifths of the students (81.7%, 268) of the total number
of respondents (n = 328) stated that they prefer food of domestic origin to foreign production.
This information demonstrates young consumers' confidence in the quality of domestic food
and gives an optimistic outlook for future developments for Czech producers and traders
within the agri-food sector.

In terms of the final food purchase decision, respondents cited the price of the product
as the most important factor, with nearly 70% (68.3%, 224) of the total number of college
students (n = 328) choosing this factor. The second most common factor chosen
by respondents was the perceived enjoyment associated with consuming the product (42.4%,
139). Other factors also cited by respondents included health aspects (34.1%, 112) and food
composition (29.9%, 98). Price as a factor influencing food purchase decisions has been
the subject of much research (Chilla et al., 2020, Tam et al., 2017, Rubio et al., 2014).
Molinillo et al. (2020), based on their research on the buying habits of young millennials
for organic food, link the willingness to pay a higher price for these products to interest
in healthy lifestyles and social consciousness. Araya et al (2022) highlight the importance
of consumer belonging to a specific socioeconomic group in the context of purchasing
labelled foods.

183



Wahl et al. (2018) state the importance of sensory attributes of food, as sensory experiences
play an important role in the choice of food purchased. Sadilek (2019) considers price, origin
and appearance as the most important factors for Czech consumers when buying food.
In the context of the price and willingness to pay factor for certified products, Vecchio
and Annunziata (2011) report that consumers who show a deep knowledge of PDO food
labelling showed a significantly higher willingness to pay more for a product so labelled.

Vlaeminck et al. (2014) consider clear, standardised and easy to interpret food labels
as an effective tool to promote organic consumption and sustainability. This is also confirmed
by Besler et al. (2012), who believes that the main barriers to the use of food labelling
are the lack of understanding of concepts and symbols and ambiguity in the presentation
of information.

Arena et al. (2015) highlights current health problems in the developed world stemming
from poor lifestyle habits, including poor nutrition, rising obesity rates and physical inactivity.
The authors see prevention and opportunities for improvement in this area in the widespread
promotion of healthy lifestyles. As part of the general process of consumer education,
emphasis should be placed on individuals acquiring the skills to act responsibly
with themselves and others in terms of nutrition and consumption (Wahl et al., 2018).
Changes in consumer behaviour in the context of their attitudes towards the environment can
be achieved by raising public awareness. This is a process based on long-term and continuous
influence on individuals from a young age through the educational process (UNEP, 2018).

Cha et al. (2014) investigated the associations between health literacy, diet quality and food
label use among young adults aged 18-29 years. Based on their research, the authors find
a direct association between health literacy levels and food label use. The strong interest
of university students in sustainability issues in food consumption is also confirmed
by Kamenidou et al. (2019). Sogari et al. (2018) emphasize the role of universities
in intervening in healthy eating, as this period is very important for young people to form
lifelong healthy habits. Kukulska-Hulme (2012) emphasises the importance of the role
of the university teacher as a person who should be a professional role model for young
people. She further states that not only students but also university teachers have to educate
themselves throughout their professional life in the context of changing current conditions
of the external environment and new technologies brought by everyday practice. Sadilek
(2019) highlights the need to expand and increase the intensity of promotional and
communication activities in the Czech Republic in order to increase consumer preferences in
favour of food quality labelling.

4. Conclusion

The results show that approximately three quarters of university students show some form
of interest in the labelling of the food they purchase. Respondents very often confuse PDO
and PGI labels and are not clear about exactly what each label represents and which products
it represents on the food market in the Czech Republic. Students showed better knowledge
in the context of the Regional Food label and in relation to products certified as organic. Most
respondents identified price as the most important factor when buying food, followed
by the anticipated enjoyment of the food. Knowledge of the composition of food
and its suitability for human health was perceived as important by about a third
of respondents. The results indicate that young university students are interested in the issue
of food labelling.

The theoretical contribution of the paper is a review of the literature review of the problem.
The practical contribution of the paper is the presentation of the results of the evaluation
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of the orientation of university students of the selected university in the field of food labelling.
In terms of further possible research direction, a comparison with other fields of study
according to their professional orientation is considered.
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Annotation: Indigenous people all over the world have a deep knowledge and connection
with environment and organic agricultural practices, to care food and health. Some Indigenous
Amazonian families have reported until 886 uses from 107 cultivated species in their garden’s
systems called chacras or collected in their forest. A manner to reinforce their ancestral knowledge
and sustainable practices is through laboratory analyses to confirm functional properties in species
for food and health. With this aim, we study polyphenolic and total antioxidant activities effects
into Amazonian plants for health and nutrition, that have importance for Indigenous communities.
Firstly, we participated in workshops and interviewed Achuar and Kickwa Indigenous families
to select promising species that are susceptible to value addition and are associated with functional
food; we choose five species to analyses: Psidium guajava (guayaba), Maytenus macrocarpa
(chuchuhuaso), Theobroma cacao (cocoa), Allium ursinum (ajo silvestre) and Ilex guayusa
(guayusa). Then, we collected leaves and barks -for the laboratory studies-at the Experimental
Centre for Research and Production in the Amazon (CEIPA); the species were identified
in the Amazonian Herbarium of Ecuador (ECUAMZ). Secondly, we studied plants’ contents
in Universidad Estatal Amazonica’s laboratory. The hydroalcoholic extracts were made
with the ultrasound assisted extraction method. Folin Ciocalteu technique was used to determine
the content of total phenolic compounds. Antioxidant activity was determined by FRAP (Ferric ion
reducing antioxidant power) and ABTS (2,2-azinobis(3-ethylbenzthiazoline)-6-sulfonic acid);
it was based on the ability of an antioxidant to stabilize the ABTS colored cation radical.
The highest levels (p<0.05) of polyphenols were observed in guayaba leaves, cocoa seeds
and chuchuhuaso bark. In the remaining materials studied the polyphenol contents was minor
than in the Chilean red wine taken as reference. In all cases antioxidant activity is related
to polyphenolic activity; guayaba leaves and cacao seeds are higher (p<0.05) in antioxidant
activities. The state university, together with other universities in Ecuador, is working with these
species used by local populations, and should increase the exploration of secondary metabolites
sources for the pharmaceutical, cosmetic and functional food sectors, involving the interest
of Indigenous students to develop local uses and economies.

Key words: Antioxidants, beneficial species, UEA results, ethnobotany

JEL classification: 112, 114, 115, 123, 125, I31

1. Introduction

According to World Health Organization, a high percentage of the world's population,
especially in developing countries, uses traditional herbal treatments for their primary health
care needs (Nélida et al., 2020), the current social situation shows encouraging signs
in the field of acceptance of herbal medicine as complementary medicine with a renewed
global interest in studying the effects that plants have on health (Lima et al., 2019). However,
in many countries, traditional knowledge on the use of medicinal and food plants has been
largely lost; moreover, their availability has been reduced by the degradation of natural
environments, especially in the tropical region (Pete et al. 2020). Ethnobotanical research can
therefore help to prevent the loss of knowledge and simultaneously protect biodiversity
(Bermudez et al., 2005).
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The Amazon rainforest is home to around 30 000 plant species, many of them are food
and medicinal plants; although indigenous peoples, throughout their history, have a great
diversity in their cultural ecosystems, the current trend is to replace the use of many of these
foods with industrialized products that circulate through market networks (Rivas et al., 2010).
Indigenous peoples' traditional food systems contain a wealth of information on food species
that can be used for human nutrition (Kuhnlei, 2006). The Ecuadorian Amazon Region (RAE)
represents one of the most biodiverse areas on the planet and is a source of secondary
metabolites for the pharmaceutical, cosmetics and functional foods sectors (Radice et al.,
2017).

With this background, it is necessary to promote all the knowledge about Amazonian plants
of ancestral use that are beneficial for health and food, as well as to work on research
to determine the bioactive principles of interest in laboratories in the universities
in this region. This is a manner in what universities and local communities may work together
for local development.

The rescue of ancestral knowledge about the benefits of plants in food and health allows
for natural foods and drugs to replace chemical elements that are harmful to health
(Priyamvada et al., 2022). Synthetic medicines have a negative impact on the environment
(Moreno et al., 2013). The use of diversified indigenous farming systems in biodiverse farms
is a priority to produce organic foods that are beneficial to health (Arias et al., 2016).

Consequently, the first objective, is to select Amazonian plants that are important to Achuar
and Kichwa communities living far from cities; plants are promising species susceptible
to value addition, associated with functional food, and recently were used against Covid-19
during the pandemic. The second objective is to determine polyphenolic and antioxidant
activity in these plants, that indicate possible health benefits. Both objectives contribute
to long term perspective for local development to support rural Indigenous families
in Amazon region.

2. Materials and Methods

The study implies six Kichwa communities located near western portion’s Andean foothill,
and Charapacocha, an Achuar community located in Amazonian lowland, near Easter
Peruvian’ frontier, all in Pastaza province, in the central part of the Ecuadorian Amazonia
(Figure 1); altitudinal ranges goes between 1200-340 meters over sea level; pluviosity ranges
from 6000-4000 mm per year in the upper portion to 2500 mm in Charapacocha; temperature
varies between 18-24 °C in the upper zone to 24-26 °C in Charapacocha; relative humidity
ranges from 80 to 90%; the climate is megathermal rainy; the low zone is catalogued like
Amazonian lowland forest vegetation formation; the upper zone corresponds to Piemontane
evergreen forest, montane cloud forest and montane evergreen forest of the Eastern Andes
vegetation formation.
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Figure 1. Communities and Indigenous territories in study, Pastaza province-Ecuador
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Source: Field data and https://www.raisg.org/es/mapas/

To the first objective, selecting Amazonian plants that are important to Achuar and Kichwa
communities living far from cities, we use qualitative analysis. With participatory observation
we share with Indigenous families into two workshops, one held at Charapacocha’s achuar
Indigenous community, and other held in the Experimental Centre for Research
and Production in the Amazon (CEIPA), the State Amazonian University (Universidad Estatal
Amazoénica (UEA)’ research center, that also has different species collected in the Amazonian
Herbarium of Ecuador (ECUAMZ). Both workshops discussed local development
perspectives and established necessary relationship between people in rural areas
with universities in the territory, to promote socio-economic advances.

Starting with the Indigenous testimony about ancestral plants, biodiversity and community
aspiration related in workshops, we applied semi-structured interviews to five heads
of families and community leaders, both Achuar and Kichwa. They provided information
about food culture, diet, cultural acceptance, collection, and production in the jungle
and in the cycle of the Amazonian agro-biodiversity system, sales to market, main promising
species susceptible to value addition, association with functional food, health and whether
species are or not used against Covid-19 during the pandemic. We show a part of the results
in this paper. Then, a literature reviewed was made and five species were chosen
for laboratory analyses.

For the second objective, for the laboratory studies, the selected species’ leaves and barks
were collected at the Experimental Centre for Research and Production in the Amazon
and identified in the Amazonian Herbarium of Ecuador (ECUAMZ). The plant material was
washed with potable water and prepared according to the methodology of Azwanida (2015).

Obtaining extracts.

The extracts of the selected plants were obtained using the ultrasound assisted extraction-
UAE method (Branson Ultrasonics, USA). For the extraction, an ethanol: water mixture was
used in a 9:1 ratio, with a ratio of 400 mL of solvent per 50 g of powdered sample (Ance et al.
2022).
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Determination of total phenolic compounds and antioxidant activity.

To determine the content of total phenolic compounds, the technique of Proestos
and Varzakas (2017) was used. Antioxidant activity was determined by FRAP (Ferric
ion reducing antioxidant power) and ABTS (2,2-azinobis(3-ethylbenzthiazoline)-6-sulphonic
acid); it was based on the ability of an antioxidant to stabilize the colored cation radical ABTS
(Re et al, 1999).

3. Results and Discussion

Indigenous peoples and rural communities have a tradition of food sufficiency based
on their relationship with nature, their own cultivable resources in biodiverse farms and those
of stationary collection in the forest. Workshops revels families with a deep knowledge about
small agricultural practices; they report until 886 uses over 336 vegetable species collected
from jungle or from their subsistence cultivated spaces called chakras (IQBSS, 2013),
however the principal species consumed are yucca (Manihot sculenta) and banana (Musa
spp.), so, major contents in carbohydrates. Table 1 summarize the results of semi structured
interviews conducted with head family’s members. It shows the main products that
the families obtain from the jungle and the Amazonian diversified gardens called chakras.

Table 1. Important plants for Achuar and Kichwa Indigenous communities, obtained from chakras or jungle

Family Most collected plants from the Most consumed plants Main uses
numbered jungle, (common name) produced in the chakra, Food Health
(common name)
1 Chontaduro, palm heart, wild Yucca, banana, maize, cocoa,
mushrooms, guayusa, guayaba, | chinese potato, beans, peanuts, X X
chuchuhuaso, ajo wild grapes, achiote
2 Wild aniseed, chontaduro, palm | Yucca, banana, maize, chinese
heart, wild mushrooms, potato, beans, peanuts, cocoa,
chuchuhuaso, Ayahuasca, guayaba, guayusa, wild grapes, X X
ishpingu, sacha inchi, cat's claw, peanuts, guabas, aji
ajo.
3 Chontaduro, palm heart, Yucca, banana, maize, chinese
guayusa, guava, chuchuhuazo, potato, beans, peanuts,
ayahuasca, cat's claw, ajo guayaba, wild grapes, peanuts, X X
oranges, cocoa.
4 Chontaduro, palm heart, wild Yucca, banana, maize, chinese
mushrooms, chuchuhuazo white potato, beans, peanuts, wild X X
cocoa, ishpingu, paparahua, ajo, grapes, sugar cane, guayaba,
guayusa, wantuk, shiwa barbasco.
5 Wild garlic, chuchuhuazo, Cassava, banana, maize,
guayusa, guaba, sacha inchi, chinese potato, peanuts, beans, X X
cat's claw, shiwa. wild grapes, guayaba, cocoa.

Source: Interviews to Achuar and Kichwa families, April 11"/2023

Considering the declarations in the workshops and interviews, a selection and review
of the specialized literature was carried out, with some promising plants previously reported.
Table 2 shows food plants with functional, medicinal, flavoring, cosmetic, ritual, and toxic
values selected from the workshops and families’ interviews.
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Table 2. Selected useful plants according to workshops, interviews, and results in the reviewed literature

Common name

Scientific name

Ancestral uses

Reference

Achiote Bixa orellana Food colouring. Use in burns Lourido & Martinez (2010)
Aji Capsicum sp Spicy seasoning. Antimicrobial | Colivet et al. (2010)
Ajo silvestre. Allium ursinum Flavouring, antioxidant, | Nemanja et al. (2020)
antiproliferative
Anfs silvestre Tagetes filifolia Lag | Flavouring agent, bioinsecticide | Camarillo et al. (2009)
Ayahuasca Banisteriopsis Contact with the spirit world by | Rojas (2014)
caapi shamans
Barbasco Lonchocarpus utilis | Toxic to fish Marinos et al. (2004)
Cacao Theobroma cacao | Antioxidant, food, beverage Ramirez et al. (2013)
Chontaduro Bactris gasipaes Oil, soap, food and feed Guedes et al. (2015)
Chuchuhuaso Maytenus Rheumatism Milan et al. (2019)
macrocarpa
Guayaba Psidium guajava Antioxidant, vitamin, | Campos et al. (2021)
antidiarrheal
Guayusa llex guayusa Antioxidant, vitamin, | Gamboa et al. (2018)
medicinal, fertility
Ishpingu Ocotea quixos Flavouring spice Valarezo et al. (2021)
Sacha inchi Plukenetia volubilis | Omega 3, antioxidant, | Denny et al. (2021)
immunomodulator.
Ufia de gato Uncaria tormentosa | Antioxidant, anticarcinogenic Ali et al. (2021)
Shiwa Oenocarpus bataua | Hair care oil Palacios et al. (2018)

Source: Workshop November 11th -14th 2013, and families’ interviews April 11"/2023

One focus of current food development is primarily consumer-related; it takes
into consideration the transformations that food, nutrients and bioactive substances have
on the human body and their effect on health and well-being (Bhaskaran et al. 2002).

Today's food is more complex and must meet increasingly demanding environmental, safety,
quality, and presentation requirements, among others. From this perspective, the focus
of the development of the functional food industry must necessarily shift to the consumer
in order to respond to their motivations, emotions, tastes and concerns for a healthy life.
This empowerment of the 21st century consumer has reversed the traditional food signal,
from the supply side to one conceived from the demand side and its link with consumer
health, which recognizes the benefits provided by the consumption of some substances
of plant origin, mainly through a contribution of bioactive substances in food (Valenzuela
et al., 2014). In parallel, from the perspective of the 21st century consumer, there is a strict
correlation between food and health; new trends point to an inclusive approach towards
indigenous communities, respectful of their worldview and based on a process of mutual
learning, community empowerment and limited access to ancestral knowledge (Sidali et al.,
2016).
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Laboratory results in total phenolic compounds and antioxidant activity (ABTS and FRAP),
are presented in table 3. The highest levels (p<0.05) of phenolic compounds were observed
in guayaba leaves, cocoa seeds and chuchuhuaso barkresults, that are presented.
In the remaining materials studied, the polyphenol contents are lower than in the Chilean red
wine taken as reference. Guayaba leaves and cocoa seeds are higher (p<0.05) in antioxidant
activity. In all cases antioxidant activity is related to polyphenolic activity (Caicedo et al.
2018).

Table 3. Content of total phenolic compounds and antioxidants in hydroalcoholic extracts
of Amazonian plants, in mg.mL™".

Table 3. Total phenolic compounds and antioxidants in hydroalcoholic extracts, in mg.mL"!

Plants for analysis Polyphe nols FRAP ABTS
hydroalcoholic hydroalcoholic extract hydroalcoholic extract
extract

Guayaba leaves 35.32* 15.451* 543.763°
Cocoa 24.44° 10.239% 324. 540*
Chuchuhuaso 19.90° 8.540P 108.,376°
Wild garlic 11.73¢ 7.780P 97.034¢
Guayusa 1.288¢ 1.288¢ 4,239
Red wine (reference) 8.983¢ 8.9834 0.040¢

Source: Analyses in Laboratory in the project Amazonian functional biopreparations beneficial to health.

Polyphenolic compounds are biologically active substances and there is ample evidence
from in vitro studies, animal models and human intervention studies that these compounds
provide benefits to the body against various diseases. These beneficial properties include
protection against cellular and subcellular injury, inhibition of tumors growth, activation
of hepatic detoxification systems and blocking of metabolic pathways that can lead
to carcinogenesis (Mercado et al., 2013).

This work contributes to current knowledge on antioxidants and their role in human health
(Coronado et al., 2015). The so-called "health market" is currently having an impact
on consumers and is expanding every day around the world (Franco, 2003), where foods
with antioxidants of animal or vegetable origin, natural or industrialized, are part of the daily
diet (Drago et al.,, 2006) and, in addition to providing nutrients, have these bioactive
components. Especially in relation to covidl9 despite medical advances with drugs
and vaccines, plant-based compounds could provide an array of suitable candidates to test
against this virus (Condori et al., 2023).

4. Conclusion

The results of surveys conducted with head of families and leaders fron Achuar and Kichwa
Amazonian Indigenous communities, show the mean products that families consume
and obtain from the jungle and the Amazonian chakras.
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The highest levels of phenolic compounds are observed in guayaba leaves, cocoa seeds
and chuchuhuaso bark. In the remaining materials studied, the polyphenol contents are lower
than in the Chilean red wine taken as reference.

Antioxidant activity is related to polyphenolic activity, guayaba leaves and cocoa seeds are
higher in these antioxidant activity by the two methods studied.

The ancestral knowledge of the forest peoples can be enhanced for their own benefit,
in alliance with universities, through research into foods with functional properties, such
as antioxidants, dietary fiber, prebiotic and probiotic biopreparations, with the agrobiodiverse
system in farms being the way to reproduce these useful species.
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Annotation: The future influx of young workers into a certain industry is influenced by several
factors, including the industry’s attractiveness or the profession’s prestige, the population’s
demographic structure and the number of graduates of educational fields in a given industry.
The agricultural sector suffers from an unfavourable age workforce structure and a lower interest
in working there. These aspects bring the risk of rural depopulation or a reduction
in competitiveness due to a lower willingness to innovate. The image of Czech agriculture
as an employer plays an important role in choosing a profession. The main goal of the contribution
was to assess the development of the Czech public’s opinions on the prestige of selected types
of occupations, with special attention to the occupation of a private farmer, through statistical
analysis. Prestige, in this sense, shows the degree of esteem, power, and influence
that an individual receives and that is demonstrated to him by others in connection
with the performance of a given profession. Long-term research on the prestige of a profession
shows that in the ranking of a selected profession’s prestige, the first position has been occupied
by doctors: mostly with a gap of more than ten points ahead of the following professions
(scientists, nurses, teachers). This group is followed in 6th to 10th place by professions, including
a private farmer whose prestige has slightly increased in recent years. Overall, the prestige ranking
of professions shows little variability over time. The profession's financial evaluation and power
status are important; however, they are only partial criteria for the order and the prestige people
attribute to individual professions. Characteristics such as social usefulness, demandingness
and responsibility of a certain profession play a significant role in the evaluation of the prestige
of a profession. Employment in agriculture has been declining for a long time as qualification
requirements in the industry are increasing, generational change in agriculture is not going well,
and the workforce in agriculture will continue to age, mainly because of the demographic
development in the Czech Republic. The outflow of workers and the ageing of the workforce
isand will be a significant problem for Czech agriculture. It is necessary to increase
the attractiveness and prestige of professions in agriculture, especially among Generation Z.

Key words: occupational prestige, farmer, age structure, employment, wage, Czech agriculture,
public opinion survey, trend, time series

JEL classification: C14, C22, Q10

1. Introduction

Czech society has undergone a transformation of its social structure, especially
after the revolutionary year of 1989. These changes also influenced the development
of individual professions, which was also reflected in the perception of their prestige.

Thanks to the excess offer of vacancies over demand, people - participants in the labour
market can choose a profession that is not only better valued but also more respected
in society. Economist and sociologist Thorstein Bunde Veblen was probably the first
to formulate and define the concept of occupational prestige in the book The Theory
of the Leisure Class in 1898. Veblen’s theory is the interconnectedness of prestige
with heroism (Veblen, 1999) because, according to his words: “Occupations that can be
attributed to heroism are valued, respectable, noble-minded; other activities which do not
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contain an element of heroism, and especially those which are servile or subservient, are
menial, degrading and vulgar”.

Occupational prestige is the social status allocated to individuals based on their occupations
(Hughes et al., 2022; Fujishiro et al., 2010). In turn, social status — alternatively called
prestige (Cheng et al., 2013) or sociometric status (Son et al., 2023; Anderson et al., 2012) —
is the respect, admiration, and voluntary deference accorded to others based on their perceived
instrumental social value (Anderson et al., 2015), an interpersonal judgment about the ability
of others to help advance one’s own goals (Leary et al., 2014). Previous work about
occupational prestige has also operationalised it as a function of status (Hughes et al., 2022;
Nam and Boyd, 2004; Hauser and Warren, 1997; Nakao and Treas, 1994) or status-adjacent
constructs like desirability (Goldthorpe and Hope, 1972) or power (Treiman, 1976).

To provide conceptual clarity and connect occupational prestige to the broader status
literature, we define it in these terms: the respect, admiration, and voluntary social deference
accorded to an individual based on the perceived instrumental societal value of their
occupation.

According to Goyder (2009), the population’s opinions on the profession’s prestige are
mainly based on income and education. They are the means to reach the end. For inner
satisfaction of needs, self-realisation, recognition or respect, society is not a seeker
of education and income but a seeker of social status. Magnusson (2009) tested the impact
of gender on occupational prestige. The paper shows on Swedish data that the association
between the proportion of females in an occupation and occupational prestige is non-linear.
Mixed occupations (41-60% of females) have the highest prestige. Based on German data,
Krueger et al. (2022) state that occupations that are predominantly male or female tend to be
rated as more prestigious than mixed-gender occupations when controlling for pay
and educational requirements, suggesting a segregation premium in the symbolic valuation
of work in Germany. In addition, there is no evidence of a gendered in-group bias
in Germany; both men and women consider gender-segregated occupations to be more
prestigious, with no preference for occupations dominated by their own gender. Tucek
and Machonin (1993) divide occupational prestige into two interrelated social functions.
Firstly, it is a “relatively stable structure of spiritual or moral compensations”, i.e., a certain
measure of social status. Secondly, it is a manifestation of the ‘“subjective dimension
of the objectively existing vertical social differentiation of jobs and professions,” i.e., it is part
of social superiority and inferiority relations. Further to the issue, Petrusek (1996) adds
that complete consensus in assessing the prestige of persons and professions is not possible;
the judgment of prestige depends strongly on the social position of the person making
the judgment. Nevertheless, the relative consensus in judging prestige is surprisingly high
in modern societies.

The prestige of the profession as such is one of the pillars of social stratification, which also
includes material security and power (Jennings et al., 2022). Prestige itself is associated
with respect and influence in society (Sanderova, 2022), and the social prestige of occupation
is linked to political ideologies, based on the Swiss evidence (Abrassart and Wolter, 2023).
The perception of the prestige of an occupation by companies is a complex social
phenomenon in which a whole range of personal and social characteristics are reflected
(Machonin and Tucek, 1993).
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In the territory of Czechoslovakia, the first post-revolutionary empirical research
on occupational prestige was carried out in 1990. The main goal of the research was
to monitor changes in the attitudes of Czech society and, in particular, the dynamism
of society in post-communist Czechoslovakia. In the initial research, up to 70 professions
were assessed. In addition to the assessment of the prestige of the profession, research also
analysed the income differentiation of selected professions (Cervenka, 2018; Tuéek
and Machonin, 1993). The development tendency or stability in the thinking and opinions
of society about the prestige of the profession can be observed even now. The Public Opinion
Research Centre (PORC), formerly the Institute for Public Opinion Research (IPOR)
under the Czech Statistical Office, continuously deals with research on the prestige
of the profession. PORC is a research department of the Institute of Sociology
of the Academy of Sciences of the Czech Republic. It repeatedly conducts this type of survey
on a representative sample of the population of the Czech Republic over the age of 15
in the form of quota selection, and 26 selected occupations are evaluated.

As Havlova (1996) states, the research on occupational prestige can be considered
an important part of the investigation of a social structure itself. It also functions roughly
as a measure of social status. The analysis of occupational prestige and its results are used
in debates about the social structure of society. This means revaluation, or the undervaluation
of certain professions and the related consequences in the economy and society. Abroad,
studies are being prepared with the aim of confirming or refuting the influence of a race
on the level of wages or salary, where the prestige of the profession is one of the key factors
of the research (Hughes et al., 2022; Grodsky and Pager, 2001).

As Kapr (1967) points out, occupational prestige rankings can be partly distorted, as some
observations are influenced by the respondents’ personality characteristics. It means
that sometimes they can evaluate professions biasedly and give rather personal likes
and dislikes to individual professions. Another personality influence that has some impact
on the location of a certain occupation is the lust, aspiration, or desire of the interviewee
for such an occupation (Grodsky and Pager, 2001). Knowledge and awareness of a specific
profession also have a certain influence on the placement in the final ranking. Socially more
well-known professions tend to be placed closer to the beginning or end of the final prestige
scale.

The weakened position of the agricultural sector as an economic driver and provider
of employment has been the subject of much debate. Marsden (1995) specifically stresses
the redefined role of agriculture both in social and economic life in rural areas. The transition
from productivism into post-productivism (Wilson, 2001) is considered to be one of the key
factors of this. The transition resulted in a weakening of the ties between farmers and other
rural dwellers, accompanied by globalisation and technological change that led to a decline
in the demand for agricultural labour (Capkoviéové and Hlavsa, 2015; Spésna et al., 2009).
Labour and skills shortages are a major concern in the agro-food sector across OECD
countries (Ryan, 2023). This challenge is compounded by the relatively small, and declining,
contribution of agriculture to GDP, and the negative public perception of the sector with
relatively low wages and limited career prospects.

This paper aims to assess the data from public opinion polls on prestige rankings of selected
occupations, where the special focus is put on farmers. As a partial aim we analyzed
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development tendencies of agricultural wages and employment, which are one of the aspects
related to the farmer’s prestige.

2. Materials and Methods

The prestige of the profession in the Czech Republic can be assessed based on long-term
public opinion surveys. Data from the Czech Social Science Data Archive of the Institute
of Sociology of the Academy of Sciences of the Czech Republic were used in the paper
to analyse the prestige of the profession. Specifically, data matrices from surveys carried out
in the years 2004-2019, falling under the research investigation bearing the designation
Our Company, were used.

Approximately 1,000 people representing the population of the Czech Republic over the age
of 15 were interviewed (see Table 1 for the exact sample frequency). Respondents in these
surveys assigned 1 to 99 points to the presented occupations. The data collection method was
a standardised interview. Data collection was carried out by trained interviewers of the PORC
interview network. The selection of respondents was always intended to maintain
representativeness, implemented as a quota. The interviewees’ quota characteristics were
gender, age, and education. Territorial representativeness of the sets was observed
by the construction of the interview network itself, where the controlled characteristics were
the size of the place of residence and regions (NUTS 3). The parameters of the sample sets
thus correspond to the structure of the population of the Czech Republic broken down
by socio-demographic characteristics (gender, education, age) and territory.

Table 1. Characteristics of respondents from analysed surveys in the years 2004 - 2019

Demographic Ovtions Share of Demographic Ovtions Share of
characteristics p respondents [ %] [characteristics p respondents [ %]
2004 | 2011 |2019 2004 | 2011 | 2019
gender men 47.8147.9 |48.4| education primary 2331214133

secondary without
leaving examination
secondary with leaving
examination

30 — 44 years | 23.2 | 25.5 [27.5 higher education 10.7 | 13.4 | 193
45 — 59 years | 26.6 | 25.9 | 23.8

60 + years |22.2 [ 22.8 [30.7

Source: own processing; data - Public Opinion Research Centre, Institute of Sociology, Czech Academy of
Sciences, ‘Our Society’ 2004; 2011; 2019 respondents over the age of 15; face-to-face interviews

women 52.2152.1151.6 38.2 | 38.3 | 33.8

age 15 —29 years | 28.0 | 25.8 [ 18.0 27.8 1269 | 33.7

The main goal of the statistical analysis of data matrices from public opinion polls was
the evaluation of the positions of selected occupations in the imaginary prestige ranking.
Changes over time were assessed, and the analysis was mainly focused on the prestige
of “a private farmer”. The partial goal of the statistical analysis was to test the evidence
of differences in the perception of the prestige of selected professions between age
and educational groups of the Czech population. The non-parametric Kruskal-Wallis test
and the Nemenyi’s method were used to test the established hypotheses. The significance
level was set to 0.05.

The Cluster analysis was used to determine whether the prestige assessment of individual

professions is based on a more general structuring of professions (e.g., physical, mental work,
decision-making powers, degree of responsibility). Several methods are used in cluster
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analysis to calculate distance, similarity (or dissimilarity). The most used measure
of similarity of statistical units is the Euclidean distance (Rezankova et al., 2009):

d1 (X, X;) = \/Zzzl(xik - xjk)2 )]

Where: xix — the value of the k-th character of the statistical unit X;; xjx — the value of k-th
character of the statistical unit Xj; p — the number of characters of a multidimensional variable
(k=12,...,p).

Hierarchical clustering was chosen based on the hierarchical arrangement of objects and their
clusters. In the paper, a merging metric called full connection was chosen, where the distance
between two clusters is determined as the distance between the two most distant objects
from the two clusters (the so-called farthest neighbour principle). From the point of view
of the problem being solved, the advantage of complete connection was the tendency to divide
cases into clusters maximally.

The long-term tendencies of selected aspects of the agrarian labour market of the Czech
Republic were described and modelled using statistical methods from the field of time series
analysis: average gross monthly wages in the agriculture, forestry and fishing sectors;
employment in agriculture, which are based on CZSO data.

Exponential smoothing procedures with an adaptive approach to the trend component were
chosen. The smoothed value is a case of a moving average, where all observed values
of the smoothed series are weighted into the past with exponentially declining weights.
The time series evaluated by us can be considered linear in short sections, and therefore
Brown's double exponential smoothing with one discount constant was used (Cipra, 2008;
Chatfield et al., 2001). Considering the ex-ante forecast, the model's quality was evaluated
using the Mean Absolute method Percentage Error (MAPE).

TIBCO Statistica 14.0.0.15 software for Windows and SAS Studio was used for statistical
analysis. The significance level was set to 0.05.

3. Results and Discussion

In particular, the disinterest of young people in working in agriculture is often associated
with a decline in the prestige of agriculture. As empirical research from 1994 (Horska
and Spé€snd  1996) showed, 73% of farmers then declared a decline in the prestige
of agriculture compared to 1989 (and 61% considered the role of farmers to be socially
undervalued). The prestige itself is the result of many aspects - both objective and subjective.
The objective ones include the already stated low level of remuneration and the decrease
in the share of farmers — both in the total workforce in the national economy and rural
population. The change of lifestyle in the countryside of the Czech Republic and the “de-
agriculturalisation” of the character of the village can be included among the subjective ones.
Here, however, each case must be assessed individually; it undoubtedly depends on how well
the farmers manage to combine their activities with the social life of the village. The fact that
they are often successful is also proven by the fact that in public surveys (Skodovd, 2007),
the profession of a private farmer ranks among the ten most prestigious professions.
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According to POR surveys between 2004 and 2019, the profession of a private farmer rose
from 10th place to 8th in the ranking of 26 selected professions (see Table 2).

Table 2. Results of the prestige evaluation of selected occupations in the Czech Republic in the years 2004, 2011

and 2019
Year 2004* 2011 2019
(Number of respondents) (n =1027) (n =1006) (n =1024) Change of
Profession mean serial mean serial mean serial serial numbers
number number number (2019-2004)
Doctor 89.5 1. 89.1 1. 88.6 1. 0
Scientist 80.7 2. 75.4 2. 773 2. 0
Nurse 73.9. 3. 77.0 3. -
University teacher 78.5 3 72.4 4. 72.2 4. +1
Primary school teacher 71.3 4. 70.3 5. 70.1 5. +1
Judge 64.8 6. 61.0 7. 67.5 6. 0
Designer 64.1 7. 61.7 6. 61.4 7. 0
Private farmer 59.1 10. 60.3 9. 61.1 8. -2
Policeman 47.6 20. 53.9 11. 60.8 9. -11
Programmer 66.3 5. 60.8 8. 60.3 10. +5
Professional soldier 44.8 22. 48.3 17. 56.4 11. -11
Joiner 50.8 16. 53.2 12. 55.9 12. -4
Mayor 60.1 8. 52.6 14. 53.9 13. +5
Small shop owner 51.2 15. 514 15. 52.7 14. -1
Accountant 53.5 14. 54.1 10. 51.8 15. 1
Professional sportsman 56.1 11. 51.2 16. 50.6 16 +5
Manager 59.4 9. 53.0 13. 50.5 17. +8
Building worker 48.1 18. 47.4 18. -
Bank clerk 50.2 18. 46.9 19. 45.5 19. +1
Minister 53.8 13. 38.0 24, 439 20. +7
Salesman 42.8 24, 43.6 21. 45.5 21. -3
Journalist 54.4 12. 46.5 20. 40.3 22. +10
Secretary 437 23. 414 23. 38.8 23. 0
Priest 46.1 21. 42.8 22. 36.7 24. +3
Cleaner 29.4 26. 34.0 25. 34.5 25. -1
Member of Parliament 39.9 25. 27.0 26. 31.0 26. +1

Source: own processing; data - Public Opinion Research Centre, Institute of Sociology, Czech Academy
of Sciences, ‘Our Society’ 2004, 2011; 2019 respondents over the age of 15; face-to-face interviews
*In 2004 and 2007, the professions of electrical repairmen and lathe operators figured in the research.
The examined list of professions has been repeated in this form since 2011 when nurses and construction
workers were added.

The long-term research on the prestige of the profession shows that in the ranking
of the prestige of the selected professions, the first position has been occupied
by the profession of a doctor for a long time (average rating = 89 points out of 100; median =
98), mostly with more than ten points from the following professions (scientist, nurse,
teacher). This group is followed in 6™ to 10" place by professions with ratings between 60
and 70 points, among which is also a private farmer (average rating = 61, median = 65
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points), whose prestige has seen a slight increase in recent years. Overall, the prestige ranking
of professions shows little variability over time; see Table 1.

Figure 12. The result of a cluster analysis of the prestige evaluation of selected professions in 2019 in the Czech
Republic
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of Sciences, ‘Our Society’ 2019 respondents over the age of 15; face-to-face interviews

The result of the cluster analysis shows a clear, logical structuring of the ‘“space
of professions”, where the essential elements are the nature of work (physical work vs other),
then the division of the political sphere, the exclusive importance of professions in education
and healthcare, the separation of security forces and the exclusivity of the profession
of priests. In the first phase of clustering, the profession of a private farmer is thus assigned
to professions with a predominantly manual and routine nature of the work performed.
As a more detailed analysis of older data showed (Cervenka, 2018), this assessment correlates
with the age and political orientation of the interviewees. At the same time, the evaluation
of the prestige of professions with a manual and routine character is mostly significantly
worse among young people and respondents in the right part of the political spectrum.

As Havlova (1996) points out, the age of the respondents or the type of profession they have
can influence the assessment of the profession’s prestige. Therefore, for selected professions
from the beginning (doctor, university teacher, elementary school teacher, private farmer)
and the end (cleaner, member of parliament) of the imaginary occupational prestige ladder,
the influence of age on the prestige evaluation of the selected occupations was tested.
With 95% confidence, the effect of age on the evaluation of prestige was proven (p = 0.0469).
A statistically significant difference was shown in the evaluation of the youngest
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(15-29 years) and the oldest age categories (60+) (see Figure 2). The results of the performed
statistical analyses show that the youngest generation perceives the ranking of professions
similarly. However, they save more points for the highest-ranked professions (the drop
in points for primary school teachers is also significant and confirms the often-mentioned
position of teachers among the younger generation). Among young people, blue-collar
professions have reached the lowest places in the ranking (resulting in the lack of interest
in apprenticeship).

Figure 2. Evaluation of the prestige of selected professions in 2019 in the Czech Republic according to age
categories (L2 = 15 — 29 years; L3 = 30 — 44 years; L4 = 45 — 59 years; L5 = 60+)
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Source: own processing; data - Public Opinion Research Centre, Institute of Sociology, Czech Academy
of Sciences, ‘Our Society’ 2019 respondents over the age of 15; face-to-face interviews

Although the prestige of the profession of a private farmer has increased slightly in recent
years (see Table 1), the scale of prestige varies by generation (the results are in accordance
with Cervenka, 2018). For the youngest generation (15-29 years), it is statistically
significantly lower (p = 0.0013) compared to older age categories (see Figure 2).

A more detailed analysis then demonstrated the expected connection between the social status
of the interviewee and the point evaluation of certain professions (p = 0.0042). As expected,
respondents with an apprenticeship rate the prestige of blue-collar professions significantly
higher than university students (see Figure 3). These results are only partially consistent
with the study by Hughes et al. (2022), which states that across occupations, correlations
between occupational prestige ratings, educational attainment, and income were high
(0.73 t0 0.78), indicating convergent validity — as expected for indicators of the same

205



psychological construct. Occupations with higher prestige, in general, require more education
and pay higher wages than occupations with lower prestige.

In the profession of a private farmer, a statistically significant difference in the evaluation
of prestige was proven between the respondents’ levels of education (p = 0.0068).
The occupation of a private farmer is rated the highest by respondents with an apprenticeship
and respondents with secondary education without a high school leaving examination
(average 64.6 points and overall 7th place in the order of 26 occupations). In the case
of professions that require a university education, the difference between the given groups
is not so striking - statistically significant - scientists, designers or managers are evaluated
almost equally. However, programmers and journalists are perceived differently.

Figure 3. Evaluation of the prestige of selected professions in 2019 in the Czech Republic according
to respondents’ education (L2 = primary; L3 = secondary without leaving examination + trained; L4 = secondary
with leaving examination; L5 = Higher Vocational School + University)
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On the basis of the results of the investigation and the analyses carried out, it can be stated
that the perception of the prestige of the profession represents a relatively complex, internally
differentiated social phenomenon in which the influences of age, gender, education, life
attitudes and the value scale are reflected in different parts and on a different scale. Moreover,
as Cervenka (2018) adds, the influences of fashion trends and even political orientation
and opinions on current social developments are also reflected in it.

The objective characteristics of the agricultural profession (especially low wages, low
education and qualifications, unfavourable working conditions and characteristics of the work
performed, and limited participation in decision-making and management), which can

206



simultaneously be understood as positions on the axes of vertical differentiation of society,
are one of the basic dimensions of the socio-economic status (Jennings et al., 2022; Petrusek,
1990; Machonin and Tudek, 1964). They are reflected in the prestige (Cervenka, 2018; Tuéek
and Machonin 1993, 1994) of the agricultural profession in society and, as such, cannot
contribute to increasing interest in working in the sector. From a study by Hughes et al.
(2022), it follows that more prestigious occupations tend to involve abstract reasoning
and complex cognitive tasks, and less prestigious occupations tend to involve demanding
physical work.

The wage level in agriculture is a barrier to the entry of young and specially qualified people
into the sector. The significant wage disparity in relation to industry and the national economy
has long been and is generally known as the cause of the lack of interest in working
in agriculture. Similar long-term tendencies are confirmed by Ryan (2023), Bilkova (2015)
or Spésnd et al. (2009). The development of wages in agriculture shows similar development
tendencies as the development of wages in the national economy, with the difference
that wages in agriculture are about 20 - 25% lower in the long term. Similar long-term
tendencies are confirmed by Ryan (2023), Bilkovd (2015) or Spésnd et al. (2009).
The development of agricultural wages in the years 2005 - 2021 was analysed through
Brown’s double smoothing with the smoothing constant 0.82 and the MAPE value = 2.63 %.
Based on the results, it can be stated that if the historical development is maintained, wage
growth can be expected soon, but even so, the predicted value for the years 2022 - 2023
is around 31 - 33 thousand CZK (in the national economy it is around 40 thousand CZK,
see CZSO, 2023a). Even soon, wages in agriculture cannot be expected to approach wages
in the national economy significantly.

Figure 4. Development of gross wages in agriculture in 2005-2021 with an estimate for 2022 - 2023
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It can be stated that university-educated (especially young) farmers are affected by low wages
in the sector (incl. deep wage disparities of managers compared to comparable jobs
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in the industry) as the most significant barrier when deciding whether to enter or stay
in the industry.

The lack of young, highly qualified workers in the department is not caused
by the insufficient capacity of agricultural colleges (universities) or the lack of interest
of young people in studying at them. In addition to physical, time-consuming and socially
underappreciated work, the reason for the industry’s unattractiveness for graduates is also
the level of remuneration, which confirms Bilkovd (2015). In empirical research, only low
share of graduates declares an interest in working in agricultural production (Spésna, 2009;
Trhlikova et al., 2017).

The employment rate shows a long-term downward trend; in the last period, it ranged between
2.3 - 2.5 %. The development of the years 2005 — 2021 was modelled by Brown’s double
exponential smoothing with a smoothing constant of 0.89 and a MAPE value of 1.82 %.
The development of employment can be expected at a similar level in the near term, which
corresponds to an estimate of 95-98 thousand workers. As far as the structure is concerned,
roughly three-quarters are represented by employees; the rest are entrepreneurs, including
family members (CSO, 2023b). This structure has also not changed significantly in recent
periods and can be expected in the near soon as well. Many factors will influence the further
development of employment in the agricultural sector. It will not only be about
the implemented agricultural policy and the setting of supports but, in general, the overall
situation on the labour market and the market of agricultural commodities. The still
unfavourable age structure of agricultural workers could be helped by an influx of younger
qualified workers. Note that the proportion of workers over the age of 50 years is increasing
(CSO, 2023c). Attracting young, qualified workers to the sector and growing the prestige
of agriculture in the eyes of the public is currently associated primarily with the development
of modern technologies, the introduction of automation and robotisation and the related
development of precision agriculture.

Figure 5. Development of the employment rate in agriculture in 2005-2021 with the estimate for 2022-23
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4. Conclusion

The financial evaluation of the profession and the power status associated
with the performance of a function or position in the management hierarchy are important;
however, they are only partial criteria for the order and the prestige people attribute
to individual professions. These findings are consistent with a study by Hughes et al. (2022).
The evidence shows that the benefits of having a high-prestige occupation may be different
from having a high income or an extensive educational background. Characteristics such
as social usefulness, demandingness and responsibility of a certain profession play
a significant role in the evaluation of the prestige of a profession.

People are implicitly basing prestige judgments on beliefs about the incremental
or replacement value of the workers in various occupations, not the absolute value of the work
itself. At the top of the prestige scale, there are occupations where it is very difficult
for workers to be replaced because of lengthy and specialised training. At the bottom
of the scale, there are occupations that are often labelled as “unskilled” or “low-skill”
positions. These labels have come under justifiable criticism (Cepla and Dempster, 2021),
but they probably reflect common beliefs that such jobs could be done by almost anyone.
As aresult, even if an occupation involves work that is valuable to society and if people think
that any given worker does not offer much added value over anyone else, the job may not be
considered prestigious.

Although the prestige of the profession of a private farmer has increased slightly in recent
years, the scale of prestige varies by generation. It is statistically significantly lower
for the youngest generation (15 - 24 years) compared to older age categories. A more positive
perception of this profession by the younger generation could be a promise for the future,
a promise of a greater willingness to work in agriculture. The application of factor analysis,
like the study by Cervenka (2018) targeting the youngest age group, could then help reveal
other important factors influencing the prestige of work in agriculture and the willingness
of young people to enter this sector. The interest in working in agriculture is weakened
in society by the action of a greater number of agents. Above all, the number of agricultural
families in which children could naturally acquire a relationship with agriculture at an early
age has decreased significantly.

Similarly, the contact with agriculture among children coming from cities to the countryside,
among students helping individually or as a part of school events with the harvest
of agricultural crops, was also limited. Any interest in animal husbandry or plant cultivation
can be realised more conveniently than by integrating into agricultural activities.
The influence of family traditions on the careers of qualified agricultural workers also
weakened considerably (Spésna et al., 2008).

An important specific feature of agriculture is also reflected in the agrarian labour market —
dependence on agricultural land. Its area cannot practically be expanded; on the contrary,
it is constantly decreasing. Thus the upper limit of the total areal framework of agriculture
in the state, and therefore of agricultural employment, is given. However, this is strongly
influenced by both the structure of agricultural land and the structure of crops on arable land
and the extent of livestock farming (areas of intensive crops and livestock numbers are
decreasing in the Czech Republic).

Employment in agriculture has been declining for a long time. The level of education
in the sector is rising slightly. Due to automation and technological development in the sector,
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the qualification requirements for agricultural professions are increasing, which is also shown
in Ryan (2023). It can be assumed that this trend will continue in the future, and the share
of skilled labour in agriculture will continue to grow. The general trend of increasing
the educational level of the Czech population will also contribute to this.

Generational change in agriculture is not going well. The workforce in agriculture is ageing
and will continue to age, mainly because of the demographic development in the Czech
Republic. In addition to physical, time-consuming and socially underappreciated work,
the reason is also the amount of remuneration. Most workers in agriculture are remunerated
for their work in the form of wages, which have long been below the average wage
in the Czech Republic. As pointed out by Hughes et al. (2022), if a job is poorly paid
and unpleasant, that may compound the impression that the workers who hold the job do not
have the skills or training to pursue better options.

The outflow of workers and an ageing workforce are significant problems and challenges
for Czech agriculture. Experts describe the lack of young people in agriculture as critical.
It is necessary to increase its attractiveness and prestige, especially among generations Z
and younger.
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Annotation: The aim of the article is to determine the main extremes in the price level
of the examined food basket, in purchasing power, in the average rate of price growth, in price
volatility, for the observed period 2011 - 2022 at the level of individual food chains in the Czech
Republic. The aim is also to identify, at the level of specific foods, the main extremes
in the average rate of price growth and in the price volatility of the examined foods. Furthermore,
the goal is to characterize the issue of the average growth rate of food prices at the transnational
level (EU27, Hungary, the Czech Republic and countries neighboring the CR). The subjects
of research are the following food items: apples, bananas, bread, butter, carrots, edam, eggs,
chicken, milk, onions, oranges, potatoes, rice, sugar, watermelon. The collected food prices were
compared with aggregated data sets collected by the Czech Statistical Office and Eurostat.
The basic methods of statistical and comparative analysis at the level of primary and secondary
data were used for the analysis of individual data. The highest average price level of food was
shown by Lidl (CZK 45.88), the cheapest was Kaufland (CZK 39.98). Food prices rose the fastest
in Tesco (average year-on-year growth rate of 11.16%), the slowest in Lidl (7.84%). Food prices
fluctuated the most in Kaufland (standard deviation CZK 9.87), the most stable prices were
in Albert (CZK 8.11). The price of watermelon rose the fastest (average year-on-year growth rate
of 27.62% in Billa), sugar the slowest (Kaufland -0.61%). Milk showed the most stable prices
(standard deviation CZK 2.89), edam cheese 45% had the highest price volatility (CZK 36.99).
Food prices rose the fastest in Hungary (6.28%), the slowest in Austria (2.92%).

Key words: Czech Republic, Development, European Union, Food prices, Purchasing power,
Retail chains.

JEL classification: F60, J30, Q10

1. Introduction

International grocery chains buy food in different parts of the world and sell it through their
stores around the world. These chains usually have a large influence on the food market
and can influence both the production and consumption of food. Among the largest
international grocery chains also operating in the Czech Republic are, for example, Tesco,
Lidl or Ahold Delhaize. These companies have a large number of stores around the world
and offer a wide range of food products, including fresh food, canned food, dried food,
beverages and other products. Food chains often put pressure on their suppliers to lower
prices and increase production efficiency. This can affect the conditions under which food
is produced and can lead to lower wages for workers in the agricultural sector and worse
conditions for animals. On the other hand, international grocery chains can also bring benefits
to consumers, such as lower prices and a wider choice of food products (Chocholac, 2017).

Food prices are influenced by many factors: supply and demand, climate conditions, energy
prices, political instability, international trade, currency exchange rates, and last but not least,
education and human capital (Hamilton et al., 2020).

Food supply depends on food production, availability of raw materials, technology and policy
measures (Jarzebowski, 2017). Food demand is influenced by factors such as population,
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lifestyle changes, consumer preferences, and income levels (Lu et al., 2016). Adverse climatic
conditions such as drought, floods or storms can affect crop yields and reduce the supply
of food on the market, leading to higher prices (Devereux, 2007). Oil and other energy prices
affect the cost of food production and transportation, which can lead to an increase in food
prices (Alghalith, 2010). Wars, riots, and political conflicts can affect food production
and distribution, which can lead to higher prices (Shemyakina, 2022). World food trade
and price competition can also significantly affect food prices (Bekkers et al., 2017).
Exchange rate fluctuations can affect food prices, especially if food is imported or exported
(Akanni, 2020). So, overall, it can be said that food prices are influenced by many factors
that interact with each other and can have different effects on food prices in different parts
of the world.

The aim of the article is to determine the main extremes in the price level of the examined
food basket, in purchasing power, in the average rate of price growth, in price volatility,
for the observed period 2011 - 2022 at the level of individual food chains in the Czech
Republic. The aim is also to identify, at the level of specific foods, the main extremes
in the average rate of price growth and in the price volatility of the examined foods.
Furthermore, the goal is to characterize the issue of the average growth rate of food prices
at the transnational level (EU27, Hungary, the Czech Republic and countries neighboring
the Czech Republic).

2. Materials and Methods

The basis for food price analysis is a unique data collection process. Data on food prices
in individual retail chains selling in the Czech Republic were collected over the past twelve
years, from 2011 to 2022. Monitored super/hyper martkets: Albert (retail chain: Ahold), Billa
(Rewe Group), Kaufland (Schwarz Gruppe), Lidl (Schwarz Gruppe), Penny Market (Rewe
Group) and Tesco (Tesco). More details can be seen in Summary Table 1:

Table 1. Overview of monitored food items (1kg) and super/hyper markets

Super/Hyper Retail Monitored Food Item
Market Chain (1kg)
Albert Ahold apples golden delicious (unpackaged),
bananas,
bread Sumava (1,200gr),

Billa Rewe Group butter the cheapest (250gr),
carrots (unpackaged / packaged),
edam 30% (box),

Kaufland Schwarz Gruppe edam 45% (box),
eggs (10 pes)
chicken (standard),

Lidl Schwarz Gruppe long grain rice,
milk the cheapest (1 liter),
onions (unpackaged / packaged),

Penny Market Rewe Group oranges,
potatoes (unpackaged),
sugar (crystals),

Tesco Tesco watermelons

Source: Own processing, 2023
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The subject of the research can be read from Table 1 - it is food (1 kg): apples, bananas, bread
(1,200 g), butter (250 g), carrots, edam 30%, edam 45%, eggs (10 pcs), chicken, milk (1 liter),
onions, oranges, potatoes, rice, sugar, watermelon.

Individual data collections were processed at one point in time (i.e. during one day) in all
investigated super/hyper markets. Individual data collection was realizes at three-month
intervals from 2011 to the present.

The collected food prices were compared with aggregated data sets collected by the Czech
Statistical Office and Eurostat. The development of food prices is also influenced
by the purchasing power in the Czech Republic - the authors were inspired by the concept
of Malakhov (2021): In a simplified way, this modified purchasing power methodology can
be described as the calculation of the volume (in tons) of the monitored food, which
the consumer is able to buy for the average wage (in CZK) in the reference period
(i.e. the monitored year). For individual data analyses, basic methods of statistical
and comparative analysis at the level of primary and secondary data were used: average
indicators (food prices, HICP, wages), average growth rate (in %) of food prices, standard
deviation to detect volatility (or we can also say fluctuations within the entire observed
period) in food prices (in CZK), purchasing power (the authors determined the amount
of food (in kilograms) that could be purchased in the monitored year for the average wage
of the reference period).

3. Results and Discussion

For the observed period 2011 — 2022, the average price of food in Lidl showed an unrivaled
highest price level at the level of CZK 45.88. The second highest average food prices were
in Billa, at the level of CZK 43.91. The price levels in the Albert (CZK 41.73) and Penny
(CZK 41.58) chains can also be mentioned later. The lowest average food price level could be
observed in Tesco (CZK 40.67) and Kaufland (even only CZK 39.98).

The price level of the monitored foods in the individual chains is also reflected in the volume
of food that the consumer is able to buy for his average salary in the monitored year. During
the monitored period 2011 — 2022, the average salary could buy the most in Tesco, exactly
1,402.34 kg. The volume of food purchased for an average salary in Kaufland (1,399.08 kg)
and Albert (1,329.48 kg) is also close to this volume of food. With a smaller distance, we can
also mention the volume of food purchased for an average salary in Penny, which would
amount to 1,288.47 kg in the monitored period. The smallest volume of food would
be recorded in the chain Lidl (1,198.27 kg) and Billa (1,192.80 kg). An interesting fact
can be noticed - the order of food chains sorted by consumer purchasing power does not
logically correspond to the order of chains from the previous paragraph, where markets were
ordered by price level. Since the authors here worked within the observed period 2011 — 2022
with average values (average prices, average wages), the mentioned illogical order may be
caused by the different growth rate of average wages on the one hand (on average 4.74% yly)
and the different growth rate and by the price volatility of the average wages of the monitored
chains on the other hand. This was confirmed by Peersman (2022), who deals with similar
issues at the level of euro area countries.

The average wage in the Czech Republic for the period 2011 - 2022 can be seen in Table 2:
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Table 2. Average wage in the Czech Republic (CZK)

year 2011 2012 2013 2014 2015 2016
average wage | 24319 25 109 25128 25 686 26 467 27 589
year 2017 2018 2019 2020 2021 2022
average wage | 29 504 31 885 34 125 35611 37 839 40 353
Source: CZSO, 2023

Figure 1 shows the development of the average monthly wage in absolute and year-on-year
terms for the monitored period 2011 - 2022. Since 2014, there has been permanent growth
in both nominal and real wages, while since the peak of the growth rate in 2018 (nominally
8.1%, 5.9% in real terms (CZSO, 2023)) there was a permanent decrease in the average
growth of both nominal and real wages with large fluctuations. The growth of the average real
wage even reached negative values from 2020. It is possible to say that this phenomenon was
caused by the coronavirus pandemic in 2020, the subsequent increase in the price of basic
energy (electricity and gas) and the war in Ukraine starting in February 2022. All this
contributed to an increase in inflation in the Czech economy (Zubikova, Smolak, 2022).
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If we focus on the issue of the year-on-year growth rate of food prices in individual chains
for the monitored period 2011-2022, then it is possible to see that the highest growth rate was
recorded in Tesco. On average, food prices here reached a growth rate of 11.16%, which was
significantly more than for the other monitored chains. With a relatively large distance,
Kaufland showed the second highest growth rate of food prices (9.26%), followed by: Billa
(8.35%), Albert (8.32%) and Penny (8.10%). The lowest average growth rate of food prices
was recorded at Lidl (7.84%). The above results do not result in anything very favorable
for the Czech consumer. Given that markets with a lower price level of the monitored foods
showed a much higher average rate of growth of the prices of these items, it can basically
be said that within the Czech food market, individual retail chains were constantly matching
each other in the prices. Thus, the prices in markets were constantly rising sharply, fueling
already one of the highest inflations in Europe, and the purchasing consumer ultimately paid
for everything (Aliu et al., 2023).

With regard to the indicator of price volatility of monitored food items for the period 2011 -
2022, it can be found that the highest standard deviation of prices was in Kaufland,
at the level of CZK 9.87. The next highest price volatility was recorded at Lidl (CZK 9.21),
Billa (CZK 9.16) and Tesco (CZK 9.07). With a relatively greater distance, we can mention
the volatility of the prices of the monitored foods at Penny (CZK 8.39) and Albert (CZK
8.11). The last two mentioned chains therefore show a relatively stable price policy compared
to other markets, which can attract a more conservative consumer to the establishments,
who does not have such a strong need to take advantage of the discount promotions that are
so popular in the Czech Republic (Kucerova, Zeman, 2018).

During a more detailed examination of the prices of the monitored foods for individual food
chains, it is possible to observe which specific foods showed a higher average rate of price
growth for the monitored period 2011 — 2022 and which, on the contrary, showed a lower rate
of price growth. For example, at Tesco, which on average showed the highest year-on-year
growth in food prices, it can be found that the average price of golden delicious apples grew
the fastest (29.77%). On the contrary, the lowest average year-on-year price growth in Tesco
was recorded by rice (4.66%). The second highest average growth rate of food prices was
reported by Kaufland, and specifically the highest growth rate was the price of watermelon
(22.61%). Conversely, the lowest year-on-year growth rate was for sugar (-0.61%). In Billa,
the average price of watermelon also recorded the highest growth rate (27.62%), while
the price of bananas recorded the lowest (-0.07%). In Albert, the highest average growth rate
was recorded for the price of potatoes (13.51%) and free carrots (13.50%). On the contrary,
the lowest growth rate in Albert was for edam cheese 45% (1.98%). In Penny, the price
of watermelon also showed the highest rate of growth (17.35%), while milk, on the other
hand, showed the lowest rate (2.36%). Lidl reported the lowest average growth rate
of the monitored food basket during the monitored period, and of this basket, the highest
growth was recorded for the price of butter (14.81%), on the contrary, the lowest for the price
of sugar (1.89%).

If we focus on the volatility of average food prices in the monitored chains for the period
2011 - 2022, then we can say that, for example, in Kaufland, which recorded the highest
average volatility of food prices in comparison with other chains, the highest standard
deviation was for the price of edam 45% (CZK 43.55 ) and, conversely, the lowest standard
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deviation could be observed for the price of packaged onions (CZK 2.53). Figure 2 shows
the price development of edam 45% over the observed period in individual food chains:

Figure 2. 1kg edam 45% price (CZK)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

300

250

20

o

15

o

10

o

5

o

o

H Albert mKaufland mBilla Lidl ®mPenny HTesco

Source: Own processing, 2023

In Lidl, the highest price volatility was observed for edam 30% (CZK 29.45) and, conversely,
the lowest volatility for milk (CZK 2.63). In Billa, edam 45% also showed the highest price
volatility (CZK 36.38), bananas showed the lowest volatility (CZK 3.01). Figure 3 shows
the price development of edam 45% over the observed period in individual food chains
from a different perspective than the previous Figure 2:

Figure 3. 1kg edam 45% price (CZK)
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In Tesco, we can also talk about edam 45% (CZK 39.66) in the case of the highest price
volatility, while the lowest volatility was for milk (CZK 3.43). In Penny, the highest price
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volatility was for edam 45% (CZK 28.37), the lowest for milk (CZK 2.48). Figure 4 shows
the price development of milk for the observed period in individual food chains:

Figure 4. 1liter milk price (CZK)
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In Albert, in the case of the highest volatility, we can talk about the average price of edam
30% (CZK 32.08), in the case of the lowest volatility, we can also talk about the price of milk
(CZK 3.03). Figure 5 shows the price development of milk over the monitored period
in individual food chains from a different perspective than the previous Figure 4:

Figure 5. 1liter milk price (CZK)
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The above analyzes can of course be extended within the international context as well.
The authors of the article focused primarily on the average price level of food in the Czech
Republic and in countries neighboring the Czech Republic, including Hungary, as a close
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neighbor and partner of the Czech Republic (a member of the Visegrad Group). The average
food price level of the entire EU27 was also included in the analysis. In the monitored period
2011 — 2022, the average growth rate of food prices in the EU27 was at the level of 2.87%,
which was more than half (up by approx. 56.83%) faster growth than it was during the
monitored period 2011 — 2021, when the average growth rate of food prices in the EU27 was
only 1.83%. The dramatic acceleration in the growth rate of food prices was due to the sharp
increase in food prices in the EU27 countries in 2022, as illustrated in Figure 6:

Figure 6. Harmonised index of food consumer prices (%)
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It can be stated that, on average, the highest annual growth rate of food prices for the observed
period 2011 — 2022 could be observed in Hungary (6.28%). The second and third highest
growth rates of food prices were in the Czech Republic (4.58%) and Slovakia (4.15%).
A relatively low annual growth rate of food prices was recorded in Poland (3.91%)
and in Germany (3.50%). The lowest growth rate of food prices could be observed in Austria,
at only 2.92%. The average year-on-year rate of price growth was consistently the lowest
in Austria and Germany — food price volatility was the lowest of all monitored countries
in these two "old EU member states", in such a way that, on average, food price volatility
in the other monitored countries was almost double level (Abdelradi, Serra, 2015).

4. Conclusion

In the observed period 2011 — 2022, the highest average price level of food was shown
by the Lidl (CZK 45.88) and Billa (CZK 43.91) retail chains, while the cheapest
were the Kaufland (CZK 39.98) and Tesco (CZK 40.67) chains. This also corresponds
to the point of view of purchasing power, because the consumer bought the most for his
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average salary in Tesco (1,402.34 kg) and Kaufland (1,399.08 kg). The consumer bought
the smallest average volume of food with his salary in Lidl (1,198.27 kg) and Billa (1,192.80

kg).

On average, food prices rose the fastest in Tesco (year-on-year average rate of price growth
at the level of 11.16%), on the other hand, the slowest average year-on-year growth rate
of food prices was recorded in Lidl (7.84%). The prices of individual food chains therefore
generally increased sharply and practically equaled each other, which is not a favorable
phenomenon for the Czech consumer.

Food prices fluctuated the most in Kaufland (standard deviation CZK 9.87), on the other
hand, prices of the most stable nature could be observed for food in Albert (CZK 8.11).

With regard to specific food items, it was found that for the monitored period 2011-2022
itisnot at all easy to unequivocally identify specific foods that would show similar
characteristics across all chains with regard to the average annual rate of price growth.
We can mention only watermelon, which rose in price the fastest in the three retail chains
(Penny 17.35%, Kaufland 22.61%, Billa 27.62%), and it is also necessary to mention sugar,
which on the contrary rose in price the slowest (Lidl 1.9%, Kaufland -0.61%).

As for the fluctuations in the prices of individual monitored foods, the results here are more
unambiguous. Milk showed the most stable prices (standard deviation only about CZK 2.89
across all chains), on the other hand, the highest price volatility could be recorded for edam
cheese 45% (CZK 36.99).

On a transnational scale, it was found that in the monitored period 2011 — 2022, food prices
in the EU27 grew by an average of 2.87% year-on-year, with the EU27 countries recording
the most dramatic increase in food prices in the last monitored period of 2022. The fastest
growing food prices were in Hungary (average annual rate of food price growth was 6.28%).
On the contrary, prices rose the slowest in Austria (2.92%), while in Austria
(and in Germany) the price volatility of food was almost half that of the other monitored
countries.
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Annotation: The main objective of this paper is to evaluate available data model tools for sharing
scientific data from selected areas of agricultural research and rural development.
This contribution evaluates the application of the MIAPPE (Minimum Information About a Plant
Phenotyping Experiment) and BrAPI (Breeding API) standards in facilitating FAIR (Findable,
Accessible, Interoperable, and Reusable) principles-based data sharing in the field of plant
phenotyping. Plant phenotyping plays a crucial role in agricultural research, and effective data
management is essential for advancing scientific discoveries. The evaluation assesses
the contributions and effectiveness of MIAPPE and BrAPI in enhancing data accessibility,
discoverability, interoperability, and collaboration within the plant phenotyping community,
aligning with the FAIR data principles. The findings provide valuable insights into the adoption
and impact of these standards, enabling researchers to leverage standardized approaches
for improved data sharing, integration, and scientific advancements in agriculture.

Key words: Data models, data modeling, metadata, data sharing, Open Science, FAIR principles.

JEL classification: L.86 Information and Internet Services, Computer Software; C88 Other
Computer Software

1. Introduction

Data sharing has a significant impact on scientific research, particularly in the context
of the FAIR principles. By making research data available for reuse, researchers can avoid
duplicating efforts, build on existing knowledge, and accelerate scientific progress.
Furthermore, data sharing can help to identify errors, biases, and gaps in scientific knowledge,
leading to more robust and reliable scientific conclusions.

The FAIR principles emphasize the importance of data sharing by ensuring that research data
is easily accessible, interoperable, and reusable. This framework promotes collaboration
among researchers, leading to more efficient and effective research efforts. The principles
also encourage the use of open access data repositories, allowing researchers to share
and access data in a standardized and consistent manner. This helps to address the challenges
of data heterogeneity, which can arise when data is stored in disparate formats and locations.

Moreover, data sharing can have broader societal impacts beyond the scientific community.
By making research data available to policymakers, healthcare professionals, and the public,
scientific knowledge can be translated into practical applications that benefit society.

In conclusion, data sharing has a significant impact on scientific research, particularly
in the context of the FAIR principles. By making research data accessible, interoperable,
and reusable, data sharing promotes collaboration, transparency, and reproducibility
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in scientific research. The broader societal impacts of data sharing highlight its importance
in advancing scientific knowledge and improving human health and well-being.

With the advent of new technologies, it is possible to share data via the Internet all over
the world easily and at a reasonable cost. The sharing of data in machine-usable formats was
started by the Open Data initiative (StoCes et al., 2018) (Maresovd et al., 2019), which
primarily aimed at publishing public sector data. The current trend is the concept of Open
Science. The idea that scientific research should be free for all was popularized by Robert
King Merton in the early 1940s. Data produced by research should be freely shared
for the common good. (Merton et al., 1942) Open science has the potential to make
the scientific process more transparent, inclusive and democratic, and is increasingly
recognized as a critical accelerator for achieving the Sustainable Development Goals
and a real game-changer in bridging gaps in science, technology and innovation and fulfilling
human rights to science (Tzanova et al., 2020) (UNESCO, 2013).

To increase the reusability of scientific data, it is essential that the data is appropriately
described by metadata and standardized. The FAIR principles initiative deals with this issue.
In 2016, "The FAIR Guiding Principles for scientific data management and stewardship" was
published in the journal Scientific Data (Wilkinson et al., 2016). The authors intended
to provide guidelines for improving the discoverability, accessibility, interoperability,
and reuse of digital assets. The principles emphasize machine action (i.e., the ability
of computing systems to find, access, interoperate, and reuse data with little or no human
intervention) as humans increasingly rely on computational support to work with data due
to the increase in volume, complexity, and speed of data creation. This methodological set
presents how to publish data, it is based on fifteen principles in four groups: Findability
(to be Findable), Availability (to be Accessible), Interoperability (to be Interoperable)
and Reusability (to be Reusable). FAIR principles are also reflected by providers of finance
for science and research, e.g. Horizon Europe, TACR and others (Prodan, 2022).

Data are stored and further provided using so-called data repositories. The current trend
is to connect national, thematic and other repositories using metadata catalogs so that the data
can be traced from one place (Thoegersen et al., 2021). The issue of data sharing
and the creation of a repository at the national level or at the level of scientific societies
is one of the research and innovation strategies of the European Commission. This strategy
is presented under the term European Open Science Cloud (EOSC) (Burgelman et al., 2021).

The advent of innovative procedures and technologies for obtaining data in the field
of biology has brought the problem of how to effectively deal with the obtained data.
In various scientific fields, communities have begun to emerge that create standards,
regulations, and ontologies for handling data. An example can be the MIAPPE community
(Papoutsoglou et al., 2020), dealing with the issue of data standards designed to harmonize
data from plant phenotyping experiments. Other initiatives address the issue of how to share
data effectively. Here we can mention, for example, the project The Breeding API (BrAPI)
(Selby et al., 2019), an ontology-driven information system designed for the plant
phenomenology PHIS or the open source ISA framework.

ISA's open source framework and tools help manage an increasingly diverse set of biological,
environmental, and biomedical experiments that use a single technology or combination
of technologies. Built on the "Investigation" (project context), "Study" (research unit)
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and "Assay" (analytical measurement) data model and serializations (tabular, JSON
and RDF), the ISA framework helps you provide a rich description of experimental metadata
(i.e. sample characteristics, measurement technologies and types, relationships between
samples and data) so that the resulting data and discoveries are reproducible and reusable.
(Sansone et al., 2012)

In Europe, activities dealing with data from the field of living nature are covered by the non-
governmental structure ELIXIR (David et al., 2020). ELIXIR brings together biological data
resources, these resources include databases, software tools, training materials, cloud storage
and supercomputers. The goal of the ELIXIR structure is to coordinate these resources so that
they form a single infrastructure. This infrastructure makes it easy for scientists to find
and share data, exchange expertise and agree on best practices. Ultimately, this will help them
gain new insights into how living organisms work.

The scientific community perceives the need to handle data in such a way that their reuse
is possible. The problem is, on the one hand, the theoretical requirements arising
from the FAIR principles and, on the other hand, the theoretical models and standards based
on industry needs. According to a survey (Godem et al., 2022), 46% of biologists do not know
how to organize data so that it can be further used.

The main objective of this paper is to evaluate available data model tools for sharing scientific
data from selected areas of agricultural research and rural development.

2. Materials and Methods

In this paper, we focused on analyzing the shortcomings of branch-oriented data models,
frameworks, and tools from the field of agricultural research and rural development, such as
MIAPPE, BrAPI, and PHIS, with regard to the implementation of FAIR principles.
To achieve this, we reviewed relevant literature, consulted with experts in the field,
and conducted case studies using specific datasets from the plant production, hydrology,
and economics domains.

We also collected requirements for the creation of a data repository and analytical tools
that could facilitate working with data in a FAIR manner while mitigating the risk of misuse
of shared data, such as intellectual property rights. To obtain these requirements,
we conducted surveys and interviews with researchers, data managers, and other stakeholders
involved in agricultural research and rural development.

We also performed risk analyses to identify potential risks associated with data sharing, such
as the risk of data misuse or unauthorized access, and developed strategies to mitigate these
risks.

We would like to note that as the authors, we had access to large and specific data sources
obtained using the phenotyping platforms developed by PSI and Phenospex. These platforms
are market leaders in working with 2D and 3D data, and their data allowed us to conduct in-
depth case studies and analyses in the plant production domain.

These data from the phenotyping units were used for the analyses. The data was entered
into a pilot repository based on the specification of the BrAPI standard.

To ensure that the datasets we used in this study and the requirements we collected could be
shared in a FAIR manner, we deposited our processed data, along with all of our analysis
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code, on a public repository. We also submitted our findings to relevant repositories,
databases, and communities of practice, with complete metadata to ensure that the data could
be easily found, accessed, and reused by other researchers.

3. Results and Discussion

Sharing Biological Data According to FAIR Principles. The FAIR principles (Findable,
Accessible, Interoperable, and Reusable) are a set of guidelines for making data more
accessible, reusable, and interoperable. In the context of biological data, adhering to these
principles can help to ensure that research outputs are maximally impactful, by allowing other
researchers to easily locate and reuse the data generated by a particular study.

To achieve this, there are several important things that are necessary to ensure that biological
data can be shared according to FAIR principles. These include:

Standardization of data collection and curation: Data collection and curation should follow
standard procedures to ensure that the data is consistent, complete, and well-documented.
In the agricultural research domain, initiatives like MIAPPE (Minimum Information
About a Plant Phenotyping Experiment) and BrAPI (Breeding API) provide guidelines
and tools for standardizing the collection and sharing of phenotyping and breeding data,
respectively.

Use of controlled vocabularies and ontologies: The use of controlled vocabularies
and ontologies can help to ensure that the data is findable and interoperable, by providing
a standardized language for describing biological concepts and entities. For example, the Crop
Ontology and the Phenotypic Quality Ontology are two examples of ontologies that can be
used to standardize the description of agricultural data.

Use of common data formats and metadata standards: The use of common data formats
and metadata standards can help to ensure that the data is accessible and reusable, by allowing
other researchers to easily interpret and analyze the data. For example, the ISA-Tab format
is a widely-used standard for representing metadata associated with biological data.

Use of open and interoperable data repositories: The use of open and interoperable data
repositories can help to ensure that the data is accessible and reusable, by providing
a centralized location for storing and sharing data. Repositories like Zenodo, Dryad,
and Figshare provide options for sharing data in a FAIR manner, while domain-specific
repositories like the Crop Research Informatics and PHIS (Plant Health Information System)
provide more specialized options for sharing agricultural data.

Adoption of data access and usage policies: The adoption of data access and usage policies
can help to ensure that the data is shared in a responsible and ethical manner, by specifying
how the data can be accessed, used, and reused. Policies like the Creative Commons licenses
and the General Data Protection Regulation (GDPR) provide options for specifying data
usage restrictions and ensuring that the privacy and confidentiality of research participants are
respected.

The ongoing evaluation of the pilot repository reveals that some important methods
for adhering to FAIR principles in data sharing are currently missing. Preliminary results
emphasize the significance of incorporating these methods to ensure compliance with FAIR
principles and enhance data sharing practices within the scientific community. These missing
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methods include standardized metadata schemas, robust data curation processes, data
provenance information, persistent identifiers, and standardized data formats and protocols.
Addressing these gaps is crucial for facilitating findability, accessibility, interoperability,
and reusability of shared scientific data, fostering collaboration, transparency, and scientific
advancements. Future efforts should prioritize the implementation of these missing methods
to establish a solid foundation for FAIR data sharing.

4. Conclusion

In this paper, we have discussed the importance of sharing biological data according to FAIR
principles, and outlined several important things necessary to ensure that biological data can
be shared in a FAIR manner. We have also highlighted the role of initiatives like MIAPPE
and BrAPI in standardizing the collection and sharing of agricultural data, and identified
several open and interoperable data repositories that can be used for sharing data in a FAIR
manner. By adhering to these guidelines, we can ensure that biological data is maximally
impactful and contributes to the advancement of science and innovation in the agricultural
research domain.

Adoption of MIAPPE and BRAPI, and other FAIR principles, can help ensure
that agricultural research data is accessible, interoperable, and reusable. By following these
guidelines, researchers can maximize the value of their data and facilitate scientific discovery
and innovation. As more and more researchers embrace FAIR data sharing principles,
the agricultural research community can expect to see increased collaboration, improved data
sharing, and accelerated progress towards addressing important challenges such as food
security, crop improvement, and environmental sustainability.

In conclusion, the paper highlights the importance of sharing scientific data and the need
for appropriate metadata and standardization to increase data reusability. The FAIR principles
and the European Open Science Cloud (EOSC) are initiatives that emphasize the importance
of making scientific data more transparent, inclusive, and democratic. To effectively deal
with the increasing volume and complexity of data, data repositories and metadata catalogs
are used to connect national, thematic, and other repositories. The paper also focuses
on the MIAPPE community and the Breeding API (BrAPI) project, which address the issue
of data standards and effective data sharing in the field of biology. The ISA framework is also
useful for managing diverse biological, environmental, and biomedical experiments. Finally,
the paper evaluates available data model tools for sharing scientific data from selected areas
of agricultural research and rural development, highlighting the need for more effective data
organization and sharing in the field.

Researchers should adhere to FAIR principles and utilize standards like MIAPPE and BrAPI
to enhance data sharing, maximize data impact, and drive scientific innovation in agricultural
research.

Adoption of MIAPPE, BrAPI, and other FAIR principles ensures accessible, interoperable,
and reusable agricultural research data, promoting collaboration and addressing key
challenges such as food security and environmental sustainability.

Repositories should prioritize open and interoperable platforms that align with FAIR
principles, facilitating easy data access and reuse for researchers.
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The FAIR principles and initiatives like the European Open Science Cloud (EOSC) promote
transparency and inclusivity in scientific data sharing, empowering researchers and advancing
knowledge in the field.

Effective data organization, metadata standardization, and utilization of data model tools are
essential for sharing scientific data in agriculture and rural development, enabling efficient
data management and collaboration within the research community.
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Annotation: The paper aims to analyse the supply and demand of agricultural labour force
in the Czech Republic (CR), with a particular focus on upper secondary agricultural education.
While the number of applicants for agricultural studies has been relatively stable, agricultural
enterprises have been struggling to secure qualified workforce in the long term. This is despite
the relatively even distribution of agricultural fields of studies throughout the country
and the apparent sufficiency of agricultural graduates in relation to the labour force in agriculture.
The paper examines the main agricultural specializations within upper secondary educational
fields of study (programmes ending with a “maturita” examination and an apprenticeship
certificate). It compares the ability of schools to generate enough graduates with the requirements
of agricultural practice. This analysis will shed light on the extent to which the education system
is meeting the needs of the Czech agricultural sector. The study uses a combination of secondary
statistical data sources. The data sources include the Czech Statistical Office (CZSO) for data
on the agricultural workforce and its socio-demographic characteristics, the Ministry of Labour
and Social Affairs of the CR (MLSA CR) for data on labour demand and foreign workers
in the agricultural sector, and the National Pedagogical Institute of the CR (NPI CR) for data
on the number of agricultural secondary school graduates from 2014-2021.
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1. Introduction

“Current labour markets demonstrate a significant level of dynamism that affects the general
and specific qualification requirements for workers and their skills” (Sirovdtka, 2009).
However, this characteristic is only applicable to a limited extent in rural or agricultural
labour markets, where workers often have significant ties to the land and rural life.
As Shortall, McKee and Sutherland (2020) note, in numerous regions across Europe farming
is fundamentally a closed occupation, accessible solely to individuals who inherit agricultural
resources. While some authors in the past referred to agricultural workers as the "social class
of the past" (Vonderach, 1997) or as a type of outsiders due to the localization of their work
in rural areas and lower incomes (Berger and Piore, 1980), the work of these individuals,
who are slowly declining, remains one of the fundamental means of ensuring food security.

Although there has been a gradual reduction in the number of workers in the agricultural
sector for various reasons, the need to ensure an adequate number of skilled workers
for agricultural enterprises has been a persistent issue in the CR, as well as in many other EU
countries. Attention is frequently directed towards the scarcity of youthful agricultural
laborers and the issue of intergenerational transition within family-owned farming operations
(Zagata and Sutherland, 2015, Rovny, 2016, Coopmans et al., 2021, §impach0vé Pechrova
et al., 2018, Sutherland, 2023).
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In the context of the CR, where a large portion of the land is managed by large enterprises
with a low proportion of family farms’, graduates of secondary agricultural education can be
considered a main and very important source of workers for Czech agriculture (Slavik, 2004).
Therefore, this paper aims to describe the situation in Czech secondary agricultural schools
(technical and vocational) in terms of the number of applicants and graduates in key
agricultural programmes for agricultural production, with a closer examination of the match
between the supply and demand for labour in the Czech agricultural labour market. While
there are numerous topics related to the study of the linkages between the needs
of agricultural practice and education, which mainly relate to the quality of education
and its adaptation to the changing conditions of agricultural practice, this paper focuses
primarily on the quantitative aspect of the process of preparing graduates with agricultural
education.

Considering the characteristics of Czech farms, which are predominantly comprised of a high
proportion of employees and relatively few family-owned businesses, as well as the focus
of our discussion on skilled labour, the inclusion of part-time workers is not considered in our
deliberations. However, it is worth noting that recent research, such as that conducted
by Augere-Granier (2021), has specifically addressed the importance of this type
of employment.

In the realm of agricultural employment, the CR exhibits trends common to many other
European countries, namely a gradual decline in the number of farmers. Currently, there are
about 97 thousand workers in Czech agriculture (Green Report, 2022), the share of all
workers is very low (1.9% in 2021). Additionally, the Czech agricultural workforce
is characterized by an unfavourable age distribution across all occupational categories,
including managers. Over the long term, wage disparities exist between Czech agriculture
and the broader economy, as well as with respect to the industrial sector. The unfavourable
wage ratio has contributed to an increasing reliance on foreign workers in the Czech
agricultural sector, a trend that has slowly but steadily been on the rise lately. The wage gap
is exacerbated by the fact that workers in the agricultural sector, regardless of gender,
traditionally have the longest time paid hours per month compared to all other sectors
(TREXIMA, 2018).

With regards to agricultural labour, the CR in comparison to other European countries has
some unique characteristics that deserve special attention. These include a significantly
different size distribution of agricultural holdings®, a higher-than-average share of employees
within the agricultural workforce’, a lower representation of workers aged under 258,

5> Family workers are significantly underrepresented in the agricultural labour force, with only 37.2% of workers
being family members, compared to 89.5% in the EU-28 (EUROSTAT, FSS 2016).

% The majority of employment is concentrated within corporate enterprises, with partnerships outnumbering
cooperatives. These corporate entities hold a significant proportion of agricultural land ownership
and management. This leads to a phenomenon known as dual farming, where a small number of entities cultivate
a large portion of the land. The CR has the highest average area of agricultural land per entity (130.2 ha)
compared to the EU-28 average of 16.6 ha (FSS 2016).

" Based on the available data on labour input within the agriculture sector in 2022, it can be observed
that 70.2% of the agricultural work unit (AWU) was attributed to wage labour, while the remaining 29.8% was
categorized as unpaid labour (mostly family workers) (Green Report, 2022).

8 In 2021, the Czech Republic had a lower share of agricultural workers under 25 compared to the European
Union (EU-27) average. In particular, the share of workers under 25 in the Czech Republic was 5.9%, compared
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and a higher proportion of workers with agricultural vocational education’. The latter reflects
both the skill requirements of certain occupations on larger farms and the long tradition
of agricultural education in Czech secondary schools. When compared to EU countries,
the CR has a lower percentage of highly educated individuals (less than 12% in 2021)
in the agricultural sector. However, it has by far the highest percentage of workers
with secondary education (with or without graduation - 82%) and the lowest percentage
of workers with only basic education (6.8%). Czech agricultural managers are among
the most highly educated in their field. After Luxembourg, the Czech Republic has the highest
proportion of agricultural managers with at least a high school diploma (38.7% compared
to less than 9% in the EU-27, EUROSTAT, 2022).

Unlike educational structures, the age distribution of the Czech agricultural workforce
is a frequently discussed socio-demographic issue (Spésnd et al. 2009; Spé&Sna et al. 2019;
Delin and Spésnd, 2020; Conference on agricultural education at Czech University of Life
Sciences Prague in 2022), despite not being among the most unfavourable in Europe.
Specifically, the average age of farmers in the Czech Republic in 2021 was 46.4 years old,
which is roughly three years older than the average age of Czech employees (CZSO, 2022).

The generational transition of agricultural workers has been challenging due to the low
popularity of agricultural education (Prochdzka, Smutka, and Steininger, 2011) and low
interest of agricultural graduates in agricultural work, as noted by SpéSna et al. (2019),
Tomsikova, HudeCkova and Tomsik (2019) and Delin (2022). This lack of interest is likely
due to the gradual decline in agricultural employment, wage disparity and the generally low
prestige associated with agricultural professions among the Czech public. The notion that
agriculture is a financially undervalued occupation associated with physical labour
is in Czechia quite widespread (Svobodova, 2022), which not only influences adolescents
in their career decision-making but also the generation of their parents, who may thus
influence their children in choosing an educational path and profession. In the long run,
the gradual estrangement of individuals from the natural milieu, the waning of scientific
and agricultural proficiency, and even the surging phobia towards flora and fauna among
younger generations (Jancatikovd, 2016; Vacha, Ryplova and Valvodova, 2021), all have
a negative impact on young people's interest in pursuing agricultural careers.

Changing the societal perception of farmers constitutes a task of substantial duration (Slavik,
2014, Shortall and Marangudakis, 2022), it becomes imperative to consider not only
educational institutions, particularly teachers who serve as disseminators of agricultural
knowledge, but also agricultural enterprises or their affiliated organizations (Oppeltova,
Navrétilovd, and MareSovéd, 2019).With regard to the ongoing decline in agricultural literacy
observed over the past decades (Frick et al., 1991, Jeong and Choi, 2020), it is certainly not
a simple process.

The potential threat of absence of young people in the agricultural sector and the consequent
lack of generational renewal within farming can result adverse effects. These effects may
include the disappearance of family farms without a secure successor and a reduction
of labour-intensive agricultural production. These impacts can further result in adverse

to 6.7% in the EU-27. The share of workers under 25 in the agrarian population was lower in Spain, Poland,
Italy, Greece, Bulgaria, Croatia, Lithuania, Latvia, Slovenia, Cyprus and Portugal (EUROSTAT 2022).
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economic, social, and environmental consequences, such as a decline in food self-sufficiency
for key commodities, a reduction in livestock production with a subsequent decrease
in fertilizer volumes. Furthermore, this trend may lead to a reduction in the social function
of agriculture and a loss of know-how, among other issues. The absence of younger
generations in the farming community may hinder the development of the sector in areas such
as Agriculture 4.0 and new methods of environmental protection. This is particularly
concerning as younger generations tend to be more receptive to modern technologies
and innovative approaches. Their lack of presence on farms and in agricultural schools may,
therefore, impede the advancement of the agricultural sector in these crucial areas.

2. Materials and methods

To evaluate the ability of Czech secondary agricultural education to generate an adequate
number of graduates for Czech agricultural enterprises, we primarily rely on officially
published information regarding the agricultural workforce, obtained from the Czech
Statistical Office — CZSO (mainly data of the Farm structure survey — FSS), as well as labour
demand data, sourced from the Ministry of Labour and Social Affairs (MLSA CR).
Information on agricultural graduates comes from the National Pedagogical Institute
of the Czech Republic (NPI CR), these data are not available to the public in a detailed
breakdown based on specific fields of agricultural education. To evaluate the real benefit
of agricultural schools in the field of preparing qualified workers we utilize primary data from
the previous research of the Institute of Agricultural Economics and Information (IAEI)
conducted by Spé&$nd et al. (2017, 2018, 2019) who specifically examined the farms'
experiences in hiring recent graduates and the graduates' willingness to pursue careers
in agriculture.

There are three main types of secondary schools in the Czech Republic: in addition
to grammar schools (general schools that do not offer vocational education), there are
secondary technical schools (in Czech ,stredni odbornd Sskola‘“- SO§) and secondary
vocational schools (,,stredni odborné uciliste” — SOU). These two types of schools offer
secondary agricultural education. The technical schools most often provide comprehensive
vocational education through four-year programmes with a maturita examination, vocational
schools primarily focus on providing training programmes that lead to an apprenticeship
certificate (a VET certificate, in Czech “vyucni list”).

Czech upper secondary agricultural education has a long tradition and offers many diverse
specializations (programmes) in comparison to other fields of study (Chomova, 2014).
Agricultural programmes offered at secondary schools can be divided into several categories
of education (these categories are equivalent to ISCED level 3 and the levels of the European
Qualifications Framework, as demonstrated in Table 1). It is designed typically for students
between the ages of 15 and 19 years. It includes programmes whose code in the national
Classification of Educational Programme Types (in Czech ,Klasifikace kmenovych oboru
vzdeldvdni “— KKOV) starts with the number 41.
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Table 1. Upper secondary agricultural education by categories in the Czech Republic

Length of

the Conclusion Output European
KKOV Description of the Category Programme | (final certifica tle): ) Qualifications
. g Framework (EQF)
in Years
E Ordinary upper secondary 2-3 ;;r;ifét;;fip 2
H Upper secondary with an 3 certificate of 3
apprenticeship certificate apprenticeship

. . . . certificate of
Vocational education with “Maturita” . .
L 2 apprenticeship + 4

examination . ol
maturita certificate

Upper secondary with "Maturita"

M . 4 maturita certificate 4
examination
Absolutorium
N Tertiary professional schools 3 (vocational 6
examination)

Notes: E category — Agricultural programmes within this category of education are aimed above all at very practically
oriented pupils whose success in basic schooling is limited.
H — Programmes are vocational and prepare the students for direct entry into the labour market. Programmes
for a qualification with apprenticeship certificate end with a final examination in which students demonstrate that they are
prepared for relevant work activities.
M — Individuals who have completed these programmes may be eligible to pursue further studies at a tertiary institution,
they are equipped with the necessary skills and knowledge to enter the workforce directly.
L — Programmes (shortened courses) are designed for students who have undergone an apprenticeship to obtain maturita
examination.
N — Programmes offer education of higher level.
Further information about the Czech education system can be found in CEDEFOP (2022).
Source: The KKOV (Classification of Educational Programme Types); Czech National Agency for International Education
and Research, Ministry of Education, Youth and Sports; European Qualifications Framework (EQF)

In this paper, we present two indicators of upper secondary agricultural education. The first
indicator pertains to the number of students enrolled in agricultural studies during their first
year, while the second indicator focuses on the number of graduates who have completed such
studies in specific years. The data on the number of first year students and graduates are based
on their respective counts in September of the relevant year. Moreover, the data on graduate
unemployment reflects the situation as of April of the given year but pertains to the graduates
from the previous September. It is important to note that the data on graduates include all
types of study programmes (i.e., full-time and combined) without any distinction, while
the data on unemployment solely encompasses full-time graduates. In the paper, we mainly
focus on vocational and secondary school programmes in categories H and M, which form
the backbone of secondary agricultural education (see Figure 5). Figurel displays a dense
network of secondary agricultural schools in the CR, which are represented in all regions.
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Figure 1. Upper secondary schools offering agricultural programmes in the Czech Republic in 2021
The number of secondary agricultural schools in Czech municipalities
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Source: National Pedagogical Institute of the Czech Republic (NPI CR), own calculations. The map includes
the names of municipalities with two or more secondary agricultural schools
Note: Institutions offering agricultural education within educational categories E, H, M, N, L. According to data
from the NPI CR, there are currently 178 educational institutions registered at the level of upper secondary
agricultural education, including tertiary professional schools, where at least one of the agricultural fields
of study (programmes) is accredited

3. Results and discussion

First, we attempt to identify the requirements of the Czech agrarian sector for obtaining
workers. However, it should be noted that this is more of an estimation rather than an exact
calculation (given the seasonality, not all labour market data is available, and there
is no obligation for agricultural companies to report all vacant positions to labour offices.
Additionally, many changes occurring in Czech companies can only be estimated).

The state of the agricultural labour market can be reliably gauged by the job vacancy rate,
which is an important and highly responsive indicator as it accurately reflects the different
phases of the business cycle. In the Czech Republic, the vacancy rate decreased significantly
during the onset of the economic crisis, starting from the second half of 2008. The decline
in the industry sector was more severe and rapid compared to agriculture and the overall
Czech economy (as indicated in Figure 2). Despite the severe downturn in the labour market,
the demand for workers in agriculture remained relatively higher than in industry
and the national economy for most of the period. This suggests that Czech agricultural
enterprises faced challenges in securing the necessary workers even during the economic
crisis. As the economy began to recover, the worker shortage problem for agricultural
enterprises worsened, resulting in a widening gap between agriculture and industry
or the national economy.
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Figure 2. Job Vacancy Rate on a Quarterly Basis in the Czech Republic from 2008 to 2022 (%)
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Source: CZSO, 2023
Note: Job Vacancy Rate is calculated as the number of job vacancies divided by the sum of the number of job
vacancies and occupied posts

Based on vacancy rates it is possible to estimate how many employees the sector needs
to recruit. In Czech agriculture sector, this would be almost 8 thousand people in mid-2022
(a decrease of about 3 thousand compared to the same period of the previous year).
Underemployment in agriculture is a major problem "operationally"”, as it is absolutely
necessary to ensure proper daily care of the animals kept (which of course is also fully valid
in times of pandemics, etc.) and to carry out at least basic agrotechnical interventions on all
cultivated agricultural land within the relevant agrotechnical deadlines (otherwise, among
other things, subsidies — direct payments — would be cut, or in more serious cases, fines
from municipal authorities, etc.). It is clear from the information on the situation on some
farms (which in some cases was also reported in the media) that the amount of labour input
in agriculture in recent years has been lower than what was actually needed — some labour
tasks were not carried out in full (e.g. in hop growing, apple harvesting, etc.), which,
of course, had a negative impact on the quantity and quality of production, and consequently
on the lower revenues of the farms.

The demand for labour force can also be inferred from the data of the MLSA CR.
Out of the total number of 343 thousand vacancies offered at Czech labour offices
at the end of 2021, the agricultural sector (group A according to CZ-NACE) accounted
for 7,436 vacancies (2.2% of total in the CR). However, since a large part of all registered
vacancies (193.8 thousand) remains unclassified or unspecified in terms of individual sectors
or fields of activity and the obligation for employers to report vacancies to the labour offices
has passed, the actual demand for filling jobs in the agricultural sector could thus be higher.

Data on the number of available job applicants across the entire agricultural sector
in the Czech Republic are not available. Therefore, only the comparison between job offers
and available job seekers in occupational class 6 CZ ISCO, which includes qualified
agricultural workers (often livestock caretakers and qualified workers in plant production),
can be made separately. As of June 30, 2022, a total of 1,798 job seekers (nearly 60%
of whom were women) were registered in this category in the Czech Republic,
while the number of job openings amounted to 4,018. On average, there were less than
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0.5 available candidates per one vacant job position in this group of workers, with significant
differences across Czech regional labour markets (ranging from 0.2 available candidates
in the Central Bohemia to 2.3 in the Liberec region). The latest data on demand for jobs
in occupational category 6 is shown in Figure 3, revealing significant differences between
individual regions and a high concentration of job opportunities in the Central Bohemian
region.

Figure 3. Applicants for Jobs and Vacant Positions in occupational category 6 CZ ISCO in the Czech Republic
in March 2023
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Source: MLSA, 2023

Upon comparing our results with the earlier study conducted by Nohel et al. (2011),
which examined the regional supply and demand for agricultural workers in the CR,
it becomes apparent that despite the volatility in the labour market and the option
of commuting for work (which, in the case of agriculture, is typically deterred by lower
wages), certain regions persistently exhibit a surplus of unfilled agricultural positions.
Specifically, areas such as Central Bohemia located in the vicinity of Prague, and Znojmo
neighbouring Austria, have a higher demand for agricultural workers than the supply
available, while regions with elevated unemployment suffer from an oversupply of job
seekers in agriculture relative to the number of vacant positions (typical for the Moravian-
Silesian, Liberec, and Usti nad Labem regions).

The difficult situation of Czech agricultural businesses to obtain workers, or the inability
to ensure an adequate number of workers from domestic sources, is indirectly demonstrated
by the trend of increasing numbers of foreign workers (however, the extent to which these
non-Czech employees are full-time workers (AWUs), permanent or seasonal workers, repeat
registrants, unfortunately cannot be determined without proper research). According
to the CZSO (2023), as of December 31, 2022, there were 23,000 foreign workers (2.9%
of the total workforce) registered by labour offices in these industries. This is an increase
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of 1,000 from the previous year. The largest group of foreign workers came from Ukraine
(9.2 thousand), followed by citizens of EU member states (10.8 thousand in total) and Slovak
citizens (4.4 thousand).

Furthermore, aside from statistical sources, empirical research conducted by the Institute
of Agricultural Economics and Information can provide data on the demand for agricultural
workers. The most recent research was conducted by Spésna et al. (2018). During that time,
the Czech economy was doing well. A significant portion of the agricultural entities surveyed
acknowledged problems with the generational turnover of their workers (70% of the 409
companies surveyed), and nearly 64% of the agricultural firms surveyed considered a shortage
of workers in the labour market to be an obstacle to further development. Based
on the experiences of more than 80% of the managers surveyed, it became clear that finding
qualified workers was increasingly difficult for them. For most agricultural companies, it was
not only difficult to find workers, but also to retain them in the company. Relatively
frequently, agricultural enterprises also engaged in '"poaching" qualified workers,
as confirmed by a slight majority of agricultural managers in the survey (58.2%). Without
hiring new employees for the period 2018-2022, only a negligible proportion of these
companies (approximately 1%) would have managed. The average need for worker
replenishment amounted to between 4-5% of their workforce annually. The research
by Spésnad et al. (2018) further showed that a large portion of businesses were interested
in hiring fresh agricultural graduates and would even prefer them over other job applicants,
despite frequent doubts about their professional readiness for practical work. However, a large
portion of these businesses had no prior experience with them, graduates had not applied
for jobs in their companies in the past. The experience of managers regarding the employment
of recent agricultural graduates is shown in Figure 4.

Figure 4. Experience of agricultural managers with agricultural graduates in 2018 (%)

I will employ a graduate of an agricultural school

rather than another applicant for job. 8.8 47,4 230 3.9 149
We have a gooq experience of employing graduates 51 35.0 232 42 325
of agricultural secondary schools.
Graduates of secondary agrlcultufal courses are well 20.6 394 127 164
prepared for practice.
The quality of agncqltgral secpndary school 24 218 36.2 149 247
graduates is improving.
Young workers oflep leave‘ for glher sectors after 218 513 10.9.5 16.1
completing their training.
We have/will have prgblems with the generational 374 33,0 13720137
renewal in our company.
It is difficult for us to retain a young and skilled 264 38.1 16.1 24 169
worker.
0% 50% 100%
I strongly agree I rather agree I rather disagree I strongly disagree I don’t know

Source: Spésnd et al., 2018
Note: An empirical survey conducted in 2018 by the IAEI at 409 agricultural companies in the Czech Republic

Let us focus on the situation from the perspective of the number of students studying
agricultural disciplines. The development of the absolute number of first year students
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in agricultural fields of secondary schools in 2008 and the range of years 2014-2021
is presented in Figure 5. We can see that in recent years there has been an increase in their
number, but this trend needs to be put into context with the increasing birth rate after 2000,
resulting in stronger cohorts in secondary schools in recent years, rather than with a growth
in interest in these fields.

On the other hand, the numbers of students entering agricultural programmes were slightly
higher than the average for all fields of study in the Czech Republic, and the proportion
of students in the first year of agricultural programmes among all students enrolled in the first
year of secondary schools in the Czech Republic has remained relatively stable for a long
time, hovering around 5% (5.4% in 2021 according to NPI CR).

Figure 5. Numbers of first year students in agricultural programmes of Czech secondary schools by educational category
in 2008, 2014-2021
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From the perspective of preparing professional workers, it is necessary to draw attention
to the still relatively low effectiveness of the educational process regarding frequent
premature termination of studies in secondary agricultural programmes. In Figure 6, we show
the proportion of students who complete their studies in the fields of education category H
and M. Although the situation has been improving in recent years, unfortunately,
the proportion of agricultural graduates in vocational programmes is still very low compared
to the number of students who originally started their studies.

Figure 6. Number of graduates in agricultural programmes of categories H and M (abs.) and the proportion
of graduates among new students between 20172021 (%)
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Source: Database NPI CR, calculations of IAEI
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Let us now turn attention to the number of students who successfully graduate from secondary
agricultural schools in the Czech Republic and proceed to practical training or further studies.
The Figure 7 illustrates the overall numbers of graduates from all categories of secondary
education, while the following images (Figures 8, 9) display the structure of the two most
significant groups of high school fields sorted by individual specializations.

Figure 7. Number of graduates in secondary agricultural programmes in the years 2008, 20142021
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Source: Database of NPI CR, calculations of IAEI
Note: Graduates of all education categories (E, H, L, M, N). Data on graduates include all forms of study (day
and combined) without distinction

Figure 8. Number of Agricultural Graduates with an Apprenticeship (category H) in the Czech Republic in 2008,
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Figure 9. Number of Agricultural Graduates with a maturita examination (category M) in the Czech Republic in
2008, 2015 and 2021
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The numbers of graduates in agricultural fields serve primarily as a signalling indicator,
denoting a potential source for replenishing the workforce in the agrarian sector. However,
it should be noted that an increase in the number of graduates is not necessarily indicative
of a smooth generational turnover in the agrarian sector (as will be discussed below).

According to data from the CZSO and the NPI CR, the average number of graduates in Czech
agriculture was 3.02 (across all programmes) and 2.18 (specifically for programmes H and M,
excluding Forestry and Fishery programmes) per 100 full-time workers. As shown
in Figure 10, in some regions, the number of agricultural graduates compared to the number
of workers is extremely low (below 2; often, these are rural regions with a significant agrarian
employment). On the other hand, regions such as the Moravian-Silesian region, which do not
belong to typical agricultural areas, have higher values of this indicator.

Figure 10. Number of secondary agricultural school graduates per 100 employees in Czech agriculture (AWU)
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Source: The Integrated Farm Survey 2020, CZSO 2022. Database of NPI CR
Note: The data pertaining to agricultural graduates comprises graduates of vocational education programmes
falling under the H and M categories, except for those in forestry and fishery programmes, as the latter
predominantly pursue education that does not lead to a career in agriculture

To evaluate the success of agricultural graduates in the labour market, it is necessary
to examine statistical data regarding their employment outcomes. Furthermore, it is important
to investigate to what extent their actual work corresponds or deviates from the specialization
they studied.

One possible approach to looking at the success of employment in the job market
is to examine the percentage of graduates who become unemployed after successfully
completing their studies. This approach allows for the exclusion of graduates who continue
their education at a university or higher vocational school. However, it does not consider
whether the graduates sought employment in their field of study, such as agriculture
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or arelated industry (for example, graduates of agricultural machinery repair programmes
may find work relatively easily in the transportation or automotive industry).

Data on the unemployment of recent agricultural graduates indicate a relatively good prospect
for graduates from three-year vocational programmes (H). In the years 2017-2021,
the unemployment rate of their graduates was lower than the overall vocational programmes
(in 2021, 6.5% compared to 9%). The situation is less favourable in agricultural programmes
within M category of education. Here, the unemployment rate of agricultural graduates often
slightly exceeds the level of the entire group of secondary school programs (in 2021, 6.7%
compared to 6.2%).

Table 2. The Unemployment Rate of Graduates in Agricultural Fields of Upper Secondary Schools and in Upper
Secondary School Fields Overall

Study programme Unemployment rate of graduates (%) Number of unemployed graduates
(KKOV category) | 5017 [ 2018 | 2019 | 2020 | 2021 | 2017 | 2018 | 2019 | 2020 | 2021
Agricultural 59 33 2.8 55 6,5 104 | 58 51 100 | 125
programmes (H)
AllH 6,2 4.4 37 59 90 | 1174 | 829 | 671 | 1025 | 1726
programmes
Agricultural 58 50 32 52 6,7 50 48 26 49 65
programmes (M)
All M

52 3,7 38 4,7 6,2 | 1437 | 1015 | 1039 | 1340 | 1913
programmes

Source: infoabsolvent.cz

Another indicator that we can use in connection with the potential renewal of the workforce
in the sector is the (mis)match between the education received and the job performed.
Dolezalova (2020) shows that there is less ,,agreement” between the education received
and the job performed among graduates of agricultural fields of study. Among those trained
in agriculture, there are significantly more who do not work in the field they studied shortly
after completing their studies. Although the relatively frequent mismatch between the field
of study and the profession pursued by graduates of agricultural fields of study may indicate
a discrepancy between the educational system, students' interests, their preparation,
and the demands of the labour market, it also signals a certain adaptability of the agricultural
graduates who successfully apply themselves in fields outside of agriculture.

Previous research by IAEI on the professional orientation of agricultural graduates also often
pointed to the fact that graduates very often direct their careers outside the agriculture sector
(Sp&snd et al., 2017, 2018, and 2019). The employability of agricultural graduates
in agricultural practice, aside from the labour market situation, significantly depends
on the personal preferences of the students. According to research conducted by IAEI among
students and teachers at upper secondary schools, as reported by Spésna et al. (2018, 2019),
it has been shown that many pupils do not consider a career in agriculture when choosing
a secondary school. These students choose to pursue agricultural studies due to the perception
of convenience in obtaining certifications such as an apprenticeship certificate or maturita,
a driving license, a welder's license, or other related courses that are offered by the schools.
Additionally, the proximity of the agricultural school to their place of residence is also
a determining factor in their decision. Based on these studies, it can be estimated that at most
around half of all agricultural secondary school graduates pursue a career in agricultural
practice. These studies further indicated significant differences in the number of students
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pursuing agriculture among different agricultural fields and among different schools. It was
found that a significant number of students from agricultural families plan to pursue
agriculture. Students without an agricultural family background and without prior interest
in agriculture find it difficult to enter the field.

4. Conclusion

To conclude, we will consider the perspective of Czech agricultural enterprises in terms
of securing their workforce. Is it realistic for Czech agricultural companies to obtain qualified
workers from domestic sources with the current number of high school graduates?

Based on data on the number of farmers and findings from previous empirical research, it can
be inferred that there is a theoretical demand for approximately 4,000 new workers annually
in Czech agriculture. This estimate is derived from the average rate of worker turnover
in agricultural enterprises surveyed, which was approximately 4% per year. Despite
differences in specific conditions among individual companies, this figure serves as a valuable
reference point for understanding the overarching demand for fresh labour in Czech
agriculture.

In the case of considering solely the replacement of retiring workers, it would be necessary
to hire at least 2,500 new workers annually in Czech agriculture, given the absolute number
of workers (approximately 100,000) and their theoretical even distribution across different
age groups and their regular retirement. This estimate assumes that an employee can work
in agriculture for 40 years (i.e., the entire working life). without changing jobs. However,
given that a higher percentage of older individuals work in agriculture and not only retiring
workers require replacement, this estimate represents an absolute minimum.

Acknowledging that not only fresh graduates from secondary agricultural schools enter
the industry, that not only graduates from agricultural schools work in Czech agriculture,
and that a certain proportion of unskilled workers also work and will continue to work
in the industry, the last numbers of around 3.5 thousand secondary school graduates per year
may seem sufficient (the number of graduates related directly to the number of Czech
agricultural workers is about 3 per 100). However, given that some agricultural programmes
(forestry, fishery, horticulture) do not prepare workers directly for agricultural production,
and that approximately half of graduates according to earlier IAEI research planned to pursue
a career outside the sector and did not plan to work in agriculture even after further education,
it can be expected that agricultural companies will continue to face serious problems
in securing the necessary qualified workforce.

The number of secondary school graduates who enter the agricultural sector (it can
be assumed that it has been about half of the approximately 3,500 graduates in recent years)
thus falls below the absolute minimum threshold necessary for the generational renewal
of Czech agriculture (previously mentioned 2,500 employees required to replace those
retiring, under ideal (yet unrealistic) conditions of zero employee turnover).

The demand for workers in the current labour market, which has fluctuated between 6,000
and 11,000 employees in recent years (numbers vary depending on seasonality and market
conditions), and the high numbers of foreign workers (over 20,000) indicate that Czech
secondary agricultural education has been failing in the long term (despite stable numbers
of students, graduates, and an increasing share of those who complete their studies) to prepare
the workforce for Czech agriculture. If the proportion of agricultural graduates willing
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to work in agriculture does not increase, Czech agricultural companies will continue
to be forced to use workers with qualifications other than agricultural. Successfully managing
generational renewal thus remains a challenging task for Czech agricultural companies
in the long run.
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Annotation: The number of agricultural workers in the Czech Republic has been decreasing
due to increased productivity and partly perceived unattractiveness of the sector. Besides,
the workforce in the agricultural sector is ageing and most agricultural businesses are struggling
to recruit workers, especially large agricultural holdings. Hence, attracting new people or retaining
of employees is important. This can be done by both financial and non-financial incentives.
Relation towards the employees is a part of Corporate Social Responsibility (CSR) concept
and stakeholder theory as workers are important internal group that is influenced by the company
and at the same time influence the company. Therefore, the aim of the paper is to examine
the relation of the large agricultural holdings in the Czech Republic towards their employees.

The article is based on the data from the survey mapping the socially responsible behaviour
of large agricultural holdings in the Czech Republic with 133 representatives of the farms.
The data was collected in October 2018. Almost all respondents acknowledged the importance
of their employees. They communicated with them their decisions (mostly at the meetings)
and provided them benefits to increase their satisfaction. The feedback was gained mostly
by informal meetings. Considering the difficult situation on the labour force market, it was
surprising that majority of agricultural holdings did not have elaborated strategy on attracting
young people. The answers did not depend on the size of the farm which implicated that social
responsibility towards the employees was very important for all of agricultural holdings for many
reasons. Employees are understood not only a as production factor, but also represent important
stakeholder from social point of view, because over half of companies stated that they employ
some local people in agriculture also for the social reasons.

Key words: agricultural holding, corporate social responsibility, employees, relation, recruiting

JEL classification: Q19, J43, J24

1. Introduction

Czech farms belong to the one of the largest in the European Union. According to Eurostat
(2022) farms over 100 ha cultivate 86.4% of the agricultural land. They breed almost 70%
(68.3%) of livestock and employ around 2/3 (66.5%) of all farm labour force.

The number of agricultural workers has been decreasing due to increased productivity
and because of the unattractiveness of the sector. Between 2016 to 2018, the number
oscillated around 100 thousand, but decreased to 98,8 thousand in 2020. (MoA, 2021). Share
on the total employment in the Czech economy is still low (1.9% in 2020). According
to CZSO (2022), in comparison with year 2000, in year 2020 the share of large farms
over 100 ha on employment decreased from 63.7% to 60.0% but is still very high.

The workers in age between 45-59 years had the highest share on the total employment
in agriculture. Despite that the share of workers aged 45 years and more decreased to 40.0%
in 2020, it is still higher than in national economy. (MoA, 2021). This causes problems
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with generational renewal of agricultural labour force together with low share of young
workers in the sector. Although, the the workforce in the agricultural sector is aging most
agricultural businesses are struggling to recruit new workers. (Vodi¢kova, 2021).
The conditions in the sector are not motivational for many young people. Average wages
in agriculture, including forestry and fishing, have long remained below the level of wages
in industry and in the national economy as a whole. It was on 80.3% level in 2020.
(MoA, 2021). The difficulties of agricultural firms in recruiting workers continued to worsen
in 2020, as evidenced by 11.4% vacancy rate in the sector. (MoA, 2021). Hence, employees’
retention is important. According to the Agrarian Chamber of the Czech Republic (2021)
ninety percent of agricultural enterprises experience a shortage of workers, with most facing
this problem year-round. Especially in larger agricultural holdings there is a problem with
recruitment labour force which can be solved by both financial and non-financial incentives.
“Socially responsible actions towards employees constitute an important theoretical
component and a manifestation of the implementation of the CSR concept in business
practice.” (Matejun and Ratajczak, 2019)

Relation towards the employees is a part of Corporate Social Responsibility (CSR) concept
that was elaborated by Carroll (1991) as workers are important stakeholders in the company.
The pyramid of CSR expresses that the economic responsibility of the firm is the base.
Then there are legal, ethical and philanthropic responsibilities. CSR concept can be linked
to the stakeholder’s theory (Windsdor, 2001). Freeman and McVea (2001) define
the stakeholders as “any group or individual who is affected by or can affect the achievement
of an organization’s objectives”. Stakeholders in a narrow sense are groups of people that are
crucial for the achievement of corporate objectives. (Friedman and Miles, 2006). The key
relationships for a business go far beyond the relations with its customers and include
the relationships with its employees, suppliers and partners, investors and market analysts,
government regulators, trade associations and others that influence the business climate.
(Susniene and Sargunas, 2009).

According to Ali, Khan and Rehman (2013) employees’ engagement is critical
to organizational success as engaged employees are more productive and help organization
in achieving its corporate goals. Employees expect from the organization that they get paid
for their work and they aim on maximization of their wages. Besides, they expect long term
perspective in their jobs. On the other hand, companies suppose that employees will do their
job well.

The effect of CSR on employees was examined e.g. by Zhu and Yong (2013) who found
out positive influence — the higher the level of social responsibility of the firm, the higher
the level of employee performance. Factors influencing the safety of the employees were
examined by Koo and Ki (2020) in Korea. They used regression analysis where CSR was
and explained variable and number of workplace injuries was explanatory. The results show
that higher CSR scores are associated with fewer working days lost due to the workplace
injuries. Importance of employee-oriented CSR was stressed by Adamek and Bernatik (2014).
Their findings show that managers of small and medium enterprises, who view their
employees as legitimate stakeholders of the firm, will introduce employee-oriented CSR
out of their sense of moral responsibility towards their employees bringing positive effect
in entrepreneurial area as well as on employee’s commitment. (Adamek and Bernatik, 2014).
Tsourvakas and Yfantidou (2018) reached similar conclusion. According to them,
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the employees are proud to identify themselves with companies that have a caring image
and that they feel engaged, satisfied and motivated when their works contributes
to the society. Matejun and Ratajczak (2019) found out that involvement of the agricultural
companies in socially responsible actions towards employees were a source of specific
economic and social benefits.

Svétlikovd, Korcova and Falteiskova (2016) conducted guided interviews with the chief
accountant and economist of medium sized agricultural holding in the Czech Republic
and asked about the personnel composition of staff and the possibilities of attracting new
workforce. We focus also on the Czech Republic and to larger agricultural holding, but
the focus is on the point of view of the managers on the relation with the employees.

2. Materials and Methods

The aim of the paper is to examine the relation of the large agricultural holdings in the Czech
Republic towards their employees. The data is a part of broader survey which examined
the socially responsible behaviour of large agricultural holdings. The survey took place
in October 2018 mainly by face-to-face interviews. When F2F CAPI was not possible, phone
interviews (CATI) were done. External contractor asked managers or other higher

management representatives of agricultural holdings that farm in municipalities with less than
2000 inhabitants.

133 representatives of the farms were surveyed, among them 82.0% were men. Age was
mainly between 41 to 60 years (63.9%). 2/3 had university degree and 1/3 high school degree.
The agricultural holdings employed 48 employees on average and farmed on 1282 ha
of arable land and 1565 ha of all agricultural land on average. Majority of holdings were joint-
stock companies (42.9%) or cooperatives (37.6%); the rest were limited liability companies.
The most of agricultural holdings farmed in Stfedocesky, JihocCesky (both 16.5%)
and Vysocina regions (15.0%) which corresponds to the structure of farms in the CR where
the most farms are in Stfedocesky, JihoCesky and Jihomoravsky region (there is the most
of farms — 19.9%, contrast to 9.0 % in our sample).

Data gained by survey were statistically described. Then the hypotheses were tested
in contingency tables by ¥ test. Null hypothesis of this test states that the qualitative variables
are independent. Alternative hypothesis reads that the variables are dependent. ¥* test than
compares empirical frequencies with theoretical values that are calculated as (1):

n, =" 1)

where nj; are theoretical frequencies, n is number of observations and n;+ and n+ are relevant
marginal frequencies (sums of columns and rows). Then the test criterion G is calculated
as (2):

—4 3 )

where n; are empirical frequencies, r stays for row and ¢ for column. G statistics
approximately follows y° distribution and when its value is higher than critical value () "1 ¢
11y the null hypothesis is rejected. Similarly, when the p-value of the test is lower than
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the level of significance (0.05 in our case), the null hypothesis is rejected in favour
of an alternative hypothesis.

We tested whether the relation of agricultural holdings towards the employees depends
on the size of agricultural holding. We divided the firms to 3 groups: 1000 ha or below
(27.8% of the sample), from 1001 ha to 2000 ha (52.6%), from 2001 ha to 3000 ha (10.5%)
and over 3000 ha (9.0%).

3. Results and Discussion

Relation towards the employees is a part of CSR as workers are important stakeholder
ofinthe company. The representatives of agricultural holding acknowledged
that communication with stakeholders was very important (64.7%) and rather important
(34.6%) for them. Others stated that this was rather unimportant. Cotura, Colak and Kozul
(2022) found out that communication with stakeholders is important and that even
the managers of small and medium enterprises provide a significant level of strategic
approach to communication with stakeholders.

This is not surprising, because the managers acknowledge the influence of employees
on the functioning of agricultural holding (see Figure 1). Majority of them thinks that their
business is influenced by their employees. Only 11.3% view the employees’ impact as rather
low and 0.8% — 1 company — view as none). The dependence of the opinion on the size
of the firm was tested in contingency table. The results are summarized in table 1.
The opinion was the same across differed sizes of firms, because the view on the influence
of employees on the functioning of agricultural holding did not depend on the size
of the company. P-value was 0.185, so the null hypothesis could not have been rejected.

Figure 1. The influence of employees on the functioning of agricultural holding

Rather low  None
11,3% 0.8%

Very high
35,3%

Rather high
52,6%

Source: own elaboration, 2023, based on own survey, 2018

In 2/3 of cases (67.4%) the representatives of agricultural holdings also communicated
or consulted with this stakeholder the decisions regarding the operation of the company.
As Figure 2 suggests that this is the second most consulted group by the managers. At the first
places, 87.8% of representatives of agricultural holdings consult their decisions
with shareholders, investors and owners. This highlights their importance.

Similarly, as in previous case, whether the representatives of agricultural holdings consult
the decision with the employees or not does not depend on the size of the farm (see Table 1).
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P-value was 0.559 that is much higher than 0.05 level of significance. It can be interpreted
that the involvement of employees in the decision-making process is deemed necessary
by companies of all sizes. It is in line with the conclusions of Laur and Danilovic (2020)
who examined the influence of the stakeholders on the change in organization and found out
that internal stakeholders were actively engaged in the process of the change, while
external stakeholders were included only to a limited extent. Similarly, Cotura, Colak
and Kozul (2022) found a correlation between managers’ commitment to communication
to stakeholders and the perceived power of stakeholders to influence the company.

When the companies consult the decision with the employees it is only during personal
meetings. Other ways of communications were not mentioned. However, the level
of formalization of those meetings is not known, because the question did not distinguish
the formal meetings (consultations) from informal meetings.

As a follow up questions, the managers were to sort the stakeholders according to their
importance for functioning of the company. Most respondents put shareholders / investors /
owners and employees in the first two places. Municipalities were most often mentioned
in third place. On the contrary, trade unions and associations were almost not included
in the selection (only once in 2" and once in 3" place). The most common combination was
that employees were put first, then shareholders / investors / owners and finally
the municipality. Also, in terms of importance, the same combination was mentioned very
often, only with the first two places swapped. Over half of agricultural enterprises (54.1%)
considered employees to be the most important for the operation of the enterprise
from a social and economic point of view. It is good that the feedback is gained because
“Organization-stakeholder relations lead to new ideas about the responsibilities
of organizations, the role of managers, and the most appropriate management
style.” (Susniene and Sargunas, 2009).

Figure 2. Communication with stakeholders about decisions regarding the operation of the agricultural holding

100,0%
87,7%
80,0%
67,4%
60,0% 52,5%
40,0%
20,0%
0.0% 11,1%
0,0% 0.0%
Shareholders, Employees Municipalities Non-profit Associations
investors, owners organizatsion

Source: own elaboration, 2023, based on own survey, 2018

One of the manifestations of the importance of the employees was that the benefits of a non-
financial nature were offered to the them. From Figure 3 can be seen that almost all firms
offered discounted meals (97.7%). Companies also organized social events for employees
(72.2%) and provided further education for the development of the employees (70.7%).
However, only 9.0% had system that ensured the professional development of employees
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(career development plans). Other benefits were provided only in around % of companies.
The least offered benefits were sports and relaxation activities.

Hypothesis testing which results are displayed in Table 1 revealed that almost all
of the benefits were independent on the company size. In all cases with the exception
of allowance for commuting to work, the p-values were higher than 0.05 level of significance.
Smaller or larger holdings offered various benefits in the similar volume and structure.
The only difference is is provision of the allowance for commuting.

Figure 3. Employee benefits of a non-financial nature provided to the employees

100,0% —9L.7%

80,0% 72,2% 70,7%
60,0%
40,0%
263%  263%  256%  233%  22.6%
20,0% 11,3%
0,0%
Discounted Social events Education Personal ~ Allowance Fin. Health Pension Sports and
meals for and benefits for contribution  services insurance, relaxation
employees development (laptop, car, commuting for leisure small loans

mobile) to work activities

Source: own elaboration, 2023, based on own survey, 2018

The feedback from the employees should be collected to examine their job satisfaction.
Matejun and Ratajczak (2019) even found out in their survey that employee satisfaction
surveys and data protection and protection of employee privacy were key socially responsible
actions towards employees. All feedback possibilities from the questionnaire are displayed
at Figure 4. The employers observed the employees’ satisfaction to get feedback mostly by
informal meetings (93.2%) or formal appointments (88.0%). Again, the independence was
found by the tests in contingency tables (see Table 1). As in previous cases, the type
of the feedback did depend on the size of the company.

Figure 4. Means of employee satisfaction survey

100,0% 93,2% °
90.0% 58.0%
80,0%
70,0%
60,0% 51,9%
50,0%
40,0%
30,0%
20,0% 9.0%
10,0% 6,0%
0,0%
Informal meetings ~ Appointments with Regular evaluation of Employee satisfaction Boxes for comments
with employees employees employees surveys and suggestions from
employees

Source: own elaboration, 2023, based on own survey, 2018

Considering the difficult situation on the agricultural labour force market, it is surprising
that only 18.0% of agricultural holdings had strategy on attracting young people. On the other
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hand, regarding the cooperation with schools, most of the companies provided student
internships (80.5%). Over 40.0% of companies also consulted diploma thesis or organized
excursions. (see Figure 5).

Figure 5. Cooperation with all types of schools

90,0% 80,5%
80,0%
70,0%
60,0%
50,0% 45,1% 43,6%
40,0%
30,0% .
20.0% 15.0% 12,0%
10,0% 2,3%
0,0%
Student Diploma theses Organizing Lending or Participation at ~ Preparation of
internships and consultation excursions donating of teaching student
practice technology competitions
Source: own elaboration, 2023, based on own survey, 2018
Table 1. Results of dependency testing in contingency tables
Null hypothesis Hy: d. f. | Pearson ¥ test criterion | P-value of y?test
Opinion on the influence of employees on the
functioning of agri-holding does not depend on size 0 12.5283 0.185
Whether the representatives of agri-holdings consult 3 20660 0559
the decision with the employees does not depend on size ' ’
Whether the agri-holding offers dlscount?d meals for 3 56139 0132
employees does not depend on size
Whether the agri-holding does social e‘vents for 3 0.7406 0.864
employees does not depend on size
Whether the agri-holding provides educa}tlon and 3 1.9581 0581
development does not depend on size
Whether the agri-holding provides personal benefits 3 52765 0153
does not depend on size
Whether the agri-holding provides allowance for 3 79449 0.047

commuting to work does not depend on size
Whether the agri-holding provides contribution for 0.231
. A . 3 4.2950
leisure activities does not depend on size
Whether the agri-holding provides health services does
not depend on size
Whether the agri-holding provides pension insurance

or small loans does not depend on size

Whether the agri-holding provides sports or relaxation
does not depend on size

Whether the agri-holding does informal meetings with

3 0.6094 0.894

3 2.6855 0.443

- too few observations -

. 3 1.1506 0.765
employees does not depend on size

Whether the agri-holding does appomtl.nents with 3 27685 0429
employees does not depend on size

Whether the agri-holding regularly evz-lluate the 3 15174 0678
employees does not depend on size

Whether the agri-holding does employees’ satisfaction 3 1.9561 0582

surveys does not depend on size
Whether the agri-holding has boxes for comments and

. . - too few observations -
suggestions does not depend on size

Source: own elaboration, 2023, based on own survey, 2018; Note: d. f. = degrees of freedom
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Over half of companies (55.6%) stated that they employ local people in agriculture also
for the social reasons. And what is more, agricultural holdings with non-agricultural activities
(35.0% of all cases), in 30.0% of cases (14 agricultural holdings) employ local people in order
to retain employment in the municipality.

It can be seen that also social aspect of employing people is important for certain companies.
Despite the fact that employees are “classified” in the economic area of CSR as stakeholders
in our contribution, their importance goes beyond this category. It is a matter of fact
that employees are important resource for economic prosperity and performance.
For example, Dumitrascu and Simionescu (2015) proved by OLS regression that higher level
of social responsibility towards employees influence positively economic situation
(particularly indicators ROE and ROA) of the firms (listed companies in Romania between
years 2009-2013). However, this is only one dimension that they are often seen as production
factor only. Matejun and Ratajczak (2019) show on the example of Polish farm,
that if a company undertakes socially responsible activities towards its employees, it has
anumber of specific economic and social benefits. Not only that financial performance
of the company improves, but also image of the company increases which leads to higher trust
from the stakeholders.

Indeed, in certain cases they also employ agricultural workers for “social reasons”.
It is therefore possible to think about some fluidity of the position of employees in agriculture.
On one hand, the company understands employees as a ‘“production factor”, that is why
they are building relations with, communicated with, benefits are granted to them, etc.
But on the other hand, employing elderly or disadvantaged people, etc., is not entirely
economically rational. Regarding the reasons why agricultural companies do that, in addition
to the social awareness of the managers, the reason for employing these people may also be
that they are local and available (because agricultural holdings cannot find young people).
The main activity of attracting young people that is done from the side of agricultural
holdings is providing internships to young students. However, they are probably not doing
enough for the economic area of social responsibility as the average age of employees
in agricultural companies is still increasing.

4. Conclusion

The focus of the article was on big farms because Czech farms belong to the largest in the EU
in terms of their acreage. The aim of the paper was to examine the relation of the large
agricultural holdings in the Czech Republic towards their employees. We built on the theory
of Corporate social responsibility and stakeholder theory. The employees were understood by
surveyed farm management mainly as a production factor (a part of economic dimension
of CSR pyramid), but also as one of the important internal stakeholders.

A primary survey was conducted in 2018, which asked 133 representatives of agricultural
holdings. Almost all respondents acknowledged the importance of their employees. They tried
to communicate with them their decisions (mostly at the meetings). Also, benefits were
provided to increase their satisfaction. The feedback was gained mostly by informal meetings.
Considering the difficult situation on the labour force market, it was surprising that only few
agricultural holdings had elaborated strategy on attracting young people. On the other hand,
majority of them provided students internships and practice. The answers did not depend
on the size of the farm which has implication that social responsibility towards the employees
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was very important for agricultural holdings of all sizes for many reasons. Employees were
not always understood from economical point of view as production factor only, but also
represent important stakeholder from social point of view. Over half of companies stated that
they employed some local people also for the social reasons.
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Annotation: A part of negative impact of climate change mitigation process is the reduction
of greenhouse gas emissions, to which population can contribute through individual behavior
(e. g. consumption habits, shopping scenarios, sustainability of travel ways and types, type
of products used, etc.). The way people eat affects all areas of their lives; it became a sign of their
lifestyle. Nutrition type is one of the most important main externalities influencing health status
of everyone as well as the entire population. The main goal of this paper is through statistical
analysis and testing to formulate influence intensity of selected factor "education" on ecological
behavior of Czech population during purchase and consumption of food. Education is closely
related to lifestyle as one of the most decision-making factors including food price shaping
the way of eating. A subset of consumption behavior is the customer's purchasing behavior.
A more detailed analysis from the perspective of sociodemographic characteristics has shown
some differences in attitudes and purchasing or consumer behavior. In terms of age, there is
acertain generational divide, particularly in items related to purchasing behavior and food
preparation. In case of education, the analysis has focused on the dimensions of purchasing
behavior and the environment. It has been shown that education is one of the factors
that influences the importance of main factors when purchasing food and the value which
consumers attach to environmental aspects. People with higher education levels engage more
frequently in activities that are beneficial for the environment and related to the purchase
and consumption of food. Similarly, the importance of reasons for reducing food waste is linked
to education. People with higher education levels are more likely to see "food waste as a major
problem”.

Key words: ecological behaviour, food habits, shopping preferences, education, public opinion
research, time serie.

JEL classification: D12, C83, C22, 125

1. Introduction

Humankind should now more than ever be interested in and concerned about the environment,
climate, restoration, equality, and overall sustainability (Rep, 2021). Across all areas
and industries, there is an increasing emphasis on environmental aspects and sustainability
(PindeSova et al., 2022). In recent decades, we have witnessed globalization that directly
impacts changes in agricultural production and also affects food consumption (Steininger
and Smutka, 2022). Responsible shopping and consumption behavior can be explained
as consumers' interest in ethical, environmental, and ecological aspects, including the social
impacts of their decision-making (Musova et al., 2018). People's dependence on processed
foods and dietary habits based on high meat consumption potentially results to negative
consequences for personal health as well as environmental sustainability (Cullen et al., 2015,
Slater et al., 2018, Thomas et al., 2019). The amount of food waste and waste generated
from ready meals and packaged food production worsen environmental pollution (Melikoglu
et al., 2013, Zhang et al., 2021). Food consumption is associated with various environmental
impacts, and therefore, the consumers food choice represents an important environmental
decision (Tobler et al., 2011).
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Current food consumption patterns are considered to be the main barriers to responsible
shopping and dietary behavior, such as consuming fresh and healthy foods, purchasing localy
produced foodstaff, reducing meat consumption, and limiting food waste (Monroe et al.,
2015). In the future, changes in consumer behaviour can be expected. The growing concern
for reducing the ecological impact of food production, in accordance with sustainable
development, could be a significant turning point in the consumption patterns of Czech
people. One possible solution to reducing the negative impacts of nutrition
on the environment is consumer food literacy. Food literacy is comprehensively defined
as “the scaffolding that empowers individuals, households, communities or nations to protect
diet quality through change and strengthen dietary resilience over time” (Thompson et al.,
2021). Stinson (2010) described food literacy as "the ability to deeply understand the complex
environmental and social factors of food in everyday life." Cullen et al. (2015) described
it as "the ability to develop a positive relationship with food and individual skills
and behaviors in the context of a complex food system" and "the ability to make sustainable
and proper decisions with respect to various factors of the food system." According to current
studies, the concept of food literacy has expanded from knowledge of nutrition and health
information to ethical and environmental aspects (Vidgen and Gallegos, 2014; Ronto et al.,
2016). The main reasons why people practice ecological dietary behavior are not only
to protect their own health and safe food systems, but ultimately to achieve global
sustainability goals for the needs of future generations (Osbaldiston and Schott, 2012; Wang,
2016). The term ecological dietary behavior is therefore often compatible with pro-
environmental or sustainable food consumption and has become a significant topic since
people realized that environmental issues are directly related to survival of humankind
(Guyonard et al., 2021). It has been confirmed that people who achieve a high level of food
literacy strive to develop healthy dietary habits and apply ecological dietary behavior
in their everyday lives (Rosas et al., 2022; Poelman et al., 2018; Meyer et al., 2021).

Due to the easy availability of food, a wide range of products, and massive food production,
food waste has become one of the major sustainability issues today. It is expected that by
2050, the amount of food waste will be more than double compared to the present (Hic et al.,
2016). Food surplus and waste are key problems affecting economic and environmental
sustainability (Richards and Hamilton, 2018). The global food system consumes enormous
resources to satisfy consumers” demand for food, significantly contributing to environmental
impacts (Springmann et al., 2018, Willet et al., 2019). Higher food quality is associated
with greater food waste, resulting in significant amounts of wasted resources and greenhouse
gas emissions (Conrad and Blackstone, 2021). Food waste has made it difficult to align
sustainable social development and environmental sustainability with economic principles.
This is the reason why the sharing economy will play a crucial role in achieving food sector
sustainability and is considered as a fundamental approach promoting environmental
sustainability and economic conditions effective way in (Morone et al., 2017).

The thematic of responsible decision-making in food purchases and responsible nutrition
is currently a significant societal topic. Therefore, the aim of this article is to evaluate
and verify the impact of "education" on selected aspects of responsible behavior of Czech
consumers in food purchase and consumption.
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2. Materials and Methods

In the article, ecological behavior in food purchase and consumption is evaluated based
on a statistical analysis of a data matrix (n = 821) from the most recent quota sample survey
on Food from 2022 conducted by the Public Opinion Research Centre (2022), Institute
of Sociology of the Czech Academy of Sciences. Comparison of trends and attitudes over
time was made based on survey from the previous year 2020 (n = 979). The surveys represent
the population of the Czech Republic aged 15 and over. Questions and statements were
categorized into the following five dimensions: ethical, environmental, purchasing
and consumption behavior, food preparation, and the impact of expiration date. The article
focuses on selected aspects of the purchasing behavior dimensions and the environmental
dimension in relation to the respondents' education. The data collection method used was
a standardized interview. The data collection was conducted by trained interviewers
from the the Public Opinion Research Centre interview network. Respondents were selected
using a quota sampling method to ensure representativeness. According to Reichel (2009),
quota sampling is a typical non-probability sampling method and is commonly used in public
opinion surveys. Its principle guarantees the necessary representativeness of the sample.
The quota characteristics of the respondents were gender, age, and education. The quotas
were set based on data from the Czech Statistical Office (2023a).

The survey results were presented by relative frequencies of responses to selected questions
and visualized by graphs of interactions between frequencies. The Pearson's x*test (chi-
squared) test was used to verify the influence of the "education" factor on conscious shopping,
opinions, and attitudes of Czech consumers.

2 n(ad—bc)?

2
2 _yr ys  (Mj=Mo))
X = Gry@robrderd P AT i=12j=1 @)

noj

The level of correlation was assessed based on the coefficient of association:
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To assess the impact of university education, in selected cases, the odds ratio was used
to summarize the relationships between associated frequencies.

and Cramer V:
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TIBCO Statistica 14.0.0.15 software for Windows was used for statistical analysis.
The significance level was set to 0.05.

3. Results and Discussion

Purchasing food is a significant item in the budget of Czech households. According
to the Czech Statistical Office (2023b), in 2021, expenses on food (excluding restaurants
and alcoholic beverages) represented more than one-fifth of all consumer expenditures
of households; in households with pensioners without working members, it was nearly
one-fourth.
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Based on the analysis of data obtained through surveys conducted by the Public Opinion
Research Centre (2022), it is emerged that for respondents, and consequently for the Czech
public, the most important aspect when buying food is unquestionably its price (see Figure 1),
identified as the key decision making factor indicated by more than half (51%)
of respondents.

About one-fifth (21%) of respondents consider the composition of the food to be the most
important factor when shopping for groceries. Respondents chose the origin of the food
as the third most important factor, followed by package size with an average value of 3.44
(on a scale of 1 to 6, where 1 is the most important and 6 is the least important). People do not
attach much importance to the remaining two factors - the method of animal
husbandry/cultivation of food or its raw materials, and packaging material. This is especially
valid for packaging material, which was identified as the "least important" factor by 43%
of respondents.

Figure 1. Importance of main factors when buying food in 2022 - distribution of responses; n = 705
(only those respondents who buy food)

Price [1.98]

Ingredients [2.74]

Origin [3.27]

Package size [3.44]

How food/ingredients grow/raised [4.57]

Packaging material [5.01]

0% 20%  40%  60%  80%  100%

W] =mostimportant B2 03 O4 OS5 B6= leastimportant

Source: own processing; data - Public Opinion Research Centre (2022), Institute of Sociology, Czech Academy
of Sciences, ‘Food’ 2022; respondents over the age of 15; face-to-face interviews
Pozn.: V zdvorce uvedeno primérné poradi (viz hodnoceni na skdle 1 aZ 6)

The comparison over time shows the ranking of factors importance when shopping for food
between 2020 (Public Opinion Research Centre, 2020) and 2022 (Public Opinion Research
Centre, 2022) has not changed, however, there is a slight increase or decrease
in their importance year-on-year. Compared to the results from the previous survey, there has
been an increase in the importance of price (average score of the importance of price in 2021
= 2.31), which may be related to the current economic situation (inflation, energy crisis).
For other factors, the shifts were not as significant.

A influence of education on the importance of price, composition, and package size was
demonstrated (see Table 1). The relationship can be considered statistically significant
and weak with 95% reliability. Dimitri and Dettmann (2021) confirmed that education has
a strong impact on the likelihood of purchasing organic food, which can be considered
a category of products with a responsible approach.
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Across educational categories (basic and secondary education without graduation; secondary
education with graduation, tertiary education), no difference in the assessment
of the importance of these factors has been demonstrated: origin; how food/ingredients are
grown/raised and packaging material. This can be explained, for example, by the fact
that the place of production origin is equally significant for all groups of shoppers in the case
of food, and similarly, how food/ingredients are grown/raised and packaging material.
The research by Walaszczyk and Galinska (2020) also arrived at the same result of negligible
impact of education on the influence of product origin and production method. The study by
Stavkova et al. (2007) also demonstrated a low or negligible impact of packaging.
Furthermore, people in the Czech Republic generally do not attach great importance to these
aspects when purchasing food (see Figure 1 and Table 1).

Table 1. The results of dependance test related to importancy of different shopping factors on education level
(n =705, only those respondents who buy food)

Various factors people .take into consideration 2 DF p-value Cramér’s V
when shopping for food

Price 31.4425 12 0.0017 0.1484

Ingredients 35.6909 12 0.0004 0.1581
Origin 13.1871 12 0.3556 -

Package size 27.4511 12 0.0067 0.1387
How food/ingredients grow/raised 17.8509 12 0.1203 -
Packaging material 9.6054 12 0.6505 -

Source: own processing; data - Public Opinion Research Centre (2022), Institute of Sociology, Czech Academy
of Sciences, ‘Food’ 2022; respondents over the age of 15; face-to-face interviews

Furthermore, as indicated by the analysis of data obtained through surveys conducted
by the Public Opinion Research Centre (2022), Czechs mostly buy food (regularly
or occasionally) at hypermarkets/supermarkets (97%), smaller shops (92%), or specialized
stores such as butchers or bakeries (86%). Other options are less common, as only half,
or fewer respondents regularly shop there. Half (50%) of those surveyed regularly
or occasionally go to the regular market, 42% to a farm shop or healthy food store, and 42%
to a farmers' market. A third (33%) of people also occasionally buy directly from growers
and breeders. 20% of respondents stated that they regularly or occasionally use online
shopping (an increase of 5% compared to 2020). Only 15% of people occasionally shop
in a packaging-free store.

Moreover, the findings from the 2022 public opinion survey (Public Opinion Research
Centre, 2022) further indicated, that for over half of the respondents (51%), the impact
of food production on the environment is important when buying food, while for 47% it is not
important. According to Smith and Paldino's findings (2010), concerns about the environment
lead to positive attitudes towards sustainable food. The remaining 2% of respondents were
unable to answer and chose the option "don't know". The importance attached to the impact
of food production on the environment when purchasing food has not changed in recent years.
Statistical analysis of the data also showed that respondents have a clear opinion (agree
or disagree) on all statements related to environmentally friendly behaviour when buying
and consuming food. A relatively small proportion of respondents always chose the neutral
option ("neither agree nor disagree").
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Further testing has shown a statistically significant relationship between attitudes towards
the importance of the environmental impact of food production and the education level
of respondents (y2 = 25.1505; DF = &; p = 0.0015; V = 0.1253), as shown in Figure 2.
The largest difference between education categories was in the frequency of choosing
the answer "not very important”. As the level of education increases, the proportion
of respondents for whom the environmental impact of food production is “definitely”
and “rather important” when shopping for food increases. As indicated by the odds ratio value
- OR = 2.0847, highly educated individuals consider the impact of food production
on the environment twice as important when shopping for food as those with lower levels
of education.

Figure 2. Interaction plot - Dependence of the environmental impact of food production importance
on the education level of respondents - distribution of answers; n = 705 (only those respondents who buy food)
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Source: own processing; data - Public Opinion Research Centre (2022), Institute of Sociology, Czech Academy
of Sciences, ‘Food’ 2022; respondents over the age of 15; face-to-face interviews

The Public Opinion Survey Research Centre (2022) conducted in 2022 further revealed,
that as beneficial activity with positive impact on environment can be considered fact,
that Czechs mostly bring their own bags when shopping (at least occasionally 91 %).
This means that a large portion of shoppers are aware that one way how to contribute
to the environment friendly behaviour is to manage packaging and try to regularly use their
own bags for shopping. These results correspond with a study (Tobler et al., 2011), which also
found that consumers believe that the strongest impact on the environment is avoiding
excessive packaging. 84% of respondents prefer food locally produced in the Czech Republic.
The relationship between knowledge of food origin and ecological dietary behaviour was
confirmed by Perry et al. (2017).
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The data from the Public Opinion Research Centre (2022) show, that about 70%
of respondents at least occasionally avoid single-use plastic packages and use their own
reusable bottles for drinking. Just under three-fifths of respondents said they at least
occasionally prepare food in their own boxes (58%). A third (33%) of respondents at least
occasionally buy fruits and vegetables in so-called "endless bags". All environmentally
friendly activities related to the purchase and consumption of food are more commonly
performed by women and mostly by people with higher education levels. The finding
of a higher level of food literacy among women compared to men is confirmed by Sponselee
et al. (2021). Krause et al. (2018) argues that food literacy is also related to higher education
levels.

Regarding the time comparison (see Table 2), there has been a shift in most items compared
to the 2020 survey of the Public Opinion Research Centre (2020), particularly observed
is an increase in the proportion of those who engage in these activities at least occasionally.
The highest increase (by 21%) was observed in the use of their own reusable bottles
for drinking, while the proportion of those who prefer food produced in the Czech Republic
increased by 7%, as did the proportion of those who prepare their own food in their own
boxes.

Table 2. Changes in environmentally beneficial activities related to food purchase and consumption.
in CR 2020 - 2022

Environmentally friendly household behaviours 2020 [%] 2022 [%] Difference
I use own bag for shopping 85 91 +6
I prefer food localy produced in CR 77 84 +7
I avoid single-use plastic packages 65 71 +6
I prefer use of own reusable bottle for drinking 48 69 +21
I prepare my own food in own boxes 51 58 +7
I buy fruits and vegetables in so-called "endless bags" 38 33 -5

Source: own processing; data - Public Opinion Research Centre (2020, 2022), Institute of Sociology, Czech
Academy of Sciences, ‘Food’ 2020 and 2022; respondents over the age of 15; face-to-face interviews
Note: The values in the table represent the sum of responses "always" + "often” + "sometimes". The calculation

"o

to reach 100% includes responses "rarely"”, "never" and "don't know".

The Conscious food purchasing, and consumption is closely related to food waste. Currently,
it represents a significant global challenge with has environmental, economic, and social
impacts (Sujita et al., 2023; Some et al., 2022). The topic is transformed to one of the United
Nations Sustainable Development Goals - to halve per capita global food waste at the retail
and consumer levels and reduce food losses throughout the entire production and supply
chain, including post-harvest losses, by 2030 (FAO, 2011).

Furthermore, as indicated by the analysis of data obtained through surveys conducted
by the Public Opinion Research Centre (2022) revealed that, nearly half (47%)
of the respondents consider food waste to be a major problem, according to another 44%, food
waste is not right, but there are more pressing issues that need to be addressed, and only less
than a tenth (9%) of the Czech public does not see food waste as a societal problem.
Compared to the survey from 2020 of the Public Opinion Research Centre (2020), there has
been a slight increase (5%) in the proportion of those who consider food waste to be a major
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problem, and conversely, a decrease (5%) in the proportion of those who do not consider food
waste to be a societal problem.

Attitude towards food waste is related to the shopping location. The data from the Public
Opinion Research Centre (2022) show, that the respondents who regularly shop at farmers'
markets, farm stores, directly from growers or breeders, or at zero-waste stores were more
likely to lean towards the opinion that "food waste is a big problem." The same opinion was
also more often expressed by women (56%; men 37%), people over 55, and people
with university education (58%). The results of previous studies show that age (Janssen,
2018), gender (Budhathoki and Pandey, 2021), and education (Teng et al., 2011) are directly
related to consumers' attitudes towards food handling. The dependence of the attitude towards
food waste on education is, based on the Public Opinion Research Centre (2022), statistically
significant (¥2 = 19.0954; DF = 4; p = 0.0008; V = 0.1081). The largest difference between
educational categories of respondents was in the frequency of choosing the answer "Food
waste is wrong, but there are more urgent problems that need solving," as shown in Figure 3.
The proportion of respondents who consider food waste a big problem increases with the level
of education.

Figure 3. Interaction plot — Dependence of attitudes towards food waste on respondents' education level —
distribution of answer; n = 817
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Source: own processing; data - Public Opinion Research Centre (2022), Institute of Sociology, Czech Academy
of Sciences, ‘Food’ 2022; respondents over the age of 15; face-to-face interviews
Note.: No answer ,,don’t know* = 4 respondents

While evaluating specific reasons of reducing food waste, respondents of the Public Opinion
Research Centre (2022), value household financial savings as the most important
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(77% of respondents). More than half (53%) of those surveyed consider time savings, which
would have been spent on food preparation or shopping, to be important. Additionally,
52% see reducing food waste as beneficial for the environment (the main reasons are
summarized in Figure 4).

Figure 4. Importance of main reasons of reducing food waste in 2022
(Distribution of answers); n = 821

Personal experience

Social responsibility

Global social responsibility

Everyday social responsibility

Social reasons

Environmental reasons

Saving time

Saving money

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Every important B important [@somewhat important [ notimportant @don't know

Source: own processing; data - Public Opinion Research Centre (2022), Institute of Sociology, Czech Academy
of Sciences, ‘Food’ 2022; respondents over the age of 15; face-to-face interviews

The importance of reasons for reducing food waste is associated with education, as shown
in the results of the dependency testing in Table 3. In the case of the highest level of education
achieved, there were no differences except university educated individuals more often agree
with the statements "I think throwing food away is not environmentally friendly" and "I feel
guilty about waste production in general."

Table 3. Results of testing the dependence of reasons for reducing food waste on education (n = 821)

Reasons for limiting food waste 1 DF | p-value | Cramér’s V
Saving money: it's possible to save money 12.4107 8 0.1338 -
Saving time: not spending time preparing wasted food 9.9734 8 0.2669 -
Environmental reasons: food waste is bad for the environment | 21.9054 8 0.0051 0.1157
Social reasons: there are people who have nothing to eat 7.4306 8 0.4910 -
Everyday social responsibility: set an example for others 11.3574 8 0.1823 -
Global social responsibility: our role in producing waste 26.7403 8 0.0008 0.1279
Social responsibility: a chance to influence society 10.5274 8 0.2299 -
Personal experience: have personally experienced having not 13.2292 3 0.1042 i
enough food

Source: own processing; data - Public Opinion Research Centre, Institute of Sociology, Czech Academy of
Sciences, ‘Food’ 2022; respondents over the age of 15; face-to-face interviews

Most of the respondents, based on the Public Opinion Research Centre (2022), specifically
more than four-fifths, agreed with the statement "when 1 prepare food, I make sure to use
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everything that can be used." Approximately two-thirds of surveyed consider "packaging
of food as bigger problem for the environment than wasting food." Approximately three-fifths
of respondents are aligned with statements such as "I feel guilty when I waste food"
and "the amount of food wasted concerns me because it requires a lot of resources for its
production, processing, packaging, and transportation."

In the case of the highest achieved education level, there were no differences recorded, except
agreement of university educated individuals with statements such as "I feel guilty when
I waste food" and "I am concerned about the expenses for food that I throw away", while they
more often disagree with two items related to the environmental dimension, namely "when
wasting food, I don't think about its impact on the environment" and "food waste is not
a problem for the environment because it is biodegradable".

It is possible to state that education is a statistically significant factor of on ecological eating
behaviour. The importance of environmental education towards environmentally conscious
food purchasing and consumption behaviour has been also documented by Alam et al. (2023).
Studies such as Rowat et al., 2021 and Slining et al., 2013 confirm that the approach to food
consumption in terms of its environmental impact is closely correlated with the level
of education achieved. Food literacy is a fundamental element in addressing issues related
to eco-friendly purchasing behaviour and its impact on food consumption (Rowat et al.,
2021).

4. Conclusion

The study focused on the evaluation of the Czech population's food purchasing
and consumption behaviour. Some aspects beneficial for the environment and related to food
purchase and consumption were evaluated in relation to the level of education.

The results of a conducted study show that for Czech consumers, economic aspects (price
is the key decision making factor indicated by more than half (51%) of respondents)
and qualitative aspects (about one-fifth (21%) of respondents consider the composition
of the food to be the most important factor when shopping, origin of the food was the third
most important factor) play a major role when purchasing food. Ethical and environmental
aspects are less important and the Czechs rank them 4-5th in the order of importance.
At the same time, for a majority of respondents, it is important to consider the environmental
impact of the food they purchase (51% respondents) . As the level of education increases,
the proportion of respondents who consider the environmental impact of food production
as definitely or rather important during food shopping also rises. Highly educated individuals
consider the impact of food production on the environment twice as important when shopping
for food as those with lower levels of education. Detailed analysis further reveals
that environmentally beneficial activities related to food purchasing and consumption are
more frequently undertaken by women and individuals with higher education levels.

Nearly half of the surveyed Czechs (47%) view food waste as a serious issue. It has been
demonstrated that attitudes towards food waste are influenced by shopping preferences.
Respondents who frequently visit farmers' markets, farm stores, purchase directly
from growers or breeders, or shop in packaging-free stores were more inclined to perceive
"food waste as a major problem." Similarly, women (56%) and individuals with higher levels
of education (58% people with university education) expressed this point of view
and approach more frequently. More than half (52%) of surveyed considersee reducing food
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waste as beneficial for the environment. The importance of reasons for reducing food waste
is significantly associated with education - university educated individuals more often agree
with the statements "I think throwing food away is not environmentally friendly" and "I feel
guilty about waste production in general."

It is possible to state that education has a significant influence on some aspects of food
purchase and ecological eating behaviour of the Czech population.
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Annotation: Human capital is essential for the effective functioning of the economy.
But it is directly influenced by the environment in which, or with which, a person interacts.
This also applies to the operation of computers, machines, etc. The interface (HMI) of modern car
infotainment is also a basic system that modern humans commonly operate. Particularly
for professionals who spend thousands of hours on the road, clear, intuitive, and most importantly,
safe operation of these elements is essential. With a poorly implemented HMI, the driver cannot
concentrate on the activities associated with operating the equipment and cannot pay sufficient
attention to driving. This can lead to distraction and a potential incident. In addition, interaction
with a poorly designed environment leads to increased fatigue and, again, increased inattention.

The HMI design of digital car infotainment and its subsequent evaluation in terms of User
Experience methods and safety in simulating vehicle operation on the highway was the subject
of the study presented in this paper. In the evaluated infotainment prototypes, the results
demonstrated that the graphic style and layout of the individual controls might negatively affect
driver distraction from driving. Through user testing to verify user acceptance, several suitable
control layout options were identified that can reduce driver distraction from driving the car.
The general finding of this paper is the need to optimize and mutually balance user-friendliness,
clarity, and efficiency of the HMI interface, especially concerning the safety of use. User-testing
the prepared prototypes resulted in a specific infotainment design that achieved the best results
in measuring driver distraction and the most positive user ratings.

In addition, laboratory testing in the environment of a personal car has shown the suitability
of the applied method for the environment of professional drivers, e.g., truck drivers, messengers,
delivery drivers, etc.

Key words: UX, infotainment, UI design, HMI, distraction, laboratory testing, user-testing

JEL classification: L62, 032, L86

1. Introduction

With the increasing technological development in the automotive industry, we can face
the issue of compromise between the use of modern technologies and driver safety,
where attention can be diverted from driving the car to controlling the touch screen located
on the dashboard of the infotainment. The interface (HMI) of modern car infotainment
is a basic system that modern humans commonly operate. Particularly for professionals,
including agricultural drivers, who spend thousands of hours on the road, clear, intuitive,
and most importantly, safe operation of these elements is essential. With a poorly
implemented HMI, the driver cannot concentrate on the activities associated with operating
the equipment and cannot pay sufficient attention to driving. This can lead to distraction
and a potential incident. In addition, interaction with a poorly designed environment leads
to increased fatigue and, again, increased inattention.

This paper presents the results of a study on road safety research. Specifically, it examines
the distraction effects of personal vehicle drivers working with an infotainment car system
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on the simulator and explores the possibilities for the eventual implementation of a new
simulator with a focus on professional drivers. A partial objective of the study is also
to determine whether it is appropriate to further develop the applied procedure to the field
of agricultural machinery.

Infotainment is part of an automobile or any other vehicle (automotive) HMI (Human
Machine Interface). HMI defines Stoufer et al. (2020) as "The hardware or software through
which an operator interacts with a controller. An HMI can range from a physical control
panel with buttons and indicator lights to an industrial PC with a color graphics display
running dedicated HMI software". These solutions include navigation system touchscreens,
voice-enabled vehicle infotainment clusters, the steering wheel, buttons, displays, and driving
assistance tools that enable people to understand in-car technology, operate their vehicles
safely, and feel comfortable and in control as self-driving becomes more widely available.
Even autonomous and electric vehicles cannot achieve mass customer adoption unless OEMs
get HMI development right (Debkaliuk, 2022).

The automotive HMI can include a front-facing display (FPK), a head-up display (HUD)
and a central display (ABT), which is mainly known as infotainment (Bauerfeind et al., 2017;
Meixner and Christian, 2017). The whole system can be extended using digital mirrors (Babu
et al., 2022).

Figure 1: Automotive HMI layout

HUD

FPK

Source: own processing, (Bauerfeind et al., 2017)

The entire automotive HMI including infotainment system should therefore be designed
with the principles of HCI (Human-centered design) in mind, which are defined
by International Organization for Standardization (2019) as "An approach to interactive
systems development that aims to make systems usable and useful by focusing on users, their
needs and requirements using human factors or ergonomics, knowledge and usability
techniques". The infotainment prototype we used in our research was also built
on this principle, as will be apparent later in this paper.

Concerning the automotive HMI (HMI in cars), the European Union has developed its
recommendations (European Union, 2008). This document is made up of three general design
principles on the human—machine interaction and 32 principles that cover the areas of system
installation, information presentation, interaction with screens and controls, system behavior
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and information about the system focuses on safety aspects that must be considered
for the design of HMI of car infotainment systems (Alarcén et al., 2022).

In many non-automotive industries, the user's primary role is interaction with computers
or smartphones, respective to their UL In these cases, users can devote their cognitive
capacity entirely to interacting with the HMI resp. UI and focus less on their surroundings.
As Debkaliuk (2022) Bauerfeind (2017) and Meixner (2017) concur compared to this way
of interaction, in a typical automotive setting, users must simultaneously drive their car, stay
in their lane of traffic, watch their speed or react to the current traffic situation while working
with technology. Less attention can be given to selecting targets or changing radio stations.
This is a fundamental difference of an automotive HMI from other HMIs that should be kept
in mind during its development because the interaction with automotive HMI can result
in distraction related to driving e.g., following a map on a GPS or in not related to driving
e.g., changing radio volume (Francois et al., 2016).

Although it may seem that the concept of driver distraction is well established, this is not
the case. The concept of driver distraction is not used identically in many studies.
In the review article Regan, Hallett and Gordon (2011) focused on comparing these studies
and proposed a summary definition in the form of: "Insufficient or no attention to activities
critical for safe driving", which we also lean towards in our research. Moreover, this study
(Regan, Hallett and Gordon, 2011) understands driver distraction as a specific part
of inattention.

According to a study for the European Commission (2015), driver distraction plays a role
in 10-30% of all accidents on European roads. According to NHTSA (2021), in 2019 alone,
3,000 people died and 424,000 were injured in distracted driving-related crashes (2021).
One of the reported causes of distraction is interaction with infotainment systems. As a result,
designing systems aimed at reducing driver distraction is crucial in the automotive context.
The interaction design must be clear, reliable, and consistent, and the modalities must be
appropriately chosen for the task and the user. The user must not have any doubts or questions
about interacting with the system. These aspects become even more important
with the increasing complexity and variety of automotive HMI functions.

In his book chapter Leplat (1981) points out that the quality of an automotive HMI design
partly, but not insignificantly, determines the driver's ability to perform the primary driving
task while using the in-vehicle devices. In general, various internal and external factors can
affect the quality of driver interaction. Internal factors affecting driving are driver
characteristics (e.g., experience level, motivation, age, emotional state, and time pressure).
External factors include contextual features (e.g., level of emergency, consequences
of the action performed, and lighting conditions), and then characteristics of the interface
itself (e.g., ease of use, menus in the interface, the approach used, colors, and voice
recognition).

In terms of our study, it is also necessary to mention the term UX (User Experience).
This concept is defined by ISO 9241-210:2010 (2019) as "person's perceptions and responses
resulting from the use and/or anticipated use of a product, system or service". User experience
is a consequence of brand image, presentation, functionality, system performance, interactive
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behavior and assistive capabilities of the interactive system, the user's internal and physical
state resulting from prior experiences, attitudes, skills and personality, and the context of use.
Determining the level of UX and usability, defined by International Organization
for Standardization (2018) is done using specific tests and measurements (Moran, 2019; Tullis
& Albert, 2013), which we also used in our study.

2. Materials and Methods

The primary motivation for our research was the rather worrying results presented by IAM
RoadSmart (Ramnath et al., 2020). This study sought to understand the impact of interaction
with mobile infotainment systems on driver performance. It also compared the results
with other forms of driver distraction. Two replicate measurements were conducted
with Android Auto and Apple CarPlay to obtain data on driver performance. The results
of their research show that the latest in-car infotainment systems are more distracting
than texting, or even drinking alcohol, or consuming marijuana. The Figure 2 below shows
the percentage change in reaction time for different driver distractions compared
to the reaction time when driving without distractions. Compared to distraction-free driving,
reaction times showed an average increase of 57% and 53% when playing music via Spotify
using the touch function on Apple CarPlay and Android Auto, respectively. The results
of their study show that working with the Spotify app has almost a quarter higher distraction
effect for touch interface control - Android Auto Music (Voice), about 53% compared
to voice control - Android Auto Music (Voice), about 30%, but this distraction is significant.

Figure 2. Comparison of changes in reaction time due to different driving

100%
90%
80%
£
s 70%
E
=
g oo
o
@
&2 50%
2
£ a0%
E
=
3 30%
E
20%
- I I
0%
Apple Android Handheld Apple Texting Android Handsfree Cannabis  Alcohol
CarPlay Auto Music CarPlay Auto Music
Music App App (Touch) Navigation App (Voice)
(Touch) (Voice)

Source: Ramnath et al., 2020

Our study was conducted sequentially in two steps, and in this paper, we focus mainly
on the second part, which involved testing in the laboratory. Nevertheless, we briefly outline
below the process by which the testing infotainment layout was created.
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The First step — infotainment design

The first step was to create an HMI, specifically an infotainment system using HCI methods
and techniques as described in International Organization for Standardization (2019).
We also focused on three basic criteria for automotive HMIs defined by Francois et al.
(2016): usability, distraction and adoption. These three criteria cover the main general
methods of measuring interface quality in the existing literature. While usability is the most
widely used criterion for evaluating interfaces, driving safety and user acceptance may have
critical implications for automotive HMIs due to the specific context of its use. Adopting
HMIs is essential because accepted devices are more likely to be used by drivers. If interfaces
do not match drivers' mental models and expectations, they can lead to misuse, potentially
dangerous situations, and system rejection (Maltz, 2007). More detailed and specific models
of the ergonomic quality of an automotive HMI exist in the literature - e.g., Harvey et al.,
(2010); Solman, (2002), but these can be subsumed into the three more general categories just
mentioned (e.g., measured error rate, task length, or deviation from driving speed).

Based on the research of existing methods of creating digital dashboards and their UX
characteristics, together with the definition of factors influencing the creation of HMIs,
we created several variants of user-friendly HMIs. The design of the infotainment interface
was inspired by solutions based on global automotive brands as well as companies that were
impressed with their solutions presented in the Car HMI Europe Award, 2022.

In total, 5 different graphic designs were created. Each design is based on touchscreen designs
already in use, but at the same time these designs are not an exact copy. It is clear, however,
that each of the automotive brands based their concepts on some research and experience
to satisfy most of their customers. So, designing an infotainment design from scratch would
be counterproductive and very time-consuming. Although the designs differ mainly
in the graphic style used, color palettes, icon sizes and font style, they all have a few common
elements. Still, these may appear in different places and in various forms within a given
concept.

Semi-functional prototypes were created from the graphical designs and tested online using
a usability testing tool using the Click test method, which was evaluated based on a task
in which the participant had to track the current consumption of the car. After filtering out
incomplete or obviously erroneous interpretations, 71 participants took part in the testing.
Alongside this testing, the testing participants also rated the level of design used on a scale
of 1-10.

- Did you find the graphic style intuitive and logically organized?
- Did you find the graphic style clear and not confusing?
- Did you find this graphic style attractive? Did you like it?

For example, concept 1 was considered by respondents to be modern, visually friendly,
and intuitive. Negative responses to this graphic style were minimal.

From the heat map of the click test answers, Figure 3, after filtering out the obvious wrong
answers most respondents clicked in the right direction (left part of the concept), but
at the same time, the time to find the function is quite large - 20 seconds. This suggests
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that the concept is not very intuitive when searching for a particular function - this could be
solved for example by icon labels.

Figure 3. Example of Click tracking Heat Map
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All 5 main graphic concepts were evaluated and tested in this way. Subsequently,
the 3 concepts that achieved the best overall rating concerning both user preference and time
taken to complete the task were selected. By the way, the concept with the best overall user
rating was not identical to the concept with the shortest, so the best click test time score.

These 3 concepts were reworked into functional prototypes in terms of HMI. The primary
objective was to allow the user, the participants of the testing, a more complex browsing
experience so that the user would not have too simple tasks, but that a truly full-fledged HMI
testing would occur. It was therefore necessary to also design the list contexts, the list items
and the way to move between them. In total, we developed 23 different screens for each
of the three concepts. In total, there are 69 contexts where the user can click during testing.
To this must be added one menu design and 5 pop-ups that are common to all concepts.

The distribution of graphic elements according to were divided as follows:

- "Homescreen" context - 1 screen

- "Car" context - 3 screens

- "Connection" context (Appconnect/Smartconnect) - 5 screens + 1 pop-up
- "Settings" context - 4 screens + 1 pop-up

- “Media” context - 3 screens

- “Navigation” context - 4 screens + 1 pop-up

- “Charging” context - 3 screens + 2 pop-ups

During the transition between contexts, several interactions can be set up as to when and how
a particular transition should occur.

There are several ways to trigger the transition:

- When you click on the desired element (On click).

- When dragging an element (On drag).

- While hovering over the element.

- While pressing the element, i.e., holding the click (While pressing).
- While pressing the keyboard (Key/Gamepad).
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- While moving the mouse in different directions (Mouse enter/leave/down/up).
And how the actual transition is to take place were selected from the following:

- Navigate to - full transition, screen swapping.

- Change to - this transition is used when changing the variant of a component.

- Open/Swap/Close Overlay - this transition is often used for pop-ups when the original
screen overlaps.

- Back - return to the previous screen.

- Move to (Scroll to) - for scrolling in the sheet.

- Open link - to move to another link.

For the transition animations themselves, we have set the transition property in addition
to the duration and method of execution (linear, along different curves, etc.):

- Instant - virtually no visible transition is performed.

- Dissolve - simply "dissolve" one screen into another.

- Smart animate — used Figma software tool can identify common elements with another
screen based on the screen structure and animate only those elements that are different.
Or automatically evaluate which animation is best for a given element.

- Move in/out - move to or from a given screen. Different movement directions can be
set.

- Push - push one screen out with another.

- Slide in/out - to slide out, for example, a pop-up window, also can be set in different
directions.

After connecting all the screens and setting their transitions, it is necessary to set the starting
point at which the user, the participant, will start after running the prototype created. Although
there may be several of them, we set this entry point to the home screen for all participants.

The Second step — laboratory testing

These 3 described infotainment prototypes were subsequently tested from the usability point
of view in the UX laboratory, using quantitative and qualitative methods, emphasizing
measuring the driver's distraction when performing tasks on the touch screen while driving.

The Usability Laboratory testing with users was generally based on a usability evaluation.
Specifically, we used two well-established methods. The primary method we used was User
Task Scenarios as defined by Moran (2019). These scenarios were divided into several sub-
steps, i.e. individual tasks. The second method used was the UX method Think-aloud.
According to Prokop (2020) recommendation we specifically applied Retrospective think-
aloud (RTA). This procedure avoided any contact between the researcher and the participant
and possible interference with the driving. Therefore, this method was used immediately after
the end of the test run in the simulator to verify the identified problems and the user's feelings.
This method was supplemented by a guided interview with 20 set questions. Prior
to the actual testing, participants completed an initial questionnaire focusing on participant
identification, gender, driving license ownership, experience using touchscreens, relationship
to technology, and a breakdown of preferred car features. After the interview, participants
also completed a Final Questionnaire, where they rated the strength of preference for each
concept using a Lickert scale (1 to 7). The questionnaire scales cover a comprehensive
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impression of the user experience. Both classical usability aspects (efficiency, clarity,
reliability) and user experience aspects (originality, stimulation) are measured. The result was
a comprehensive database based on both quantitative and qualitative research.

As stated earlier, the primary motivation for undertaking this research was the 1AM
RoadSmart research report by Ramnath et al. (2020). Specifically, we were inspired
by the analysis of deviation in lane position during driving when the participant performs
assigned tasks by working with the infotainment. In their results, analysis of deviation in lane
position showed large variations in lane position for the touch drive, compared with control,
while performing the music, texting, and calling tasks using both infotainment systems.
There was also a significant increase in deviation of lane position for the voice drive while
performing the texting and calling tasks using Apple CarPlay. Controlling the vehicle’s
position in the lane and keeping a consistent headway to the vehicle in front suffered
significantly when interacting with the systems, particularly when using touch control
(Ramnath et al., 2020). How can a professional driver who clicks through a list of packages
for the following address while driving be paying attention?

The usability testing took place in the UX laboratory of Digiteq Automotive s.r.o., which has
been focusing on testing and developing electrical and software systems for cars since 2001.

The UX lab consists of a driving simulator, i.e., a seat, steering wheel, pedals and three
connected screens on which the virtual environment is projected. The overall simulation runs
on a total of three computers. One operates a virtual 3D highway environment created
in the Unity engine. Then one computer for controlling and collecting data
from the simulation and the last computer has the role of a server, which also operates a touch
tablet for HMI designs and an FPK monitor for the dashboard display behind the steering
wheel (displaying the current speed).

The 3D virtual environment consists of a model of a motorway with two lanes and one
breakdown lane in each direction, with the two directions separated by barriers. Furthermore,
the environment consists of a petrol station model, which acts as the start and end point
of each journey. The entire virtual scene is complemented by trees around the road and road
signs to simulate the real environment as much as possible. The driving takes place
on a dynamically generated highway shaped like a sinusoid. So, it's not a straight road,
but it is always slightly curved in or out. This is so that the user must correct the driving itself
and pay close attention to the steering. This road is infinitely long; testing only ends when
the user has tested all the necessary tasks. Only then is a model of a gas station generated
at which the test respondent can stop.

Research and data collection

Seven tasks were prepared for testing, with varying difficulty and the number of clicks
to complete. Respondents learn the testing task through an audio system where an audio was
recorded with the wording of the task communicated by a female voice using artificial
intelligence.
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Figure 4. UX lab environment with a simulator

Source: own processing

The tasks were as follows:

Check the tire pressure.

Increase the temperature on the driver's side by 1 degree.

Go to Navigation and stop the current navigation. Set the new route to "Work".
In the media, start listening to "Radio Brno".

In the Android Auto Connection context, pair the device with your Samsung S31.
In the Charging context, navigate to the nearest charging station.

In Settings, change the language to German.

As in one of the lines of research conducted by Ramnath et al. (2020), we focused
on evaluating the car's position in the lane.

Figure 5 describes how to read the generated driver distraction plots. The turquoise line shows
the trajectory across the car's width during the task. The driving lane is 3.75 meters wide. The
car is 1.6 meters wide. There is a space of 1.075 meters on each side to the edge of the lane.

Figure 5. Principle of driver distraction measurement
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The example below shows, how the participant completed the task in 4.5 seconds
and deviated by about 0.3 meters during the run.

Figure 6. Example of a driver distraction measurement record
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- A green line means the participant has completed the task in the correct lane.

- The orange line shows cases where the participant has left the lane while performing
the task.

- A red line shows failed attempts where the participant did not complete the task
within the 25-second time limit.

Figure 7. Example of a diagram of a driver's journey while performing a task
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Note: Task assignment - In the "Charging" menu, navigate to the nearest charging station.

3. Results and Discussion

In the driver distraction test, Concept 2 scored the best rating. This concept dominated all
the monitored statistics.
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Figure 8. The average deviation from the trajectory
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Figure 9. Average speed

Figure 10. Average task time
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Figure 11. Average first-click time
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Figure 12. The average number of clicks during the ride
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