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Abstract

It is widely accepted that the usage of the personal computer and the Internet can im-
prove efficiency in the agricultural sector. Despite the fact that Information and Com-
munication Technologies (ICTs) have evolved rapidly, the farmers are lagging behind
in the use of ICTs. This study examines the factors that affect the usage of personal
computers and the Internet by Cypriot farmers, by analyzing data from 526 farmers,
selected by using the stratified random sampling method. Logit models are used to ex-
amine the socioeconomic characteristics of Cypriot farmers that may affect the usage or
not, of the personal computer and the Internet. The results showed that 60.6% of them
use the personal computer and 54.2% use the Internet. From the analysis of the logit
models it was found that the age, the educational level, the income, the type of agricul-
tural activities and the location of the farm, are significant determinants for the per-
sonal computer and the Internet usage. Future research is needed to examine the per-
sonal computer and Internet applications, their usefulness and the possible benefits for
the Cypriot farmers from their usage.

Keywords: /CT, PC and Internet usage, logit analysis, Cypriot farmers.

1. Introduction

The use of Information and Communication Technologies (ICT) and especially of
the Internet, can improve communication, increase participation, and help the dissemi-
nation and the exchange of skills and knowledge. ICTs create new services and business
practices across many sectors of the economy. Transportation, professional services,
and broadcasting are some examples of sectors that have been transformed by ICTs
(Ramirez 2001).

Within the discourse of “Information Society”, “Knowledge Society”, “Information
Economy” and the like, it is maintained that information and knowledge play a key role
in ensuring sustainable development (Amponsah 1995; Koutsouris 2010). However, it is
generally acknowledged that the rural population still faces problems accessing vital
information that could help in making timely and accurate decisions (Anandaraja,
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Rathakrishnan & Philip 2006). Furthermore, Ferrer et al.(2003), report that in South
Africa, as in other countries, the connection of rural areas to the Internet is still a prob-
lem, which means that the networking benefits of this technology, have not yet been
implemented in the rural economies. Even where the Internet and ICTs are becoming
widely accessible in rural areas, still there is a significant digital divide between rural
and urban areas (Hall et al. 2003).

Personal computer (PC) and the Internet are considered to be of the most important
technologies, and therefore this paper is focusing on them. Although the adoption of the
PC is currently a requirement for using Internet, the two technologies are very different.
Usually, the PC is used for the processing, manipulation and management of a farm’s
internal data and provides information for management decision making purposes. On
the other hand, the Internet is used as a communication medium and allows a farmer to
acquire and analyze external sources of information. Furthermore, the Internet provides
farmers a convenient environment to communicate and make business transactions with
buyers, consumers, suppliers, experts, and other farmers (Gloy & Akridge 2000; Ferrer,
Schroder & Ortmann 2003).

Uncertainties brought about by global events and the evolution and complexity of the
technology, greatly influence the agricultural sector. As a result, the need of farmers to
access information, is also increasing (Amponsah 1995). Nowadays a growing number
of farmers adopt and use the PC for farm managerial applications, as well as for market
research and for obtaining marketing services. In the Computer Era the cost of obtain-
ing, producing and delivering information has decreased, while the quantity and speed
of information flow has increased. (Hall et al. 2003).

The Internet has been recognized as a tool that improves the efficiency and
effectiveness in the agricultural sector. Potential uses of the Internet for farm businesses
include: access to market prices and products’ information, access to government and
academic reports and research results, interaction with other farmers and agricultural
specialists, purchase inputs, sell production, communicate with suppliers and buyers,
and access to software applications (Gloy & Akridge 2000; Ferrer, Schroder & Ortmann
2003). Likewise, the Internet can be used as a tool to market their products to a much
broader set of consumers (Mishra, Williams & Detre 2009).

ICTs enable farmers to overcome the geographical and other barriers to access in-
formation, to pursue education, to communicate effectively within the supply-chain, to
promote and sell products directly to consumers, et cetera. The information transfer us-
ing the PC and the Internet, is enhancing the agricultural marketing strategy and in-
creases the possibilities for more profitable farm businesses (Hall et al. 2003).

There is no doubt that rural development is a continuous challenge both in advanced
industrial economies and less developed economies. Today, one important issue that the
extension services have to deal with is how the Internet and ICTs can become beneficial
to the rural areas (Michailidis et al. 2011). According to Rolfe, Gregor and Menzies
(2003), in reality the ICTs and the Internet technology have been a “double-edged
sword for rural areas”. The reasons as to why the rural area population is taking up the
Internet can be attributed to two main reasons. Firstly, the use of the Internet can im-
prove productivity and therefore this may lead to further development of agriculture.
The second reason, concerns the expectations of the residents in rural areas, related to
the net benefits. These goals cannot be easily achieved and it is difficult to identify the
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electronic transactions. In addition, many of the costs and benefits of using ICTs, cannot
be associated with a market price. Non priced benefits may range from free products
that are available on the Internet, to social benefits in remote areas, attributed to email
access and social networking services. On the other hand, non priced costs include the
additional time spent on solving problems related to harmful events, like data loss and
virus infections (Rolfe, Gregor & Menzies 2003; Michailidis et al. 2011). Similarly, non
priced costs incorporate the time spent for PC and Internet training.

During the past few years the use of the PC and the Internet has increased signifi-
cantly by both households and enterprises. The Internet has become a core global com-
munications technology for business, while firms that use it, have greater access to in-
formation and possibly a reduction of the costs associated with economic interactions
(Smith et al. 2004). On the basis of the above, two questions may be asked: First, has
the use of PC by farmers followed a similar trajectory and, secondly, has the Internet
become an important source of information and a transaction mechanism?

The main aim of this paper is to examine the factors affecting the use of PC and the
Internet by Cypriot farmers. Specifically, the key socioeconomic characteristics of
Cypriot farmers, that may influence the usage or not of PC and the Internet, are
examined. These characteristics include age, education level, income, type of
agricultural activity and farm location.

Following the introductory part, the paper is organized as follows: in Section 2 the
literature review is presented and in Section 3 the profile of the Cypriot agricultural
economy is outlined through which the main goal of this study is documented. In
Section 4, the research methodology is described, including the logit models. What
follows is the presentation of the research results and the description of the PC and
Internet models (Section 5). In Section 6 the findings are discussed. Finally, the
conclusions and prospects for further research are presented in Section 7.

2. Literature Review

2.1 State of the Art

There is a growing literature related to the adoption and usage of ICTs in agriculture
(Amponsah 1995; Baaijen & Pérez 1995; Thysen 2000; Warren 2002; Koutsouris
2010), and in rural and remote areas in general (Ramirez 2001; Madden & Coble-Neal
2003; Michailidis et al. 2011). PC and Internet usage in agriculture is a relatively recent
phenomenon. Hence, reports in the international literature about the factors influencing
the adoption and usage of the Internet by farmers are limited (Smith et al. 2004; Gloy &
Akridge 2000).

The adoption and usage of the Internet and of PCs by Cypriot farmers has not been
examined so far. In contrast, several studies on this subject have been conducted in
other countries (Australia, United States of America, United Kingdom, Denmark,
Greece, etc.). These studies have shown that PC adoption varies considerably depending
on the rural population under study. Furthermore, these studies found that PC usage is
influenced by the personal characteristics of the farmer (age, educational level) and the
characteristics of the farm (e.g. farm size) (Putler & Zilberman 1988; Batte, Jones &
Schnitkey 1990; Gloy & Akridge 2000).
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2.2 European Union Countries

In the years 1996/1997 and 1999/2000 (repeat), the University of Plymouth in the
United Kingdom conducted a study on a sample of 277 and 177 producers, respectively,
to examine the use of ICTs (PC and Internet) in the agricultural sector. The survey has
shown that the level of the PC and Internet adoption by farmers depends on the farm
type and size, and the age and education of the farmers. Specifically, the study indicated
that cattle and sheep farms, and smaller farms, are lagging far behind arable and larger
ones. Furthermore, older farmers and those with no education beyond secondary school
are more likely to be laggards than innovators. Finally, the study suggests that there is a
“digital divide” which will create pockets of relative or even absolute disadvantage
within rural society (Warren 2002). It should be noted that the “digital divide” between
rural and urban areas exists in many countries. Even in Canada, the country with one of
the most advanced ICT infrastructure, rural and remote communities lag far behind ur-
ban ones (Ramirez 2001).

Even though there is a plethora of papers related to the adoption of ICTs in agricul-
ture in European countries, yet papers using econometric models to determine the fac-
tors affecting the usage of ICTs in agriculture are limited.

2.3 United States of America

Gloy & Akridge (2000) examined the factors affecting the PC and Internet adoption
by large farms in the USA, as well as the reasons for which they use these two
technologies. Using logistic regression models they found that the age and the
educational level of the principal manager of the farm, are important factors for the
adoption of both technologies. Furthermore, they found that the managers who use
detailed management plans, are more likely to use the Internet. In contrast with to the
Internet, farmers believe that, the PC can help them maximize their profits. The
researchers found that farm size (total sales) is not a significant factor for Internet
adoption, however it does influence the use of the PC. In general, Gloy & Akridge
(2000) concluded that the personal characteristics of the farm managers are important
factors for the Internet adoption, in contrast with the farm characteristics (total sales,
farm type, et cetera), which were found not to be as important factors.

Amponsah (1995) studied the socioeconomic characteristics of commercial farmers
in North Carolina, USA, that influence the usage and usefulness of the PC, and the use
of professional services, such as those provided by tax preparers and extension services.
Using multivariate logit models, he found that farm size, educational level and income,
significantly influence PC adoption. Regarding farmers’ perception of PC usefulness, he
found to be significantly affected by farm size and educational level of the farmer.

Regarding the PC use in agriculture, Putler and Zilberman (1988), concluded that
farm size, educational level and age, significantly influence the probability of PC usage.
Similarly, Batte, Jones & Schnitkey (1990), found that age and educational level are
determinant factors for PC adoption in agriculture.

Batte (2005) employed probit models to examine the factors affecting PC adoption
by farmers, as well as its usefulness as a management tool. He found that increased farm
size (gross annual sales) and higher educational level of the farmer, increase the likeli-
hood of PC adoption. What is more, younger farmers were significantly more likely to
adopt a PC. Adoption percent was found higher on farms that were more depended on
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leased land, but it was found lower for livestock farmers. Likewise, off-farm employ-
ment was found to be an important factor for PC adoption, i.e. farmers who worked
year-around away from the farm were more likely to adopt a PC. Concerning the use-
fulness of the PC, it was found to be affected by gross annual sales, by farmer’s age and
PC applications (records and information). Farmers that use the PC for keeping finan-
cial and production (crop or livestock) records or for gathering information from the
Internet are more likely to evaluate the PC as a useful management tool than those who
do not use these applications. To identify the factors influencing the hours of PC usage
per month by farmers (only PC adopters), Batte (2005) employed a multiple regression
model (Ordinary Least Squares-OLS). It was found that the size and the type of the
farm significantly affect the hours of PC usage. An important finding of the study was
that farmers who used the PC for the Internet-based information searches or online
transactions reported significantly more hours of PC usage.

Hall et al. (2003) used the Diffusion-Adoption Model to classify 241 beef cattle and
peanut producers into five adoption stages (non-adopters, late majority, early majority,
early adopters, innovators) based on their current PC and Internet access and application
of this technology to their farm. They concluded that almost 26% of the respondents had
no PC access, over 50% reported having Internet access and nearly 40% used the Inter-
net to find information related to their business.

Using multinomial logit models, Smith ez al. (2004) found that farmers’ age and farm
size are significant determinants of PC and Internet adoption and usage patterns. In ad-
dition, they found that outside employment, college education and exposure to PC and
the Internet through family and friends are more important, especially for the Internet,
which is a newer technology than the PC. Moreover, they suggest that the perceived
benefits of the Internet are mainly determined by how it is used and for how long the
farmer has used it. Particularly, obtaining input pricing and agricultural commodity
market information, enhances farmers’ perceived competitiveness. The unique farm or
farmer feature that significantly affects perceived benefits of using the Internet is
whether or not the farm is classified as a family farm. It is noted that in the study of
Smith et al. (2004) about half of the respondents who stated that they use the Internet
for business, reported that they had no economic benefits from it.

Hoag et al. (1999) used logit analysis to examine the factors affecting PC adoption
by Great Plains producers. Confirming previous studies, they concluded that factors
including farm size (acres and sales), farm type (livestock farmers are less likely to
adopt PC) and farming experience, significantly influence PC adoption. The major dif-
ference from other researchers is the fact that the educational level appears to have little
or no impact on the PC adoption.

Unlike previous researchers who used multinomial logit model, Ascough et al.
(2002) developed ordered logit model, which is an improvement of multinomial logit, in
order to study farmers’ satisfaction from using a PC, the frequency of PC use and the
number of software applications used. The survey has shown that greater PC skill sig-
nificantly increased farmers’ satisfaction and the number of software applications used.
Similarly, higher education increased user satisfaction and the number of software ap-
plications used but reduced frequency of PC use. In addition, the greater farming ex-
perience resulted in significantly increased user satisfaction but reduced frequency of
PC use and number of software applications used.
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Finally, Mishra & Park (2005) examined the key farm, operator, regional and house-
hold characteristics that affect the number of (different types of) Internet applications
used by farm households. They found that the educational level of the farm operator,
farm size, farm location and farm diversification, off-farm income and off-farm invest-
ments, as well as the presence of marketing contracts, have a significant impact on the
number of Internet applications employed by farm operators.

2.4 Other Countries

Orbunde (2010) developed a binomial probit model to ascertain the relationship be-
tween the socioeconomic characteristics of farmers of the Middle belt region of Nigeria
and the usefulness of their sources of agricultural marketing information. He found that
educational level, income, household size, number of cities visited in search of useful
sources of agricultural marketing information and location, all have positive and signifi-
cant influence on useful sources of agricultural marketing information, while gender has
negative and significant influence on useful sources of agricultural marketing informa-
tion, indicating an inverse relationship with useful sources of agricultural marketing
information among the participants. Furthermore, the research revealed that although
farmers are exposed to ICTs (Internet), they are hardly aware of their use in marketing.
Rolfe, Gregor & Menzies (2003) attempted to determine whether the main benefits of
PC usage and Internet access by grain and cattle producers of a particular region in Aus-
tralia, are associated mainly with the reduction of costs or the increase in productivity.
The farmers were asked to rate the value of PC and Internet use to their farm. Generally,
the survey showed that producers consider the PC use and Internet access as important
for their business. Using probit models they tried to predict the value of PC and Internet
usage. In the first model, the “high value” of PC usage was significantly related to four
variables (grain producers, computer linked equipment, accountancy packages and farm
budgeting). In the second model, producers who rated the PC usage with “very high
value” for their farm, were more likely to be cattle farmers, using PC linked equipment,
have older PCs, value farm budgeting and word processing uses highly, and value Inter-
net usage highly. The third model showed that cattle farmers, those with jobs off-farm,
and those who want weather and market information, are more likely to put a low value
on Internet use. The same model showed that farmers who access the Internet more fre-
quently each week, those who rate e-mail highly, see that it provides more timely and
better information for decision making, want less paperwork and a faster response time
for ordering goods in, are more likely to put a high value on Internet use. Finally, the
fourth model showed that producers with higher rates of access and those who put a
high value on technical information, electronic banking, and social and recreational
uses, are more likely to put a very high value on internet use. The probit models results
indicated that the producers who value Internet use highly are those who wish to im-
prove their efficiency.

Ferrer et al. (2003) used Ordinary Least Squares (OLS) regression analysis to iden-
tify the main factors influencing the use of Internet applications (e-mail, online banking
and sourcing information from the World Wide Web) by commercial sugarcane farm
businesses in South Africa. They found that the most significant factors affecting the
number of Internet applications used by the farm for business purposes, is the period of
time for which the farm has been connected to the Internet (the longer a farm business
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has been connected to the Internet, the higher the number of Internet applications used),
the educational level of the principal decision-maker (positive but statistically signifi-
cant at only 12% level of probability), the time available to spend on the Internet and
their perceptions of that as a source of information, and finally the characteristics of
other farm PC users (in businesses where the children of the principal farm manager
operates the farm PC, a greater number of Internet applications are used for business
purposes). In contrast to other researchers, Ferrer et al. (2003) have found no discernible
relationship between the age of the farm manager and the number of Internet applica-
tions used. Likewise, the study indicated no statistically significant relationship between
off-farm employment and the number of Internet applications used. According to the
authors, off-farm employment is likely to reduce farmers’ time for using the Internet.

3. The Profile of the Cypriot Rural Economy

The Cypriot economy in general and as a consequence its rural economy, is in a tran-
sitional period, due to the new economic environment that was created, as a result of
Cyprus’ accession to the European Union (EU), in May 1%, 2004 (DOA 2010).

According to the Organization for Economic Cooperation and Development
(OECD), rural areas are defined as the local units (e.g. municipalities) with a population
density below 150 habitants per square kilometer. However, this definition is not used
in the case of Cyprus, as it is a small island, with small agricultural land ownership and
small to medium size cities. Therefore, in Cyprus, an area is characterized as rural, if it
is not defined as urban® by the national cadastre. Consequently, the rural population of
Cyprus is the population that lives permanently in rural areas, regardless the kind of
employment. The farming population is not identical to the rural population but rather it
is a subset of the rural population (DOA 2010).

Based on data provided by the Statistical Service of Cyprus (2009), the rural popula-
tion of Cyprus is 29.8% of the total population. Since the beginning of the 20" century,
the rural population of Cyprus accounted for the largest percentage of the total popula-
tion. Particularly, in 1901, 81.2% of the total population was living in rural areas, while
in 1960 that percentage dropped to 64%. Following the Turkish invasion in the island in
1974, the rural population was forcefully reduced and in 1982 was only 36.5% of the
total population. From 2000 onwards, a small annual increase is observed and the per-
centage is now stabilized around 30%. This stabilization is attributed to the develop-
ment of the infrastructure and of the road network, to the improvement of services in the
rural areas, the creation of job opportunities in these areas, as well as to both the in-
creased cost of living and the degradation of quality of life in the cities. (DOA 2010;
Vakakis & Associates 2010).

However, the rural areas are also facing major problems and these are more signifi-
cant and obvious in less favored, remote and mountainous areas. To start with, these
areas have a low population density and unfavorable demographics. The population is
relatively isolated, mainly due to the absence of direct connection with cities, limited
public transportation and low quality of the rural road network. Furthermore, the rural
population of Cyprus, as compared with the urban population, is lacking behind in edu-

* Urban Areas are those defined by the Local Town Plans
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cation, present skewed age distribution and has lower incomes. Specifically, the level of
education is lower than the national average, the majority of the residents are old people
and the job opportunities are limited. In addition, the infrastructures for education and
for healthcare provision are deficient. A serious weakness of rural areas is that a large
proportion of the rural population is dependent heavily on agriculture, an activity that is
shrinking. The dependence of the rural population on agriculture, due to the lack of al-
ternative employment opportunities, is a barrier for the development of rural areas.
Hence, there is a need for socioeconomic diversification and combination with comple-
mentary activities, such as rural tourism (agritourism). On the other hand, rural areas
have significant advantages, like the natural resources and cultural heritage (DOA 2010;
Planning Bureau 2006).

Despite the fact that the agricultural sector is shrinking, it is still considered as im-
portant in the Cyprus’ economy and to rural population livelihood. Agriculture contrib-
utes merely 2.0% to the Gross Domestic Product (GDP), compared to 20.9% in 1965,
6.3% to employment and 21.3% to total exports (Statistical Service of Cyprus 2008).
The most important Cypriot agricultural products are early potatoes, citrus fruit, olives,
as well as vegetables and wine products. The most important animal products are meat
(beef, pork, poultry and goat/sheep) and milk (cow and goat/sheep). As for processed
Cypriot agricultural products (including traditional products), stable demand, both in the
internal and third markers, is for: “haloumi”, “lountza”, “trahanas”, "flaouna", "sout-
zoucos", “zivania” and local wines (DOA 2010).

The agricultural sector of Cyprus is facing several structural problems including the
small size of holding and farm fragmentation, the aging and low educational level of the
farming population, land degradation, water shortage, high production costs, limited
agricultural research and marketing problems (Papadavid 2008; DOA 2010).

In relation to the adoption of ICT, there is a gap between rural and urban areas
(Ramirez 2001; Madden & Coble-Neal 2003; Michailidis et al. 2011). The rural areas of
Cyprus are not an exception. According to the Broadband Performance Index (BPI) of
the European Commission, Cyprus is ranked second to last, before Bulgaria (European
Commision 2008). Based on data by the Department of Agriculture (2010) there are 151
small and remote communities in Cyprus with no broadband access and are character-
ized as “white areas”. Furthermore, ICT in agriculture is still very limited with the ex-
ception of certain intensive livestock units and food processing industries.

According to the Statistical Service of Cyprus (2011) 54.1% of farming households
in Cyprus have access to a PC and 47.6% have access to the Internet. For urban house-
holds these percentages are 67.8% and 61.3%, respectively, showing the digital divide
between urban and rural areas. The main reasons for not accessing the Internet are lack
of skills and doubts about its necessity. On the other hand, the main reasons for using
the Internet is searching for information for products and services, reading and
downloading newspapers and magazines, and participating in social networks. The most
common type of Internet access in rural households is broadband connection.

It is worth mentioning here that there are no research works dealing with the usage of
PCs and the Internet in the Cypriot agriculture sector. Hence, it was considered that the
factors affecting the use of PC and the Internet by Cypriot farmers need to be studied by
field research and by using a structured questionnaire on a representative sample.
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4. Methodology

To examine the usage of PC and Internet by Cypriot farmers, a stratified random
sample of 949 producers was developed, covering all areas under the authority of the
Republic of Cypruss. The sampling frame was based on applicant-beneficiaries of the
Rural Development Plan 2007-2013, and specifically on Measures 1.5.1 “Moderniza-
tion of agricultural holdings” and 1.2 “Setting up of young farmers”. Given that cur-
rently an official National Farmers’ Registry is not available, based on our experience,
we consider that the sample size selected is satisfactory. We followed the rules of the
stratified random sampling method based both on crop and livestock production (two
strata), and on location districts (five strata), as our main criteria for the categorization.
Hence we consider that the results are reliable to the entire population where the sample
was based.

The majority of the beneficiaries possess farms with fruits and vegetables, potatoes
and cereals, whilst from the animal production farms most are breeders of sheep and
goats, cattle and pigs. Between October 2010 and March 2011 we have visited 219 rural
communities and with face to face interviews we collected 526 filled questionnaires®.
This high response rate (55.4%) demonstrates the interest of the farmers towards this
research topic. The response rate is higher compared to other studies [Batte, Jones, &
Schnitkey, 1990 (40%); Amponsah, 1995 (31%); Hoag, Ascough II, & Frasier, 1999
(28%); Gloy & Akridge, 2000 (16.6%); Ascough II, Hoag, McMaster, & Frasier, 2002
(28.4%); Batte M.T., 2005 (50%)]. It must be noted that the above studies have not used
the personal interview method.

In the present study, the non-respondents fall into three categories: those who re-
jected the interview (10.6%), those who did not show up to the interview (either due to
illness or other personal reason) (26.7%), and those who did not answer the phone in
order to make arrangements for an interview appointment (62.7%).

The aim of this paper is to identify the farm and farmer characteristics (gender, age,
educational level, income, type of agricultural activity, location), that affect the PC and
Internet usage. Because the usage or not is a binary choice (1=Yes, 0=No), logistic re-
gression is suitable to predict the probability of usage as a function of several character-
istics, hypothesized to influence usage (Gloy & Akridge 2000).

The key options for determining relationships (apart from non-parametric correlation
techniques) are canonical correlation analysis, probit models, and logit models. Canoni-
cal correlation analysis is generally seen as a weaker (or last resort) statistical technique
than probit or logit models. Logit model can be used by identifying the independent
variables as categorical (Rolfe, Gregor & Menzies 2003). Ordinary regression analysis
is not appropriate for investigating dichotomous or otherwise "limited" dependent vari-
ables, but linear probability, probit, and logit models are well-suited for such data
(Aldrich & Forrest 1984).

Press and Wilson (1978) describe the results from logit analyses as being meaningful
and appropriate whether the explanatory variables are multivariate normally distributed,

Since 1974, 36.2% of the total territory of the Republic of Cyprus is under illegal and continuing Turk-
ish army occupation. As a result of the Turkish invasion, Cypriot agriculture has been severely af-
fected.

During the face to face interviews at least one of the researchers was present.
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independent and dichotomous (zero-one), or multivariate normal and dichotomous.
Thus, the robustness of the logit model coupled with its desirable statistical properties
makes it appropriate for this analysis (Amponsah 1995).

Usage can be represented as a binary variable that is a function of a set of independ-
ent explanatory variables as has been done in previous studies (Batte, Jones &
Schnitkey 1990; Amponsah 1995; Putler & Zilberman 1988). The logit model for com-
puter and Internet usage is specified as follows (Batte, Jones & Schnitkey 1990;
Amponsah 1995; Putler & Zilberman 1988):

Log[%}=a0+2ai)(i+e (1)

where P is the probability of using a computer or Internet; (/ — P) is the probability of
not using; a’s are the parameter estimates for the independent variables, X, that influ-
ence usage; and ¢ is the unexplained random component (Hoag, Ascough Il & Frasier
1999).

PC and Internet usage are treated as separate decision processes. Usage is analyzed
using a discrete choice model that relates the usage probability factors of Table 1. In
particular, a binomial logit model identifies the importance of determinants of PC and
Internet usage by sample strata (Madden & Coble-Neal 2003). This model, first applied
to the demand for higher education (Cramer 1991) and afterwards to educational
choices (Bishop 1977; Radner & Miller 1970; Jiménez & Salas-Velasco 2000), it can be
seen as a special case of general model of utility maximization. Here it concerns those
aspects of the PC and Internet usage that are regarded as important.

Assuming that a resident of a rural area can choose one of the two available options
(1=PC Usage, 0O=otherwise) and (1=Internet Usage, O=otherwise), his/her (designated i)
choice of the first option, implies that: U;;> Ujy, where U;; and Uy are the utilities that i
associates with the usage or not, respectively. The utility Uj; that the alternative j gives
to the individual i, is composed of two parts: a systematic term, which depends on an
attributes vector X (social and economic background, etc.) and a random one &ij:
Ui = Uy e

But utility Uj; is not observable. What we observe is usage or not Y;, which is worth
1 if the individual i is able to use PC and Internet and O if he/she isn’t able to use. If a
rational individual chooses the alternative that gives her/him the greatest utility, then:
Prob[Y; = 1] = Prob[U;;> U] and Prob[Y; = 0] = Prob[U;y> U;].

This would be the reduced form for the binomial logit model, where the 'i X row vec-
tor of explanatory variables for the /" individual contains the independent or explana-
tory variables (including also a constant) and where we assume that the non-observed
¢’s follow a distribution of logistic probability. More specifically, the dependent vari-
able “usage”, splits the sample in two subgroups: (a) able to use (=1) and (b) unable to
use (=0) (Michailidis et al. 2011).

The selection of the 20 independent explanatory variables of Table 1 was based on
prior analysis of ICT networks while it is adapted to the research area particularities
(Kridel, Rappoport & Taylor 1999; Madden, Savage & Simpson 1998; Madden et al.
2000; Madden & Coble-Neal 2003).

Based on the above, in this paper we use logistic regression or logit models to deter-
mine the factors that affect the PC and Internet usage by Cypriot farmers.
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5. Results

5.1. Descriptive Statistics

Using a structured questionnaire, the participants were asked to answer several ques-
tions related to the usage of PC and the Internet for business purposes. The results
showed that 60.6% of the participants are using the PC and 54.2% are using the Internet
on their own. A higher percentage 68.4% of the producers stated that they use the Inter-
net either on their own or through others (children, spouse, friend, et cetera) for business
purposes. The study suggests that farmers use the Internet to access agricultural related
information, mainly about machinery and low cost inputs (67.3%), and for reading elec-
tronic newspapers and magazines (44.4%). It is worth mentioning that the overwhelm-
ing majority of the farmers, regardless of using the Internet or not, believe that the
Internet is a useful information source (95%) and from those who use it (23.4%) state
that they are “very satisfied” by its usage in the farm. Finally, they believe that the
Internet can help them increase their productivity (51.7%), improve the quality of their
products (60.6%) and reduce the production costs (73.8%), while 38.4% of the respon-
dents believe that it can help them become innovative.

The statistical analysis for the survey was carried out by using the statistical package
IBM SPSS Statistics version 20. In Table 1 the descriptive statistics of the selected de-
terminants are presented. As shown, 88% of the participants are male. The age distribu-
tion shows that 7% of the farmers are between 18 and 28 years old, 23% are between 29
and 39 years old, 29% between 40 and 50 years old, and 25% are between 51 and 61
years old.

Regarding the educational level, 51% had completed secondary education and 22%
tertiary education. In relation to income, 56% of the farmers belong to the low to small

Table 1: Descriptive Statistics (N = 526)

Standard |Observa-

Variable Description of variables Mean . ;
Deviation | tions

Gender Dummy equals to 1 if the farmer is
male and 0 if female 0,88 0,33 461

Age

Between 18 and 28 |Dummy equals to 1 if the farmer is

years old between 18 and 28 years old, 0 oth- 0,07 0,25 36
erwise.

Between 29 and 39 |Dummy equals to 1 if the farmer is
between 29 and 39 years old, 0 oth- 0,23 0,42 120
erwise.

Between 40 and 50 |Dummy equals to 1 if the farmer is
between 40 and 50 years old, 0 oth- 0,29 0,45 150
erwise.

Between 51 and 61 |Dummy equals to 1 if the farmer is
between 51 and 61 years old, 0 oth- 0,25 0,44 134
erwise.
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Variable Description of variables Mean Stal?dz}rd Ob.s ervas
Deviation | tions

Education level

Completed secon- |Dummy equals to 1 if the farmer has

dary education completed secondary education, 0 0,51 0,50 268
otherwise.

Completed tertiary |Dummy equals to 1 if the farmer has

education completed tertiary education, 0 oth- 0,22 0,42 116
erwise.

Income

€5.000 to €20.000 |Dummy equals to 1 if farmer’s in-
come is between €5.000 and €20.000,| 0,56 0,44 295
0 otherwise.

€20.000 and above [Dummy equals to 1 if farmer’s in-
come is €20.000 and above, 0 other- | 0,37 0,38 195
wise.

Agricultural activity

Crop farming Dummy equals to 1 if the participant
is a crop farmer, 0 otherwise. 0,65 0,48 342

Livestock farming |Dummy equals to 1 if the participant
is a livestock farmer, O otherwise. 0,23 0,43 121

Employment type |[Dummy equals to 1 if the participant

(full-time/part- is a full-time farmer, O if is a part- 0,64 0,48 337

time) time farmer.

Producers’ Dummy equals to 1 if the participant

Organizations is a member of a Producers’ Organi- | 0,40 0,49 210
zation, 0 otherwise.

District

Famagusta Dummy equals to 1 if the farmer
lives and works in Famagusta, 0 oth- | 0,06 0,44 32
erwise.

Larnaka Dummy equals to 1 if the farmer
lives and works in Larnaka, 0 other- | 0,20 0,43 105
wise.

Paphos Dummy equals to 1 if the farmer
lives and works in Paphos, 0 other- 0,18 0,37 95
wise.

Limassol Dummy equals to 1 if the farmer
lives and works in Limassol, 0 oth- 0,28 0,44 147

erwise.
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Standard |Observa-

Variable Description of variables Mean . . .
Deviation | tions

Farm location

Lowland Dummy equals to 1 if the farm is in a

lowland area, 0 otherwise. 0,41 0,49 216
Semi-mountainous |Dummy equals to 1 if the farm is in a

semi-mountainous area, 0 otherwise. | 0,33 0,47 174
Mountainous Dummy equals to 1 if the farm is in a

mountainous area, 0 otherwise. 0,25 0,44 132

and medium income groups (€5.000-€20.000) and 37% in the medium to high income
groups (>€20.000). As far as the farm activity is concerned, the majority of the farming
population are engaged in crop production and 23% in livestock production. Regarding
the employment type, 64% of the sample are full-time farmers and 36% are part-time.
Another interesting result is that 40% of the farmers are members of Producers’ Organi-
zations. Moreover, farmers’ location was found to be as follows: 28% live and work in
Limassol district, 20% in Larnaka district, 18% in Paphos district and 6% in Famagusta.
The small sample population from the district of Famagusta is attributed to the fact that
the greater part of the district is under Turkish occupation. Further, 41% of the respon-
dents live and work in lowland areas, 33% in semi-mountainous areas and 25% in
mountainous areas (Table 1).

5.2. Chi-square (xX°) statistics

In Table 2 the chi-square statistics between the selected determinants and the usage
of PC and the Internet are presented. If p<0.05 then the independence hypothesis is re-
jected, and therefore the two variables are dependent. If p>0.05 then the two variables
are independent.

The hypothesis of independence for PC usage is rejected for gender, for two age
groups (29 to 39 and 51 to 61 years old), for education level, for high income group
(>€20.000), for principle farm activity (crop farmer and livestock farmer) and for em-
ployment type. This implies that at the 5 percent level of significance (a=5%) the above
mentioned explanatory variables are correlated with PC usage (dependent variable).

The hypothesis of independence for Internet usage is rejected for the age group 51-
61, for the education level, for the principle farm activity when that is cropping, for the
farm location when this is at semi-mountainous areas, for employment type and for in-
come. This implies that at the 5 percent level of significance (0¢=5%) the above men-
tioned explanatory variables are correlated with the Internet usage (dependent variable).

5.3. Logit models

In the logit models the dependent variables are the PC usage and Internet usage by
farmers on their own. The application of the logit models showed that, the majority of
the estimated coefficients of the explanatory (independent) variables are statistically
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significant at 1%, 5%, and 10% levels of significance, as illustrated in Table 3. Using
the method of White, the estimated standard errors shown in parentheses are adjusted

for heteroscedasticity.

Table 2: Chi-square statistics (xz)

Variables PC usage Internet usage
P-Value P-Value

Gender 0,015 0,477
Age
18 to 28 years 0,474 0,299
29 to 39 years 0,045 0,136
40 to 50 years 0,199 0,070
51 to 61 years 0,000 0,000
Education level
Completed secondary education 0,013 0,028
Completed tertiary education 0,016 0,000
Income
€5.000 to €20.000 0,751 0,003
€20.000 and above 0,001 0,000
Agricultural activity
Crop farming 0,004 0,001
Livestock farming 0,004 0,477
Employment type (full-time/part-time) 0,004 0,001
Producers’ Organizations 0,328 0,218
District
Famagusta 0,300 0,667
Larnaka 0,168 0,612
Paphos 0,368 0,037
Limassol 0,092 0,595
Farm location
Lowland 0,667 0,076
Semi-mountainous 0,569 0,004
Mountainous 0,494 0,341

Note: If p<0.05 then the independence hypothesis is rejected, and therefore the two variables are de-

pendent (in bold).
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Table 3: Logit models

Logit model Logit model
. for PC usage for Internet usage
Variables Coefficient Coefficient
(Standard Error) | (Standard Error)
Gender 0.472% 0.048
(0.272) (0.313)
Age
18 to 28 years 1.073%* 0.785*
(0.473) (0.473)
29 to 39 years 1.103** 0.756**
(0.375) (0.348)
40 to 50 years 0.958#** 0.720%*
(0.360) (0.326)
51 to 61 years -0.910** -0.720**
(0.365) (0.319)
Education level
Completed secondary education 1.477%%* 0.429%**
(0.248) (0.248)
Completed tertiary education 1.626** 1.475%**
(0.313) (0.314)
Income
€5.000 to €20.000 -0.239* -0.085
(0.276) (0.290)
€20.000 and above 0.351** 0.641%*
(0.303) (0.325)
Agricultural activity
Crop farming -0.222%* -0.269
(0.564) (0.598)
Livestock farming 0.958** 0.836*
(0.363) (0.315)
Employment type (full-time/part-time) -0.469** -0.554%**
(0.222) (0.2406)
Producers’ Organizations 0.703#** 0.471
(0.301) (0.266)
District
Famagusta -0.524* -0.386
(0.384) (0.392)
Larnaka 0.599* 0.602
(0.395) (0.399)
Paphos -0.360* -0.501
(0.306) (0.350)
Limassol 0.499 0.670
(0.413) (0.441)




2013, Vol 14, No 1 31

Logit model Logit model
. for PC usage for Internet usage
Variables Coefficient Coefficient
(Standard Error) | (Standard Error)
Farm location
Lowland -0.326 -0.038
(0.274) (0.282)
Semi-mountainous 0.031 0.081
(0.260) (0.295)
Mountainous -0.186 -0.264***
(0.287) (0.303)
Constant -1.095 -0.690%**
(0.617) (0.617)
Likelihood Ratio -3,015.003 -3,888.099
R — Squared 0.20 0.21
Observations 526 526

*  Indicates significance, at the 10% level,
**  indicates significance at the 5% level;
*#* indicates significance at the 1% level.

According to the results of the models, the gender has a positive and statistically sig-
nificant influence at 1% level of significance on PC usage, with male farmers having a
higher probability of using the PC compared to female farmers. The age of the farmers,
as grouped, affects positively and significantly both PC usage and Internet usage, except
that of the group 57 fo 61, which signifies that, the farmers in this age group are less
likely to use PC and Internet. Particularly, the age groups /8 to 28 and 29 to 39 have a
positive and statistically significant effect at 5% level of significance on PC usage.
Similarly, the age group 40 to 50 years old has a positive and statistically significant
effect on PC usage, at 1% level of significance As far as the Internet usage is concerned,
the first three age category groups have a positive effect that is statistically significant at
5% and 10% level of significance. The age group 5/ to 61 is having a negative and sta-
tistically significant effect on the usage of both technologies at 5% level of significance.

As expected, the education level has a positive and statistically significant effect in
all cases. Completed secondary education has a positive and statistically significant ef-
fect on PC and the Internet usage at 1% level of significance. The coefficient of the
variable “completed tertiary education” is positive and statistically significant for PC
and Internet usage at 5% and 1% levels of significance, respectively.

In the case of income, low and medium income groups (€5.000 to €20.000) have a
negative sign and thus a negative relation with the PC and Internet usage, but only in the
case of PC usage this negative effect is statistically significant (10% level of signifi-
cance). The farmers belonging to the high income groups (>€20.000), as these are re-
flected in the next category, appear to be quite familiar with both PC and Internet usage.
Specifically, the coefficient of the variable “>€20.000” is positive and statistically sig-
nificant at 5% level of significance, in both models.
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The coefficient of the variable “crop farming” has a negative sign in both models,
however only in the case of PC it is statistically significant (at 10% level of signifi-
cance). On the other hand, the variable “/ivestock farming” has a positive and statisti-
cally significant influence on the use of both technologies, at 1% and 10% levels of sig-
nificance.

The employment type has a negative and statistically significant effect on PC and
Internet usage at 5% level of significance. On the other hand, farmers’ participation in
Producers’ Organization has a positive effect on both technologies, but only in the case
of PC usage is statistically significant (at 1% level of significance).

Regarding the district where the farmers live and work, the coefficient of the variable
“Famagusta” has a negative sign in both models. However, only in the PC usage model
it is statistically significant at 10% level of significance. The district “Larnaka” has a
positive effect on the usage of both technologies, but only in the PC usage is statistically
significant at 10% level of significance. In addition, the district “Paphos” has a negative
influence on both technologies, but it is statistically significant only in the PC usage
model, at 10% level of significance. The coefficient of the variable “Limassol” has a
positive sign in both models however none of them is statistically significant.

Finally, regarding the location of the farm, the variable “/owland” has a negative, but
not significant effect on the usage of both technologies, while the variable “semi-
mountainous” has a positive, but not significant effect on the usage of both PC and
Internet. The coefficient of the variable “mountainous” has a negative sign in both mod-
els, but it is statistically significant only in the Internet usage model at 1% level of sig-
nificance.

6. Discussion

Summarizing, from the results of the logit models, it appears that gender, age and
education level of the principle farm owner, the annual income, the farm type (crop or
livestock farming), the employment type (full-time or part-time), the participation in a
Producers’ Organization and the district, are factors that significantly influence the us-
age of PCs by farmers. About the usage of the Internet, it appears that it is significantly
affected by the age and the education level of the farmer, the income level, the farm
type (livestock farming) and the farm location, as well as from the employment type. In
general, younger and more educated farmers, mainly livestock producers, with high in-
come, who are employed part-time in agriculture, have a greater probability of using
ICTs (PC and Internet).

It seems that as long as the education level increases, the stronger is the relationship
between farmers and the PC and Internet usage. Educated farmers, particularly those
who have fulfilled tertiary education are more exposed to new technologies and by ex-
tension they adopt and use them in their farms. This should be expected, given that the
use of PC and the Internet is deemed necessary for graduating from tertiary education.
Yet, many farmers acknowledge the importance of new technologies and express inter-
est to learn how to use PCs and the Internet. This could be accomplished through the
delivery of special education courses to farmers by public and private institutions, even
by courses organized by Producers Organizations.
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It appears that there is reverse relationship between the age and the usage of PC and
the Internet. That is, as the age increases the usage of the PC and the Internet decreases.
Younger generation farmers are more inclined to using new technologies, while older
generation farmers do not use them for various reasons. Many of the old farmers state
that they do not have the skills to use PCs, but others, mainly small farmers, believe that
the cost of using these technologies is high. Many farmers claim that PC and Internet
usage cannot help them in any way to increase their income and in general to accom-
plish their goals.

Crop farmers, in relation to livestock farmers are less likely to use the PC and the
Internet. In contrast, livestock farmers appear to be particularly familiar with the PC and
the Internet. Many of them, mainly cattle farmers, maintain modern and intensive units,
in which they have modern systems, such as automatic feeder and automatic milking
system, for the management of which they use PCs.

Part-time farmers are more likely to use the PC and the Internet than full-time farm-
ers. This may be due to the fact that part-time farmers are more exposed to new tech-
nologies than full-time farmers, which usually work all day in the fields and therefore
do not have the time to deal with the PC and the Internet. According to Warren (2002)
staring at a PC screen is not an attractive proposition after a long and hard day’s work
outside. Batte (2005) suggests that farmers are often introduced to new technologies by
off-farm employment and subsequently use them.

The participation of the farmer in a Producers’ Organization increases the probability
of using PCs. In several cases, Producers’ Organizations drive their members to use new
technologies, while the producers who participate in an organization influence each
other in relation to the use of new technologies. Baaijen & Pérez (1995) indicate that
low-resource smallholders can have access to new technologies only through local
farmer organizations, especially with state support or external funding. This suggests
that small farmers may not have enough money to adopt and use new technologies by
themselves.

Of particular interest is the relationship between the district of activity and the usage
of the PC and the Internet. Producers that live and work in the districts of Famagusta
and Paphos are less likely to use PC and Internet in relation to the farmers that live and
work in the districts of Larnaka and Limassol. This may be due to the fact that the dis-
tricts of Famagusta and Paphos are smaller, both in size and population, as compared to
the districts of Larnaka and Limassol, and therefore fewer farmers live there and conse-
quently there are fewer opportunities for interaction.

Finally, in relation to the location of the farm, the farmers that live and work in low-
land and mountainous areas have smaller probability to use PC and Internet from those
who live and work in semi-mountainous areas. The producers of the mountainous and
remote areas are less exposed to new technologies. In addition, young people of those
areas move to the cities seeking a better future, so that the majority of those remaining
behind are older farmers. It is surprising that the producers of lowland areas, who live
near the cities, are less likely to use PC and the Internet. It may further be due to com-
placence of producers of lowland areas, who usually cultivate larger areas, so they do
not search for ways to increase their income.

Most of the results of this study were as expected, with the farm and farmer charac-
teristics significantly influencing the usage of the PC and the Internet. Several research-
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ers have found similar results (Putler & Zilberman 1988; Batte, Jones & Schnitkey
1990; Amponsah 1995; Hoag, Ascough II & Frasier 1999; Gloy & Akridge 2000; Batte
2005). However, none of them has studied whether the participation of the farmers in
Producers’ Organization affect the use of the PC and the Internet. This study has found
that the participation in a Producers’ Organization has a positive and statistically sig-
nificant influence to the usage of the PC. Regarding the Internet usage, it was found that
the influence of the participation in a Producers’ Organization is positive, but not statis-
tically significant.

7. Conclusion

This paper examines the factors that determine the usage of two related technologies,
the PC and the Internet, by Cypriot farmers. The originality of the study lies in three
pillars: a) we use countrywide farm-level data comprised of different farm types and
farm locations, b) it is the first study of its kind that examines the usage of PC and the
Internet in Cypriot agriculture, and c¢) it is among very few studies where the
questionnaires were collected with face to face interviews, which increases the
reliability of the sample.

The percentage of farm producers who use the PC and the Internet for agricultural
purposes (60.6% and 54.2%, respectively), is quite high. From the analysis of the struc-
ture of non-respondents, one may suspect some upward bias in these figures, as older
people more often avoid participation in research interviews, so that the attributes of
younger people influence the overall picture.

Logit models were used to determine the factors that influence the usage of the PC
and the Internet. Consistent with previous studies, the age of the farmer and the educa-
tion level affect significantly the usage of the two technologies. Younger and more edu-
cated farmers are more likely to use the PC and the Internet, compared to older and less
educated farmers.

The Producers’ Organizations could play a significant role in the adoption of these
new technologies by farmers. The Department of Agriculture of Cyprus, is promoting
with various ways the organization of farmers and especially through the Rural Devel-
opment Program 2007-2013. It is believed that through the organizations, farmers inter-
act and influence each other. Hence, when there are success stories because of PC and
Internet usage by some farmers, others are more likely to follow and adopt these tech-
nologies.

The fact that producers with high income are more likely to use PC and the Internet,
may imply that smallholder farmers with low income may choose not to use these tech-
nologies due to the cost associated with their adoption. Consequently, the government
could introduce some measures as incentives to those who invest in purchasing and us-
ing these two technologies in their farm business.

Given that this study is the first of its kind that deals with the usage of PC and the
Internet by Cypriot farmers, further research is needed, with regard to the usage of these
two technologies and other ICTs, like mobile phones, as well as to concentrate on
smallholder and less educated farmers. Furthermore, future research should study the
PC and Internet applications that are used by Cypriot farmers, their usefulness, and the
gains that may result for the farmers and for the rural economy of Cyprus in general.
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