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Abstract: Few studies have been done on the use of Information and Communication 
Technology (ICT) and on factors influencing the use of ICT in South African agriculture. 
The objective of this study is to identify the factors influencing the use of ICT by farmers 
and farm employees in South African commercial agriculture. A framework on the use of 
ICT in commercial agriculture is proposed based on the identified factors. A list of 
variables that are predicted to have influence on ICT use in agriculture by farmers and 
farm employees, were put together under 5 categories namely, demographics, farm 
characteristics, managerial factors, dummy variables, and perception and attitudes. The 
scope of the current study reported in this paper is limited to determining the factors 
influencing ICT use and proposing a framework for ICT use in agriculture. An exact 
expression of the model will be ascertained in a later study after data collection and 
statistical analysis. 
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1. Introduction 
The extent of ICT deployment in South African agriculture remains uncertain. It is not yet 
established which different specific information and communication technologies are used and 
how they are used in different agricultural farm enterprises, and if used, their extent of 
deployment. More studies on ICT use have focused on other sectors like education, health, 
banking, e-government and tourism than in agriculture. The few studies which were done on 
ICT use in agriculture focused on a limited number of information and communication 
technologies such as World Wide Web [1], computerised irrigation [2], computer [3] and 
Internet [4]. [5] investigated the use of information technology in South African commercial 
agriculture, but since then a number of new information and communication technologies have 
emerged and it is likely that the farmers have adopted more technologies. 

Few studies have focused on the factors affecting ICT use in South African agriculture. 
Therefore, the objective of this study is to determine the factors influencing ICT use, and to 
report our effort at using these factors to model the use of ICT in agriculture in the South 
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Africa context. The scope of the current study reported in this paper is limited to determining 
the factors influencing the use of ICT and to use those factors to propose a framework for 
modelling ICT use. An exact expression of the model will be ascertained in a later study. A 
consideration of the interrelationships between agricultural sectors is very important, but due to 
page limitations, this is beyond the scope of this study. We are still exploring the probability of 
using a quantifiable approach in this study. We were encouraged to do so by a related study on 
health service delivery in Namibia by Shivute [26].  

This study focuses on the use, not the adoption, of ICT in agriculture. The suggested model 
tests whether farm owners or farm employees are likely to use certain ICT for their farm 
operations. The proposed model does not ascertain the exact probability or likelihood value. 
The term farm owners and farmers will be used interchangeably. In this study, farm owners 
will be defined as those who actually own the farms or anyone acting and making decisions on 
their behalf (manager).  

1.1 ICT to be Investigated 

Different scholars have different opinions on what to include and not to include in the 
definition of ICT. This may be because information and communication technologies are 
expanding and advancing at a rapid rate. As a result, what may be included in the definition 
today may not be the same as what will be included tomorrow. According to [22], ICT is an 
umbrella term that consists of hardware, software, networks and media for collection, storage, 
processing, transmission and presentation of information. [23] defines ICT as a range of 
technologies that integrate information technology devices like personal computers with 
communication technologies such as telephones and telecommunication networks.  

For the purpose of this study, ICT can be defined as an umbrella term that consists of 
hardware, software, networks and media that facilitate or make it easy to collect, store, process, 
transmit, retrieve, present and communicate information (voice, data, text, images) using 
electronic means. This definition encompasses both the new ICT such as e-commerce, websites 
and computers and the traditional ICT such as radio and television, as well as the various 
services and applications associated with them, such as, videoconferencing and distance 
learning. We will not focus on individual ICT but all types used in agriculture will be 
investigated. 

2. Objectives 
The main aim of this study is to investigate the use of ICT in South African agriculture. The 
study also investigates the factors influencing the use of ICT for agricultural purposes by 
farmers and farm employees. To achieve the relevant results of this study, the following 
specific objectives will be addressed: 
1. To describe the uses of different forms of ICT in commercial agriculture; 
2. To determine the factors influencing the use of ICT by farm owners and employees; and  
3. To propose a framework for statistical modelling of ICT use in agriculture based on the 

identified factors. 

2.1 Significance of the Study 

Modelling ICT use in agriculture will help to identify factors that can be taken into 
consideration by stakeholders and service providers who work with farmers. This will help 
them to find possible solutions to the problems and challenges faced by commercial farmers 
and to meet their specific needs. This study will provide basic information for further research 
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on ICT-driven agricultural development in South Africa. It will act as a benchmark for similar 
ICT use studies targeting agricultural communities. The research will also contribute to the 
development of a future comprehensive agricultural portal for developing countries especially 
in Africa. The results of the study will enable researchers, policymakers, service providers and 
other stakeholders better understand the ICT needs of agricultural communities in their 
countries. The identified factors of ICT use will contribute to the development of a relevant 
ICT-driven agriculture model that can be used for agricultural development purposes. 
Knowledge of these use factors can also contribute towards the shaping of government policy 
on agricultural development. Farm owners and managers can use this model to determine if the 
correct personnel are recruited to use the specialized technologies and to check if certain 
technologies are suitable for their farm operations.  

3. Literature Review 
This section is based on reviewing the literature on the use of ICT and the factors influencing 
the use of ICT in agriculture.  

3.1 Use of ICT in Agriculture 

For the past 15 or more years, new technologies have been used in a way to improve 
agricultural production, reduce poverty and enhance food security. According to [5], the use of 
ICT is becoming popular as the number of farmers who are no longer interested in the 
traditional ways of keeping farm data and records is increasing tremendously. Commercial 
farmers in South Africa are now using ICT for easier running of their farming business since it 
has proven to be the best way of reducing costs and enhancing demand along the agricultural 
supply chain. 

ICT can be used in almost every step from production to marketing of agricultural produce. 
It can be used in computerised irrigation systems [7], precision agriculture [8], and agricultural 
extension [9]. A number of established tracing and tracking technologies are used in the meat 
industry [10], dairy industry [11] and food supply chain [12]. Farmers can now easily do e-
commerce and online banking over the Internet, without leaving their farm gates; thereby 
saving time and money. Besides accessing the Internet, computers can be used for data entry 
and interpretation, thereby very instrumental in decision-making [13]. All these uses show the 
potential of ICT in changing the face of agriculture. 

The level of ICT use differs between different agricultural communities, provinces, 
countries and even continents, creating a digital divide between those with and without ICT 
access. In agriculture, ICT use levels of the developed countries are much higher than those of 
the developing countries [14]. This is because agricultural communities in developing countries 
still face a number of constraints such as poor technological infrastructure, lack of ICT access, 
high cost of access to ICT, lack of ICT awareness and training, language and content 
limitations [15, 16].  

3.2 Factors Affecting ICT Use in Agriculture 

Few scholars have investigated the factors affecting use of ICT in South African agriculture. 
An example is [6] who specifically investigated the factors influencing computer use by 
commercial farmers. Most of the studies cited in this section were undertaken in developed 
countries like Canada, United State of America and United Kingdom.  

The technology acceptance model (TAM) suggests that there are a number of factors that 
influence the adoption and use of technology. These are external factors, perceived usefulness 
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and perceived ease of use. Perceived usefulness is the degree to which using technology would 
improve performance and perceived ease-of-use is the degree to which using technology is 
expected to be effortless [25]. In agriculture, the use of ICT can be influenced by a number of 
different factors, such as type of farm enterprise, farmer’s permanent characteristics, farm 
characteristics, goals and community culture [17]. These factors have direct and indirect 
relationships and influence the use of ICT either positively or negatively. In businesses, the use 
of ICT also depends on the perceived value of ICT [17]. Results of previous studies reported on 
South Africa [6] and on Canada [18] show that certain characteristics of farmers such as 
education, age and off-farm work, farm size and gender are also important variables in 
explaining the use of computers. Some factors identified in previous studies are as follows: 
• Age: The probability of ICT use decreases with increasing age. The younger the farmer, the 

more likely is the use of ICT.  
• Farm size: Larger farms tend to be earlier users of technology than smaller farms [13]. 
• Education: Those farmers with post-high school qualification tend to make up the majority 

of ICT users [18].   
• Off-farm income: Farmers with off-farm income more likely to use ICT than full-time 

farming [17].  
• Gender: The probability of use increases if the farmer is female [18].  
• Barriers to ICT use: The anticipated barriers to ICT use such as lack of ICT training, high 

technology costs, lack of technical know-how and lack of education affect ICT use 
negatively.  

• Farming experience: Those farmers with more farming experience tend to use technology 
than those with less experience [19].  

• Income: Those with less annual /monthly income are often the ones with least access to 
ICT.  

• Distance from centre of development: Those located close to the centres of development 
have greater access and use for ICT than those far away [20].  

• Household size: A large household size is generally associated with a positive influence on 
ICT use than a smaller household size.  

• Attitude: Positive attitude towards ICT implies a positive effect on ICT use and negative 
attitude implies otherwise [21]. 
Outlining the factors that were identified by other related studies helps to contribute 

towards the development of a framework for ICT use in agriculture. These factors and other 
possible factors can be analysed to propose this hypothesised framework. We attempt this in 
section 5. 

4.  Development of the Framework for ICT Use 
A number of factors influence ICT use in agriculture. In the proposed framework, these are 
defined as modelling variables. In the framework, the independent variables fall under five 
categories that are hypothesized to influence the use of ICT in agriculture. This is shown in 
Figure 1. As shown in the figure, statistical modelling techniques (which are discussed later) 
are applied to the independent variables to determine a suitable indicator for ICT use in 
agriculture.  

The independent variables included in the framework are derived from previous related 
studies on ICT use in agriculture, which identify them as the most significant factors, and from 
other studies on adoption. Some of them have not been identified in any previous studies but 
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they are anticipated to make economic sense when related to ICT use. The market was included 
because most of the commercial farmers export some, if not all of their produce to overseas 
markets. Black Economic Empowerment (BEE) has been included since it is a major initiative 
for empowering black South Africans to actively participate in agriculture. 

 
 
   
Independent Variables                       Dependent variable 

-Demographics   -ICT use Indicator 

-Farm/farmer characteristics 

-Managerial variables 

-ICT related variables 

-Attitudes and perceptions 

  

          

   

 

 
 

Statistical 
Analysis 
-OLS 
-ANOVA 
-Multinomial    
regression model 

 + 

Figure 1: Framework for Statistical Modelling of ICT Use in Agriculture 

4.1 Variables 
Table 1 illustrates the list of variables (and their predicted signs) that are hypothesised to have 
influence on ICT use in agriculture by farm owners and farm employees. In this framework, 
both the farm owners and the farm employees are targeted as respondents, because leaving one 
of these two would give us inadequate information about their use of ICT. For ICT use in 
agriculture to be successful both the farm owners and farm employees must be willing and able 
to use ICT in their day-to-day agricultural operations. Farm owners make decisions on the type 
of employees to employ and the appropriate ICT suitable for their farm configuration. On the 
other hand, the farm employees are there to execute what the farm owner proposes. The fact 
that on a farm setting, the farm employees do much of the work justifies the use of ICT by farm 
employees in some of their daily operations. This study will help the farm owners and 
managers to determine if the correct personnel are recruited to use the specialized technologies. 
Also there is need to check if the farm employees are getting the benefits of the proposed ICT 
they use on their day-to-day operations. With the ongoing Agricultural black economic 
empowerment (Agri-BEE) it may be necessary to investigate how farm employees are 
empowered by their employers. Excluding either the farm owner or farm employee in the study 
would mean that some essential information would be missing. 
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Table 1: List of Variables for ICT Use and their Predicted Signs 
 

Variable  Description Type of measure  Expected sign 

Dependent variables 

ICTUSE Whether farmer/worker 
use ICT or not 

[1]=yes, [0]=no  

Independent variables 

  Farm 
owners 

 Farm 
employees 

Demographics 

AGE Age of farmer/ worker Years - - 

INC Income per month/year Rands + + 

EDUC Education level Years + + 

HHSIZE Household size Numeric  + 

AGRIC Agricultural qualification [1]= yes, [0] = no + + 

RACE Race [1]=black,[2]=coloured, 
[3]=white 

+ - 

Farm characteristics 

DIST Distance from town Hours + - 

ENTTYPE Type of farm enterprise [1]=dairy,[2]=fruit,[3] =field 
crop [4]=livestock 

+  

FSIZE Farm size Hectares +  

Managerial factors 
EXP Farm experience Years - + 

MGT Managerial position [1]=yes, [0]=no  + 

Dummy variables 
MEM Cooperative membership [1]=yes, [0]=no -  

GOAL Farmer/worker ICT goal [1]=yes, [0]=no + + 

ICTLIT Worker ICT literacy Count  + 

OFFINC Off-farm income [1]=yes, [0]=no +  

GENDER Gender [1]=male, [0]=female  - 

TRAIN Worker ICT training [1]=yes, [0]=no  + 

MKT Market [1]=export, [0]=local +  

EMPLMT Nature of work contract [1]=permanent, [0]=seasonal  - 

Perceptions and attitude 
ATTI Farmer/worker attitude 

towards ICT 
[1]=positive, [0]=negative + + 

BEE Worker/farmer attitude 
towards black 
empowerment 

[1]=positive, [0]=negative + + 

AFFOD Affordability of ICT [1]=yes, [0]=no - - 

 
 (+) Positive association with ICT use  
 (-) Negative association with ICT use  
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4.1.1 Independent Variables 

22 potential independent variables fall under 5 categories namely, farmer/farm worker 
demographics, farm characteristics, managerial factors, dummy variables, and perception and 
attitudes. The expected sign on the independent variables indicate whether they affect the 
dependent variable (ICTUSE) positively or negatively. Some factors that influence ICT use by 
farm owners and farm employees may not be necessarily the same. Even if some of the factors 
are the same, they may have different relationships with ICT use. Since the variables are 
different for farm owners and farm employees, they are explained separately for each group.  

The following are the assumptions underlying the predicted relationships between the 
independent variables and ICT use.  

1. Farm Owners 
• Age: Younger farmers tend to use ICT more than older farmers. This is mainly because 

younger farmers have a chance to absorb and apply new knowledge. Older farmers have 
less exposure to ICT when they were at school and may not be prepared to incur costs and 
spend time in learning about new technologies. Also, studies show that older individuals 
tend to exhibit fear of technology.  

• Income: High level of income implies the ability to invest in ICT and to bear the risks 
associated with the use. With less income a farmer has less to spend on new technology and 
may stick to old less expensive methods. 

• Education: Farmers with higher levels of education attainment are more likely to use ICT 
than less educated ones. Higher education levels increase the probability of farmers 
learning and understanding easily about new technology. 

• Agricultural qualification: Those farmers with agricultural qualifications are more likely to 
use more relevant technology. Due to post-high school education, they are well equipped 
about the appropriate technology for different farm operations.  

• Race: Commercial white farmers are more likely to use ICT than emerging black/coloured 
farmers. This is mainly because more white commercial farmers have established 
themselves and have been in commercial agriculture for a long time than their counterparts. 

• Distance from centre of development: As opposed to [20], farmers far away from town use 
more ICT to be self-sufficient and reduce costs of travelling to nearby towns to access ICT. 
Farmers close to towns use less ICT since they can travel to the nearby town whenever they 
need ICT services.  

• Type of enterprise: ICT use is expected to differ depending on the farm 
operation/enterprise’s demand of ICT. The fruit industry is expected to require more ICT 
than other enterprises. Dairy and livestock enterprises may require more ICT than field 
crop enterprise.   

• Farm size: As farm size increases in size, complexity and business transactions, the use of 
ICT also increases. This is because as the farm size increases, it becomes difficulty to 
manage efficiently and use of ICT will help with record keeping, management, effective 
and efficiency measures. 

• Farming experience: As opposed to [19], experience is predicted to influence ICT use 
negatively. Farmers with experience in agriculture are reluctant to change; they prefer old 
technologies and their old ways of practising farming. Those with less experience depend 
on some other people or agricultural aids for more information on how to practice 
agriculture, so they are likely to be willing to use ICT.  
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• Cooperative membership: Farmers who are in a cooperative are less likely to use ICT than 
those who are not. Cooperative members depend on the cooperative for input procurement, 
packaging and marketing; as a result ICT will be used by the cooperative more than in their 
own farm operations. Farmers who are non-cooperative members are self-reliant and have 
to use all the necessary ICT for input procurement, production, packaging and marketing 
purposes. 

• ICT goal: A farmer who has ICT goals is likely to use ICT than the one who do not have 
any goals pertaining to ICT. 

• Off-farm income: The probabilities of ICT use increase if the farmer has off-farm income 
since he/she will have more disposable income and less financial constraints. Also, off-
farm work helps in exposing the farmer to new technology outside the farm environment 
[21]. 

• Market: A farmer who exports the farm produce is likely to use more ICT than the one who 
sell locally. Since there is need for communication with markets abroad, the farmer is 
compelled to use certain ICT that may not be necessary when he sell the produce locally. 

• Attitude towards ICT: Positive attitude towards ICT has a positive effect on ICT use.  
• Attitude towards BEE: Farmers who have a positive attitude towards BEE are likely to use 

ICT to enhance their farm operations and equip their farm employees.  
• ICT affordability: It is an anticipated barrier to the use of ICT. More expensive ICT are less 

likely to be afforded by farmers and thereby limiting their use.  
 

2. Farm Employees 
• Age: Young farm employees are more likely to be interested in learning and applying new 

knowledge than older ones. Young workers are likely to be flexible and motivated to use 
ICT than older workers.   

• Income: Farm employees with a higher disposable income are more likely to use ICT than 
those with less income. Besides those ICT they use on the farm, they can be able to 
purchase ICT for their own business and personal use.  

• Education: Farm employees who have attained higher levels of education are more likely to 
be interested in ICT use than those who have no or less education level attained. 

• Household size: In most cases farm employees with a larger household size are likely to 
have more family members who will work at the same farm, increasing the probability of 
learning about technology and using ICT.  

• Agricultural qualifications: Farm worker with post-high school agricultural qualifications 
are more likely to be more knowledgeable on ICT use than fellow farm employees without 
qualifications. Those with agricultural qualifications are more likely to be involved in 
managerial duties that involve the use of ICT on a daily basis. 

• Race: Due to historical discrimination in South Africa, a number of farm employees are 
coloureds and blacks and few of them are in management positions that compel the use of 
ICT on a daily basis, thereby negatively influencing the use of ICT. 

• Distance from centre of development: Farm employees far away from centre of 
development have less access to ICT than those close by. As distance away from the nearby 
town increases, the probability of ICT use decreases.  

• Farm experience: More experienced workers are more likely to be entrusted with 
managerial duties which may require the more use of ICT. As farm experience of the farm 
worker increases, the probability of ICT use also increases. 
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• Managerial position: Farm employees who have managerial positions are more likely to 
use ICT on a daily basis than the other ordinary workers.  

• ICT goal: It is perceived to have a positive relationship with ICT use. A farm worker who 
has ICT goals is likely to use ICT than the one who do not have any goals pertaining to 
ICT.  

• ICT literacy: Farm employees who are ICT literate and can operate a number of ICT are 
more likely to be interested in learning about more new ICT and using them than those who 
are not ICT literate. 

• Gender: As opposed to [18] more male farm employees are expected to use ICT than 
women farm employees. Since more males work on farms in South Africa, it is likely that 
males have better access to technology than women. 

• ICT training: The trained workers are likely to use ICT than the untrained ones. 
• Nature of work contract: Permanent workers are more likely to be knowledgeable in ICT 

use due a lot of exposure than seasonal workers. The permanent workers are more likely to 
have managerial positions that enable them to work with ICT throughout the year. ICT 
training is also likely to be given to permanent than seasonal workers. 

• Attitude towards ICT: Positive attitude towards ICT has a positive effect on ICT use. 
• Attitude towards BEE: Farm employees are more likely to support it and be eager to 

empower themselves with technology and actively participate in agriculture.  
• ICT affordability: It is negatively related to use since it is an anticipated barrier to the use 

of ICT. More expensive ICT are less likely to be afforded by farm employees and thereby 
limiting their use.  

4.1.2 Dependent Variable 

Use is usually defined in terms of a binary variable. In this case, ICTUSE is the dependent 
variable Y and is defined as a binary variable with a value of 1 and 0. For farm employees, Y 
has a value of 1 when farm employees are likely to use ICT and 0 when not likely to use ICT. 
In case of farm owners, Y has a value of 1 indicating the suitability of a set of ICT for farm 
operations and 0 for the non-suitability of a set of ICT for farm operations.  

4.2 Statistical Analysis 

To determine the exact final form of the econometric expression of the proposed model, the set 
of statistical analysis techniques need to be specified on a data set collected from the field. 
Analysis of variance (ANOVA) will be conducted to investigate the differences in ICT use 
between the different stages of the supply chain and the differences within each stage of the 
supply chain. ANOVA looks for differences among three or more means by comparing the 
variances both within and across groups. Multinomial regression model will be used to identify 
significant factors affecting multiple ICT use by farm owners and employees. Logistic regression 
model will be used to analyse the relationship between one dependent variable and more than 
one or multiple independent variables. Logistic regression modelling will also be used to identify 
factors affecting the use of individual ICT. Logistic regression is more appropriate than linear 
regression for this analysis because the dependent/outcome variable is binary. Statistical 
experimentation is needed to determine the exact form of the expression and the values for 
constants, coefficients and error term.  
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5. Discussion 
This study investigated the factors that influence the use of ICT in agriculture. When the data is 
collected, the ultimate goal will be to use these factors to develop an exact econometric model 
of ICT use in commercial agriculture in South Africa. 

In this section, we propose and briefly discuss only the development of the generic form of 
the model. 

5.1 Econometric Model of ICT Use in Agriculture 

A set of equations that depict real economic sense can be used to express the relationships 
among the variables and predict the effects of each variable on the dependent variable. The 
general form of the equations is the same for both farm owners and farm employees, but the 
independent variables are different. The hypothesized general format of the econometric 
models is as follows: 
  Econometric model 1: farm owners 

YFO = B0 + B1AGE + B2INC + B3EDUC+ B4AGRIC + B5RACE + B6DIST + B7ENTTYPE 
+ B8FSIZE + B9EXP + B10MEM + B11GOAL + B12OFFINC + B13MKT + B14ATTI 
+B15BEE + B16AFFOD + ε  

Where: 
YFO = Use of ICT by the farm owner (1 if ICT is suitable for farm operations, 0 if 
otherwise) 
B0 = Constant 
B1- B16  = Coefficients 
ε = Error term 

 
Econometric model 2: farm employees 

YFW = α0 + α1AGE + α2INC + α3EDUC + α4HHSIZE + α5AGRIC + α6RACE + 
α7ADIST + α8EXP + α9MGT + α10GOAL + α11ICTLIT + α12GENDER + α13TRAIN + 
α14 EMPLMT + α15ATTI + α16BEE + α17AFFOD + µ  

Where: 
YFW =Use of ICT by the farm employee (1 if farm employee is likely to use ICT, 0 if 
otherwise) 
α0 = Constant 
α1- α17 = Coefficients 
µ = Error term 

 
These hypothesised generalized forms are based on the assumption that the independent 

variables are essentially independent of one another. Similar relationships have been found to 
exist in the use of computers and other information and communication technologies by farmers 
[24, 18] and in the dairy industry [17]. Depending on the significance levels found, some of the 
independent variables might vanish from the model expression.  

6. Conclusion 
Although the study focuses on South Africa, it is our view that the factors identified in this 
study are also applicable to other developing countries, especially those with similar ICT 
access and profiles. 
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The main aim of ICT in agriculture is to provide information to farmers and all 
stakeholders and help them to make informed decisions throughout the year. Policy makers and 
stakeholders will only develop better service delivery when they have an appropriate model 
showing a true indicator for what is happening in the field of agriculture. In this paper 
therefore, we proposed a generic expression for this model.  

The study also identified the factors influencing the use of ICT by farmers and farm 
employees in South African commercial agriculture. A framework on the use of ICT in 
commercial agriculture was proposed based on the identified factors. A list of variables that are 
predicted to have influence on ICT use in agriculture by farmers and farm employees, were put 
together under 5 categories namely, demographics, farm characteristics, managerial factors, 
dummy variables, and perception and attitudes. The scope of the study reported in this paper 
was limited to determining the factors influencing ICT use and proposing a framework for ICT 
use in agriculture. 

6.1 Future Related Studies 

There is need to conduct statistical experiments to validate the predictions and proposal 
suggested in this paper. An exact expression of the model will be ascertained in a later study 
after data collection and statistical analysis. The results of the experiment will provide a better 
picture of the effects of each variable on ICT use. We have already begun this extension of the 
study. There is need for further studies on e-agriculture in developing countries, especially in 
Africa, not only in commercial but also in subsistence agriculture. More should be written 
about ICT agriculture projects, not only for the sake of performance appraisal, but also for 
monitoring and evaluation processes. 
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