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Abstract
An important criterion for agricultural businesses and farmers who make investment decisions is  
the profitability of their investments. If the profitability criterion is applied to investments in analytical 
systems, problems arise with determining the exact value of such criteria. Special approaches for assessing 
the benefits of such systems must be used to cope with this problem. This paper focuses on the economic 
evaluation of analytical systems, whose economic impact in agriculture is unclear. Two main types  
of research approaches are identified: normative approach and positive approach to the evaluation of analytical 
systems. These approaches can be used to identify the benefits of analytical systems for agricultural activities,  
and to express their economic value for the management of agricultural enterprises. A new research process 
and research phases for the design of a conceptual framework for analytical systems’ economic evaluation  
in agriculture is proposed based on this theoretical and research background.
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Introduction
In connection with the agricultural business owners’ 
awareness of their economic performance, the usage 
of analytical systems supporting decision making  
in agricultural activities is rising. Farmers 
themselves are constantly facing investment 
decisions which may improve their agricultural 
activities results. The profitability is an important 
criterion for the investment decision, but in the case 
of investment in analytical systems, it is not possible 
to determine it. The cost of the analysis systems 
(i.e. the cost of hardware, software, and to some  
extent staff costs) are represented by the market 
price. However, the benefits of the system  
(i.e. performance effects on the agricultural 
business) cannot be expressed directly. A measure 
identifying the yield development of analytic 
system can be used as an objective approach  
for evaluating the profitability of analytical 
systems. The result is better decision making  
about the analytic systems investment.

Analytical systems

Analytical systems in agriculture are used  
to support strategic decision making and for detecting  
hidden information for easy understanding  

and anticipating the needs of the farmers.  
The analytical system generally consists of three 
components (Ugolnitskii and Usov, 2008): a data 
storage component (database with analytical 
functions), a database of models (the models, 
methods, and simulated processes) and an expert 
system.

The data storage component is a cluster of databases 
containing all available data about the entire system 
and the problem to be analysed.

The model database contains separate models  
of subsystems and models describing the properties 
of the studied objects.

The expert system represents the knowledge base 
of control models (i.e. the database of specific  
agricultural situations prediction results,  
and a database of knowledge, experience  
and intuitions of experts in the field of agricultural 
activities). The first part contains known  
information from already existing control models 
(subsystems). This part includes a database  
of the prediction results of specific agricultural 
situations, obtained by using a previously created 
scenario. The second part of the expert component 
uses information, models and data based  
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on knowledge, experience and intuition of experts 
in the field of agricultural activities. This section 
should be continually acquiring new data.

Currently, the most commonly used type  
of analytical systems are systems based  
on the principles of Business Intelligence 
(Chaudhuri et al., 2015, Azevedo and Santos, 2009, 
Tyrychtr et al., 2015). Business Intelligence is  
a set of processes, applications, and technologies 
that aim to effectively and efficiently support  
the decision-making processes in the company.

The data, information and knowledge storage  
in analytical systems may be addressed through  
the design of the so-called multidimensional 
databases. Multidimensional databases are 
suitable for storing (multidimensional) analytic 
data, which are most commonly used to carry 
out various analysis and reports required  
for the decision making (for example Tyrychtr et al.,  
2015b). Data in a multidimensional databases are 
organised using a data cube. The data cube is a data 
structure for storing and analysing large amounts 
of multidimensional data (Pedersen, 2009).  
The data cube consists of dimensions and measures. 
A dimension is a hierarchically structured set  
of values which provide the categorical information 
characterizing a particular aspect of the data  
(Pedersen, 2009b). Measures (indicators)  
of the cube are mainly quantitative data, which are 
the subject of the analysis.

Evaluation of investments

This paper deals with the problem of evaluation 
of investments in analytical systems. Analytical 
systems form a special category of systems  
– focusing primarily on decision support, while 
other systems typically have more features (such  
as the processing of operational data and other 
specific operational functions). For example, 
the automated weed system senses if a weed is 
present to deliver a precise amount of chemical 
spraying only the weed or the automated milking 
systems, which collect information on daily  
milk yield and feeding, provide farmers  
with the information about individual performance  
of each cattle (in order to support decision 
-making about inseminations and exchange  
of cattle). The reduced costs resulting  
from these applications are obvious and may 
act as a motivation for investing in such system. 
On the contrary, operating costs reduced due 
to the use of the analytical system are modest, 
which means that most of the advantages  
of the analytical system must come from the less  
tangible benefits. Therefore, the evaluation  

of the investment to the analytical system must 
go beyond the traditional analysis of costs  
and revenues.

The standard method for the evaluation  
of investment is the cost and revenue analysis.  
For example, the investment in job cuts is assessed 
by comparing the performance of employees  
with the expected performance of the machines. 
On the basis of a comparison of labour costs  
with amortisation, interest and maintenance costs 
the appropriate investment is selected. However, 
this traditional approach is difficult to use  
for the evaluation of analytical systems, primarily 
due to a wide range of decisions and actions which 
may be affected by information from the analytical 
system (King et al., 1990) and the key role  
of the user of the system (Hamilton and Chervany, 
1981). There distinguish three levels of benefits 
(Parker et al., 1988): tangible, quasi-tangible  
and intangible benefits. This classification  
of quasi-tangible and intangible effects is more 
visible – allowing a better evaluation of alternative 
investments into analytical systems.

In general, the problem of information systems 
evaluation is addressed in many publications 
outside of agriculture (Kleijnen, 1980, Kleijnen, 
1984, Hamilton and Chervany, 1981, Banker  
and Kauffman, 1989, Kauffman and Weill, 1989) 
and only a few in the field of agriculture (King  
et al., 1990, Streeter and Hornbaker, 1993). Based 
on the available literature, it is possible to identify 
two main types of research approaches (Fig. 1), 
(Verstegen et al., 1995): normative and positive 
approaches.

Normative approaches provide a theoretical 
examination of the expected or desired profitability 
of the analytical systems on the basis of the net 
revenues from their functions (e.g. better decisions 
on labour savings) and on some predetermined 
decision-making criteria (Kleijnen, 1980). 
Normative approaches are further distinguished  
in decision-making based on theoretical approaches 
(analysis of the decision-making trees, Bayesian 
information economics, theory of control)  
and decision making based on the analytical 
approaches (simulation, linear programming  
and dynamic programming).

Positive approaches investigate the expected 
profitability through empirical studies. 
Examples are experimental, quasi-experimental,  
and non-experimental designs. In the context  
of the experimental design group it is possible  
to distinguish between the field experiments  
and experimental economics.
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Source: Verstegen et al., 1995
Figure 1: A classification of evaluation approaches.

Normative approaches are currently considered  
as limited due to their potential in practice.  
On the contrary, positive approaches depends 
greatly on the availability and quality of the data 
base and the type of analytical intent. Experimental 
economics is considered to be an interesting 
alternative as means of streamlining decision 
making in the highly controllable environment. All 
of these approaches must be reviewed in the context 
of analytical systems in agriculture.

The purpose of this paper is to present a research 
process aimed to create a conceptual framework 
for the identification of the economic value  
of analytical systems for agricultural entities.

Materials and methods
Relevant publications were identified  
after searching scientific databases: Web  
Of Science, Scopus, ScienceDirect  
and SpringerLink. Screening of titles, abstracts  
and conclusions was performed independently 
by all co-authors. Studies defining the problems  
of evaluation of information systems investments 
were requested in order to be included  
in the review. Studies linked with the issue  
of evaluation of investment in specific types  
of systems, applications, and technologies  
in the agriculture (e.g. geographic information 
system, specialized automated systems, etc.) were 
rejected from the review. Mainly the following 
search terms were used: analytical systems, 
investments in information systems including  
the field of agriculture, economic value  
of information systems, economics of information 
systems and Business Intelligence.

Results and discussion
Based on the review of the relevant and existing 
research in the area of evaluation of investment 
in analytical systems in agriculture, the following 
shortcomings of the current situation were 
identified.

Identification of the shortcomings of the current 
state

• No comprehensive survey evaluating  
the state of analytical systems in the field  
of agriculture has been processed yet.

• There is a considerable amount of issues 
accompanying the operation of analytical 
systems activities on a highly skilled level.

• The economic potential of analytical systems 
and their contribution to agriculture has not 
been described yet

• No attention has been paid to the research  
in the area of the conceptual framework 
for the economic evaluation of analytical 
systems.

• With the development of computer  
and information literacy of the managerial 
staff in the agricultural enterprises, greater 
acceptance of new analytical systems 
can be expected in the future, which 
requires the analysis and reflection of new  
ways of working with analytical data  
in the agricultural sector

In this paper, a new research procedure is 
proposed to cope with these problems. It specifies  
the individual methodological phases of this 
research issue:
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1. Analysis of the analytical systems state  
in agriculture. A questionnaire survey among 
the agricultural enterprises and small farmers 
should be performed at this stage. After  
the survey, a basic exploratory analysis  
of survey results must be carried out to verify  
the dependencies by using the Pearson  
and M-V Chi-square test, which will be 
used to verify the connection between 
the structure of the company and the use 
of analytical systems. The working  
and statistical hypotheses must be 
formulated. The analysis will follow  
the previous research (Tyrychtr et al., 2015), 
which was focused only on a narrow type  
of analytical systems – Business Intelligence.

2. Identification of performance indicators. 
At this stage, it is necessary to analyse  
the capabilities of analytical systems  
in various sectors of agriculture.  
The economic and performance indicators  
of analytical systems are identified, including 
the expert and knowledge based subsystems.

3. Classification of evaluation approaches. 
In this phase, the evaluation approaches  
to determine the economic value  
of analytical systems for decision support  
in agricultural enterprises are classified.  
The methods of information systems 
evaluation are applied (Banker  
and Kauffman, 1989, Hamilton  
and Chervany, 1981, Kauffman and Weill,  
1989, Kleijnen, 1980, Kleijnen, 1984),  
including methods focused on applications 
in agriculture (King et al., 1990, Streeter  
and Hornbaker, 1993). Two main types  
of research approaches will be applied 
in this research: normative and positive 
approaches. Normative approaches provide 
a theoretical examination of the expected  
or desired profitability of the analytical  
systems on the basis of the net revenues 
from their functions and on some  
predetermined decision-making criteria  
(Kleijnen, 1980). Normative approaches 
are further distinguished in decision-
making based on theoretical approaches 
(analysis of the decision-making trees, 
Bayesian information economics, 
theory of control) and decision making  
based on the analytical approaches 
(simulation, linear programming  
and dynamic programming). Positive 
approaches investigate the expected 
profitability through empirical studies. 

Examples are experimental, quasi-
experimental, and non-experimental designs. 
All of these proposals must be examined  
in the research

4. Application of analytical systems. A draft  
of the possible applications of analytical  
systems including expert and knowledge 
based subsystems is proposed  
and the benefits of such systems  
for agricultural enterprises are defined. 
Within this phase, specific scientific methods 
(simulation, mathematical methods)  
and modelling techniques (multidimensional 
databases, knowledge and process 
modelling) are used.

5. Design of a conceptual framework.  
The above phases and their synthesis allow 
the design of a new conceptual framework 
for the economic evaluation of analytical 
systems in agriculture.

6. Acceptance. The objective of this phase is  
the systematic experimentation  
with the design process of a new conceptual 
framework.

7. Application. The newly created and adopted 
conceptual framework is validated in real  
standardized agricultural enterprises  
and farms.

8. Approval. This dynamic phase takes place 
together with the application phase. The goal 
of this phase is the maintenance of the new 
conceptual framework in order to adapt it  
in the constantly changing environment  
of the various analytical systems.

9. Research evaluation. The benefits  
of the newly proposed conceptual framework 
are evaluated on the basis of the outputs  
of the research plan.

To comply with the above procedure, it is 
appropriate to diversify and to specify the stages 
of the research. The following Table 1 shows  
the stages in accordance with the project 
management of research.

The expected benefits of the proposed research 
procedure

The design of a new conceptual framework  
for the economic evaluation of analytical systems 
allows enhancing the efficiency of agricultural 
enterprises. The resulting conceptual framework 
will streamline the decision-making of agricultural 
enterprises in the area of investments in analytical 
systems.
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Source: self-authored
Table 1: Suggested research stages.

Title Description

Literature review Collection of the underlying data for the analysis, the study of scientific articles  
and professional publications, formulation of hypotheses.

Preparation of the survey 
and data base

Preparation of the data base for the analysis of the evaluation of the analytical systems 
economic value and the preparation of the questionnaire survey for agricultural managers.

Analysis and evaluation 
of data

Cleaning, sorting and statistical evaluation of the data from the questionnaire survey  
of the state of analysis systems in agriculture.

Classification and analysis 
of evaluation approaches

Classification and analysis of the strengths and weaknesses of the evaluation approaches  
for determining the economic value of analytical systems.

Dissemination of 
preliminary results

Publication of articles about the state of analytical systems in agriculture and their economic 
evaluation. Presentations at conferences.

Evaluation of analytical 
systems

Evaluation of analytical systems, including expert and knowledge based subsystems and their 
benefits to agricultural entities.

Design of conceptual 
framework Design of a new conceptual framework and its evaluation.

Dissemination of results Publication of articles, active participation in conferences and seminars.

The main benefits of the proposed research are  
the following:

• The project will evaluate the state  
of analytical systems in the field  
of agriculture.

• The evaluation approaches, possible 
analytical systems applications in agriculture 
and their economic potential and contribution 
to agricultural enterprises will be classified.

• A new innovative conceptual framework 
for the economic evaluation of analytical 
systems in agriculture will be designed.

• • The research plan will efficiently 
and effectively support the business activities 
at the level of the strategic management  
of agricultural enterprises in relation  
to the economic aspects of analytical 
systems.

On the basis of the above mentioned benefits  
of the proposed research procedure, agricultural 
subjects will be able to invest in economically 
beneficial analytical systems which will enable 
obtaining of analytical data through special 
outputs in a more efficient way. For example,  
to track information about total production, costs  
or consumption over time for the whole enterprise 
or its part, perform different types of analysis 
(factor – factor, breeding optimisation, the analysis 
of the efficiency of plant protection products, etc.) 
and create additional special analytical outputs 
which provide additional economic benefits.

The newly created concepts in economic evaluation 
of analytical systems are supposed to provide 
methodological support for a better design  
of agricultural analytical systems, agricultural 

expert systems and knowledge based systems  
and to contribute to the overall efficiency  
of agricultural enterprises and the entire agricultural 
sector of the Czech Republic.

Conclusion
In this paper, a new research procedure for the design 
of a conceptual framework for analytical systems’ 
economic evaluation in agriculture was proposed. 
There was used theoretical and research background 
to map the current state of evaluation approaches 
regarding analytical systems in agriculture,  
and to elicit future research avenues in terms  
of design science framework for economic value 
of analytical systems in agriculture. According 
to the performed literature review and previous 
research, the area of analytical systems in the field 
of agriculture appears as a prospective research 
subject.

Purposes of this paper was threefold: the literature 
review may help economical informatics researchers 
get an overview of this active research domain; 
proposal of research facilitates the understanding 
of different research streams; finally, the proposed 
future topics may guide researchers in identifying 
promising research avenues.
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