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Abstract: It is the task of the economists to assess — under the conditions of the public budgets restrictions — whether the
return rate of investments into public projects is sufficient enough in order to justify these projects in comparison to an
alternative utilization of the expended resources. Complex e-learning systems, which include both the educational part and
the subsequent verification of the students’ knowledge, have lately been gaining on popularity in agriculture, in the public

ICT projects from the field of education. The objective of the article is to explain the means of expressing economic effici-

ency of public projects on the example of establishing the Moodle e-learning system.
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Quick development of information and communi-
cation technologies allows for their utilization in all
areas of human activities. Owing to the emerging new
information, it is necessary to regularly extend the
amount of the gained knowledge during the study of
a given field. It is important to hand new knowledge
over to their end users as fast as possible, so that
they can make further use of it. The fast-growing
role of the information (suitable according to the
syntactical and pragmatic standards at its recipient)
is a dominant characteristic of the new society (Hron
and Macak 2008). Therefore, introducing information
and communication technologies and information
systems into education is becoming a priority and
necessity in the entire school scheme in developed
countries and also a priority in the corporate educa-
tion. The internationalisation of higher education
is to a large extent accidental, rather than clearly
intended when it comes to its educational content.
How to realise the intentions of internationalising
higher education in terms of teaching and learning,
focusing on the epistemological dimension, seems
therefore to be a legitimate and important question
(Svensson et al. 2010).

According to the OECD statistics, the number of
people with a university degree has increased in the
Czech Republic in the last 10 years by 3 percentage

points to 14%. However, the citizens of the devel-
oped European countries are educated twice as well;
an average of 28% of inhabitants with a university
diploma can show off there. Not only is this is the
quantitative side of the issue of concern, but also
the maintenance of the education quality while the
number of university-educated people is growing.

If the current proportion of university-educated
citizens in the populations of the advanced market
economies reaches around 28% (for example Finland
already shows even 75% part of tertiary education
on completed education of its inhabitants), neither
will our economy be able to avoid this important
transformation in the area of human resources. The
rising number of students in all forms of study at
the Faculty of Economics and Management of the
Czech University of Life Sciences (CZU) is related
to the above mentioned tendency in the lately trans-
formed economies after the increase of the number
of university students and as a consequence also
of the higher proportion of university graduates in
the entire population. One can, however, ask who is
considered a university student by each economy and
what is considered as a tertiary education.

Can we reach this change even when the current
percentage of expenses on education from GDP is so
low? Financial resources are lacking in all sectors of
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the economy and the possibility of their alternative
utilization in other areas of the economy is more
than obvious.

With the aim and the importance of education, the
theoretical economy has preoccupied this area for
several decades. During this time, two basic theoreti-
cal trends of the economic theory were defined. The
Human Capital theory arose in the sixties of the last
century, based on the works by the economists from
the Chicago school, represented among others by G.
Becker, J. Mincer, or T. Schultz.

Its development was committed to a consistent ap-
plication of the neoclassical economy as a methodo-
logical basis for understanding the human behaviour.
Its principles were applied to the effectiveness of the
investments into the human capital and especially into
education. Economic subjects allocated their resources
with the aim of maximizing pure advantage, while
taking into consideration the alternative costs, risk
and principles used by the neoclassical theory.

As we can see, the theory of human capital states
that education is a specific production factor and it
is a specific kind of capital (Becker 1993).

As stated by F. Hirsch: “Education is in its economi-
cal function filter and factory. The extension of the
number of diplomas means by itself a decrease of the
number of singular from the individual diplomas”
(Hirsch 1976).

Hirsch anticipated the importance of a broad exten-
sion of university diplomas and after that, testimonies
of the gained degrees of education, which need not
be only positive.

Stiglitz (2000) further deals with the question of
human resources in terms of the efficiency of their
utilization under the conditions of public economy. He
belongs to the representatives of the neo-Keynesian
trend in economy and emphasizes an efficient use
of the government expenses to support economic
growth.

MATERIAL AND METHODS

Although the number of students is increasing, the
required quality of education has to be maintained.
Therefore, it is necessary to be concerned with new
alternatives to the current means of teaching and
education as well. Establishing new information and
communication technologies into the educational
process, along with the related new methods of test-
ing, seems to be a suitable solution that can reduce
the need for human resources.

The objective of this contribution is to express
the possibilities of applying economic mathematical
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models for the evaluation of economic efficiency of
public projects in agriculture, using the example of
introducing the Moodle e-learning system. A partial
goal of this study is to generalize the experience with
verifying knowledge in economic subjects through
the use of information and communication tech-
nologies.

Main methods used for the scientific investigation
in this work were: the method of economic math-
ematical models (methods of one-criterion decision
making — cost-output), description method (descrip-
tion of characteristics and behaviour of the Moodle
ICT model), the method of analysis and synthesis
(analysis of currently used educational system and
verification of knowledge during exams) and partly
also other methods.

Use of cost-output methods to evaluate
economic efficiency of public projects
in agriculture

First group of methods that can be used to evaluate
economic efficiency of public projects in agriculture
are methods of one-criterion decision making. They
are also known as input-output methods because they
take into account the relationship output/costs.

These methods assume the possibility of using one
dominant criterion, to which other criteria can be
translated at least ordinally (for example to accom-
plish their ordering from the best to the worst) or
also cardinally (to calculate the utility function). The
following one-criterion methods can be distinguished
(Ochrana 2001):

— Costs-minimization analysis (CMA),
— Cost-benefit analysis (CBA),

— Cost-effectiveness analysis (CEA),

— Cost-utility analysis (CUA).

The attribute of all these mentioned methods is the
analysis of costs. Costs are measured in all methods in
value units, but for differently quantified outputs.

The CMA method does not measure outputs, the
CBA measures value units, the CEA natural units
and in the CUA outputs are measured in the form
of usefulness.

One-criterion methods to express efficiency
of public projects

— Cost-minimization analysis. It belongs to the
relatively simplest methods; there are many pos-
sibilities for its use in the public sector, including
educational system. While investigating efficiency,
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we will not judge the implications of educational
process, but it will search for an option with mini-
mum costs. It will be used in case only the aspect of
input (costs) is taken up as the selection criterion,
and it is assumed that outputs are qualitatively and
quantitatively homogeneous and relatively consist-
ent. If it be to the contrary, we are taking the risk
of wrong selection.

— Cost-benefit analysis. It is a method typical by
evaluating the results of processes in monetary
units, so that it is possible to compare them to the
costs. For example, in education it assumes the
evaluation of the gained acquirements in money,
so that they can be compared to the costs spent
on them.

Cost-benefit analysis (analysis of utility) as a basic
method to express the efficiency of education can be
defined as a set of practical methods of the optimal
choice in the area of agricultural sector, respecting
the criterion of the maximum net social profitability,
whereas all considered costs and utilities are expressed
in money, either by direct or indirect means.

Costs represent a set of monetary expenses and
non-monetary elements necessary to make use of
various resources in order to gain a specific product
(in our case education). Restrictions resulting from
the governmental regulation measures can be included
among the non-monetary elements, as well as “op-
portunity costs”, which express advantages resulting
from other uses of the same resource, etc.

Benefits in this concept represent a set of welfare
(utilities) of individuals or a group of individuals
generated by an educational programme in the form
of gaining a specific kind of education and using it
in practice. They can be expressed primarily in the
monetary or also non-monetary form.

In practice, this method is a very suitable tool
of economic decision making, where any increase
in utility is regarded as a benefit and any decrease
in utility is considered a cost. Decrease in utility
is measured by opportunity costs of the evaluated
project, by which there is meant the value of a given
up alternative action (given up opportunity costs).
Given up opportunity costs have the value of the best
available alternative.

In CBA, costs and benefits are calculated for the
entire life-span of a project, or its implemented in-
vestment ventures.

The following general rule holds for accepting an
alternative:

T
Bt_Ct

— >0
¢
t:0(1+r)
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where:

t = given time period

T = final time interval, when project ends its economic
life-span

B, = benefit in time period ¢

C, = cost in time period ¢

r = social discount rate

It is implied from the above formula that an in-
vestment venture is economically beneficial only if
the discounted value of benefits is higher than the
discounted costs. Considering monetary evaluation
of costs and benefits, the resulting effect of a given
investment venture is quantified by the equation:

E— B
T C
where:

E = resulting effect

B = benefit from public project for its entire life-span

C = costs of project implementation and total costs for
the entire project’s life-span

The highest evaluation is given to the alternative
with the highest effect per unit of costs. In practice,
it is often impossible to quantify exactly the benefits
and costs in monetary units. Nevertheless, their
structural enumeration gives the policy decision-
makers a different (more complex) point of view for
the final alternative choice. Taken exactly, benefits
and costs should be evaluated in shadow prices. If
it is difficult to do, models of so called imitation
markets that allow the derivation of shadow prices
are constructed. When analysing costs, it is impor-
tant to distinguish between direct costs (expressed
generally in market prices) and indirect costs that
are usually evaluated as alternative costs (given up
opportunity costs).

Use of investment productivity method

Another method that can be used in the choice of
the investment type alternatives is the investment
productivity method (Ochrana 2001). When using
this method, we need to determine the costs of a
given project and its benefits. Opportunity costs are
also included in the costs. After determining costs
and social benefits, a net current value of a given
project (for example educational) is established in
the final step.

The principle of the method of investment re-
turn rate determination for a public action is the
comparison of price and utilities from a given in-
vestment, whereas such an interest rate is searched,
with which the current value of monetary incomes
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from the implemented project is equal to the capi-
tal expenses on its implementation. Therefore, we
determine the internal income percentage (return
rate of an investment venture), that is, we solve the
following equation with regard to the interest rate
as an unknown variable:

T
c=> P
(1+r)m

n=1

where:

C = overall costs of educational project (purchase in-
vestment costs)

B, = benefit B in year n

r = (unknown) interest rate, with which the current val-
ue of monetary incomes from the implemented pro-
ject is equal to capital expenses on its implementa-
tion

T = life-span of educational project

For example, if we propose various educational
projects and want to determine (estimate) their return
rates, our C value will constitute the overall costs of
the education of an individual, including the given
up opportunity costs (costs in the form of lost wages
a student could have earned, calculated for the time
the student is trained in school). Utilities (benefits)
B are then given by the difference between the stu-
dent’s estimated income after implementation of the
educational project and the income he/she would
earn if the project was not implemented. Benefits
are related to productive age.

Using this method requires distinguishing between
the social return rate, which we use when evaluating
public projects — that is the planned actions (analy-
sis ex ante), and the individual return rate, which
expresses the individual costs and benefits. This
method is used to construct the education demand
curve. It is therefore crucial that young adults begin
to learn about finance during their adolescence in
order to have the best possible chance for a successful
transition to adulthood (Shim et al. 2010).

— Cost-effectiveness analysis. It is suitable especially
for monitoring efficiency in the public sector where
institutions work on the basis of the mass services
system. These are for example educational institu-
tions or financial institutions, when the evaluation
of their effects in monetary units is complicated.
The basic criterion question is how to achieve the
given goal by the cheapest means. Outputs of an
institution can then be quantified in non-monetary
units, for example the implications of education in
educational programmes are measured in natu-
ral units (i.e. the number of graduated students),
whereas the outputs of different quantity (different
numbers of students) are compared, however, they

AGRIC. ECON. — CZECH, 57, 2011 (5): 232-239

are of the same character. Moreover, these outputs

are considered desirable.

— Cost-utility analysis. The CUA method can also
be used to analyse efficiency in the public sector. It
is based on monitoring the comparisons of gains in
inputs (incremental project costs) and outputs. It
can be used for instance to evaluate the efficiency
of health and environmental programmes. Benefits
are measured in so-called life expectancy units that
are corrected by the quality of life.

This method is used the most in the health serv-
ices, but its principle can be applied to education as
well. Implications of alternatives are measured in the
adjusted natural units which allows respecting the
fact that the same output units do not always express
the same benefit rate for an individual and for the
society. The qualitative side of output is also taken
into consideration by this method.

RESULTS AND DISCUSSION

Using the Moodle e-learning system as an
example of public project

Under current conditions, the Moodle is consid-
ered the most progressive ICT e-learning system at
the Czech University of Life Sciences. Owing to its
advantages, it was adapted not only for education,
but also for testing the students’ knowledge in eco-
nomic subjects.

The Moodle is a software package designed to
support both the daily and distance education by
the means of online courses available on websites
(Moodle.cz 2010). It is complex e-learning software
that offers to the universities a whole range of func-
tions with the possibility to suit them to the needs
of the given school. The Moodle allows for example
inserting a syllabus into a course, using registration
keys for courses, inserting files into a course, divid-
ing students into groups according to the teacher,
handing in homework thanks to the web interface,
inserting student questionnaires, filing in attendance,
establishing a forum, and finally it also offers crea-
tion of tests and the subsequent generation of tests
to students within a written exam.

The Moodle is a freely-distributable software with
an open code. It works on the operation systems Unix,
Linux, Windows, Mac OS X, Netware and on any
other system that supports the PHP. Data are saved
in the database MySQL, PostgreSQL, MS SQL or
Oracle. The basis of the system is a web server with
the installed Apache software that translates the PHP
code and its output is a site in the HTML language,
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which is being sent via internet to the terminus of
a user. Web server communicates with the database
server, where the data are saved and loaded. The
main advantage of this system is in its availability.
It is possible to log in to the Moodle from anywhere
with a computer and an internet access. This is also
the reason for the system’s most typical use for stu-
dents enrolled in the distance education. The teacher
can communicate with his/her students in the form
of public announcements within a given course, by
establishing a forum or by sending private messages.
Besides the syllabus of a given subject itself and the
relevant basic information, the course can be upgraded
by many other study materials including lectures and
sample examples. This all lowers the regular com-
muting demands to school (for both students and
teachers) and the individual communication with
students via e-mail is dropped. Second significant
advantage of the Moodle system is its modifiability.
The Moodle is bought by universities as an open
source; an administrator skilled in the HTML and
PHP programming can add new functions to the
system or adjust the existing functions.

The Moodle distinguishes a hierarchical structure of
users. Programming engineers have the highest rights;
they have access to the web and database servers.
They can change the entire structure of the Moodle
system, add or remove control modules or change
records in the database through the phpMyAdmin
interface. Next group are the administrators at the
highest level who have access to the administrator
interface, where they can set up new categories of
courses and mostly assign rights to lower administra-
tors and to other users. Lower administrators called
the GAELPs (Guarantor of Electronic Support) have
the administrator rights at the level of department.
Their task is to add new courses that are being offered
by the given department in the current semester, and
subsequently to assign teachers to these courses.
Teachers then get rights for editing and are expected
to prepare a well-arranged high quality course.

While this course preparation may seem to teach-
ers as redundant (in connection with the standard
education based on the attendance to lectures and
tutorials), using the Moodle as a tool to check the
students’ knowledge makes their work more automatic
and therefore easier. In terms of preparation and
application of tests, the teacher’s role is narrowed
down to the problem of creating the exam database.
The Moodle itself generates tests for students from
this database and evaluates them. A pronounced
advantage of the Moodle is the variability in creat-
ing the exam questions. The Moodle offers a wide
range of different types of problems. The most widely
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used type of problem is a multiple choice question,
whereas it is possible to set how many percent of the
total points for the question a student gets for using
the individual answers. For instance, for calculat-
ing exercises, a practical type of problem are ques-
tions allowing the student to write down a specific
numerical result as the answer. The creator of the
question enters as its parameter an interval, in which
the given result is considered correct. Often used are
also the fill-in questions, where students are asked
to write down an expression or a whole sentence.
The percentual determination of a portion of the
total number of points for questions based on the
quality of an answer finds its use just in such cases.
A disadvantage is the fact that it is not possible to
use negative points. However, this imperfection of
the Moodle can be eliminated by shifting the whole
grading scale. For example, if we wanted to allow
students to leave questions without answers in a test
(basically the answer “I do not know”), we would set
zero points for such answers in the system of nega-
tive points. In the Moodle system, we need to set half
the number of points for these answers and we must
shift the grading scale from its half.

Results of students’ tests are saved by the Moodle
in a database and they can be retrieved from there
at any time. The system also allows exporting a com-
plete list of results into an Excel sheet for statistical
purposes. The Moodle calculates the average of the
test results by itself and for some questions; it gives
a statistic of successfulness of the specific answers
for this given question.

Preparation of checking students’ knowledge by
the means of ICT

Based on a carried out analysis of the extent of the
subject matter being taught, a number of qualified
teachers assigned to testing, as well as the extent of
working hours and the spare capacity of classrooms
available for our department, the following findings
were made:

— The extent of the subject matter being taught is
approximately equivalent to a standard course ac-
credited with the faculty classification 1 A, similarly
to all faculties at the University of Economics in
Prague (VSE). The extent of subject matter therefore
cannot be reduced. On the other hand, the number
of classes and of the home preparation of students
— within the scope of one semester — is equivalent
to half the hour-capacity at VSE.

— Computer tests are as demanding as we ourselves set
them; the technology only makes our work easier.
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When it is not possible to translate everything
from the curriculum into computer (programme)
form, we can check that portion of knowledge in
an oral exam.

— The system of checking the students’ knowledge
in exams has already been introduced by other
departments with convincingly positive results.
The experience from developed countries con-
firms that it is possible to prepare a test from the
economic theory; for example in the USA, at the
Oregon State University (Corvallis), this type of
testing knowledge in the subject of economics was
established already 8 years ago. It was hardly the
first university in the USA to do so.

— In the subject of microeconomics, a trial test was
created which not only covers the whole curriculum,
but also distributes it into 13 basic chapters. From
these 13 chapters, randomly generated by computer,
there are 8 quiz questions, 3 problems and 2 graphs
for solution. Each of the trial problems in the text
is evaluated by 8 points for 4 answers, whereas
the individual questions are asked in the form of
expected answers: yes — no — I do not know, and
are worth 2 points. The following partial problem
can serve as an example:

Yields from variable input:

(a) refer to a long period
— not correct

(b) are decreasing in a situation when production
is growing faster than input
— not correct

(c) are decreasing in a situation when production
is growing slower than input
— correct

(d) refer to a short period
— correct

— The speed of the system and the related time saving.
Students get to know their result immediately after
finishing the computer test and therefore they do not
wait a long time for the announcement of results.
This better reflects the validity of performance in

Table 1. Classification before and after use of ICT

an oral exam with the actual knowledge. Computer
itself delivers the result: did not pass, passed with
a specific classification and the percentage portion
of correct answers. An examining teacher is then
doing the real intellectual work he/she is designated
for; the activity that develops and stimulates the
student during an exam.

If we evaluate the mentioned by the information
technologies compiled tests, we can say that in terms
of the content and extent of subject matter in a given
course, using this form of test seems to be adequate,
corresponding to its content.

Example of a given test formulation and analysis
of impact of ICT introduction:

Comparison of test results from macroeconomics in
two monitored school years 2006/2007 and 2007/2008
illustrates the difference between testing students
by the classical written exams and the modern use
of information and communication technologies
in distance study. The exam took place in summer
semester (Table 1).

In 2006/2007, the total number of 307 students
signed up for the subject of macroeconomics in the
distance study; 216 of these students came to take
the exam. An overall average of 2.86 in this subject
was determined after using the possibility of three
attempts to complete the examination.

In 2007/2008, the total number of 330 students
signed up for the subject of macroeconomics in the
distance study; 196 of these students came to take
the exam. An overall average of 3.25 in this subject
was determined after using the possibility of three
attempts to complete the examination.

As it is clear from comparing the two above men-
tioned average grades — 2.86 before introducing the
information and communication technologies into
checking the students’ knowledge, and 3.25 after in-

15t attempt

2nd attempt 314 attempt

Classification written computer written computer written computer
2006/07 2007/08 2006/07 2007/08 2006/07 2007/08

1 7 0 0 0 0 0

2 34 19 17 10 4 4

3 66 47 37 25 13 9

4 109 130 28 60 2 29

Total number of students 216 196
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troducing these technologies — a substantial difference
in classification was detected, which can confirm the
previous reflections on a higher objectivity of testing
students by the ICT. Similar examination results were
reported in the following school year.

Time saving is reached in the terms of the number
of university teachers involved in testing students,
especially while correcting tests, when a substantial
part of teachers used to be busy with this manual
work. The transition to new testing of knowledge thus
does not have additional demands on premises; on
the contrary, it allows to effectively use the computer
labs during the exam period.

Likewise, it is possible to positively evaluate also
the experience with introducing this form of test at
other pedagogical workplaces. The experience from
universities in developed countries, especially the
USA, points to an overall deficiency of some European
countries not only in implementing the ICT, but also
in their application to practical activities. Up to a
15-year delay of the EU countries behind the USA
is estimated. We need to reverse this unfavourable
trend, even in our mentioned application. However,
we require more dynamic empirical investigations in
the higher education research of the particular policy
trajectories where the focus is on the dilemmas fac-
ing decision makers as they respond to the local and
more international influences (King 2010).

Evaluation of economic efficiency of the ICT
Moodle project

In terms of evaluating the choice of the given Moodle
system in relation to other offers (especially to the
earlier verified system Unitest), it is possible to use
the mentioned cost-output methods to evaluate eco-
nomic efficiency of public projects for the decision
about the purchase of an ICT system.

But which of the cost-output methods to evaluate
economic efficiency of a given ICT project is optimal
in terms of utilization (decision-making)?

The first method, the Cost-minimization analysis,
can definitely be eliminated, because deciding only
in terms of the level of costs on a project is not pos-
sible in this case.

Cost-benefit analysis is a method typical by evalu-
ating results of processes in monetary units, so that
they can be compared to costs. However, time saving
for university teachers is not supposed to lead to a
decrease in their numbers, because their activities
include other (intellectual) pedagogical duties as
well. Moreover, it is important to also consider the
qualitative elements of the ICT system, for example
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the possibility to lecture through it, to connect the
out-of-Prague centres and others, which — when
using this method — would be necessary to express
(evaluate) by shadow prices.

Evaluating the choice of an ICT system by the Cost-
effectiveness analysis considers the fact that pricing
an effect in monetary units is complicated; the im-
plications are measured in natural units. A possibil-
ity to test students also in the CUA centres would
also contribute to the convenience of the Moodle
system. However, a possibility to communicate with
students through the system is not included in the
evaluation here.

The Cost-utility analysis allows to consider even
the qualitative side of an output; the implications of
alternatives are measured in the modified natural
units, which takes into account the different extent of
utility for a student and an institution. Therefore, this
method would seem optimal in the light of choosing
an ICT system for a specific institution. However,
it does not have the possibility to financially evalu-
ate the output, meaning that students are gaining a
better education thanks to the Moodle system, and
they can later use this education financially. Time
saving for the teacher can be considered the main
contribution of the ICT. Assuming that he/she was
examining 4 days a week during the exam period of
14 weeks, his/her utilization ratio was 0.8. There is a
time saving by more than one half for the teacher after
the implementation of the ICT, with an approximate
utility coefficient of 0.3. The difference between the
coefficients 0.8 and 0.3 is then 0.5, which is equivalent
to half the working time of a teacher, and he/she can
devote this time to other scientific and publication
work. Furthermore, the waiting time of students for
the exam results was shortened to about one half,
which is on the contrary a qualitative contribution
for the student.

As evident, in the institutional practice we most
often encounter decision-making by the Cost-benefit
analysis, which is the same way of thinking as every
human who decides for university education do.
However, public institutions also have to consider
the social benefit, which is well known in agricultural
practice, for instance in the form of government
grants and similar public interventions.

CONCLUSIONS

The increasing number of university students, that
is supposed to allow for the qualitative growth of hu-
man resources in the developed countries, is reflected
also in the conditions of agricultural universities in
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the Czech Republic. However, with the given finan-
cial resources, the current pedagogical-experimental
capacities of university departments do not keep up
with the quick yearly increase in the number of stu-
dents. Introducing information and communication
technologies into the pedagogical process seems to
be a solution to this situation; computers save time of
both teachers and students, allow a more intensive use
of premises, make the exam administration easier.

The implementation of this new system is positively
viewed not only by teachers but also by students — for
them, it eliminates primarily the long and stressful
waiting for the result of a written exam. From their
point of view, however, such a system represents
a higher risk of the computer network failure, the
random selection of more complicated questions in
one test version and so on. “Risk can be viewed as a
difference between the real future state and expected
future state. This difference arose due to the change
of risk factors, which translated utility of subjects”
(Srédl 2010). Accepting the mentioned ICT system
(Moodle) can thus be recommended for the practi-
cal application at other pedagogical workplaces in
agriculture, where it can spare efforts with checking
the students’ knowledge in the form of written tests.
The Moodle system can also be recommended for the
study of company courses and testing the knowledge
of company workers. The flexibility of study of the
individual employees is becoming a big contribu-
tion — both the course itself and the possibility to
take a test (checking knowledge) is available to the
employees at a time suitable for them.
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