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IMPACTS OF CANCELLATION THE ENTRANCE EXAMINATIONS ON
COURSES ECONOMICS

Jiri Alina, Tomas Volek
jalina@ef.jcu.cz

Faculty of Economics,
University of South Bohemia in Ceské Bud&jovice

ABSTRACT

The current demographic situation, declining quality of applicants and the surplus of free
places at universities leads to cancellation entrance examinations at some universities.
This paper deals with the impact of cancellation entrance examinations at university to a
bachelor level. The main goal of this paper is to consider how this change (cancellation
entrance examinations) influenced the results of students in the area of economics
(microeconomics and macroeconomics) at the Faculty of Economics of the University of
South Bohemia in Ceské Budgjovice. It was found that there is a statistically confirmed
significant difference between students (courses Microeconomics I) who took entrance
examinations and those who did not. The main result of the paper is that the cancellations
of examinations have a negative impact on the results students in first semester of
economics (Microeconomic I).

KEYWORDS

Entrance examinations, university, economics, education

INTRODUCTION

The current demographic situation, a declining quality of applicants and inferior policy
from The Ministry of Education, Youth and Sports in the field of university education in
the Czech republic have been creating problems within the area of accepting new students
at university. On the one hand there is a university surplus and on the other side a lack of
quality students. The Faculty of Economics of the University of South Bohemia decided
to solve this problem with the help of cancellation entrance examinations and accepting
students according to results achieved at secondary school.

The main goal of this paper is to find out, with usage of statistical methods, the influence
of entrance examination cancelation on exam results and quality of students in the
economics area (microeconomics and macroeconomics). Obviously the word quality is
little bit stilted and abstract, which cannot be measured. By the “quality of students”
authors meant mainly results of exams, number of attempts needed to pass exam, success
of passed admission.

There are many methods for university entrance. The standard method of the entrance
process is an entrance test (multiple-choice test or open-ended test questions) (Becker,
2000). In Tokyo university the admissions process consisted of three main requirements:
(1) a written exam; (2) a personal statement and (3) an oral interview for candidates who
passed the written exam and application letter (Myskow and Gordon, 2012). Konec¢ny et
al. (2012) recommend to use a university entrance examinations model based on program-
specific knowledge and an alternative model relying on general study aptitude (GSA) in
the context of a strongly stratified educational system. Kono (2002) recommend that an
entrance examinations system should be investigated from a theoretic point of view. Here,
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the theoretic point of view means that subjects will choose the possible alternatives under
“rationality”. Other ways for university entrance for adult students could be to recognize
labour competences (Rodriguez et al., 2012). In Turkey the importance of the university
entrance examinations is exacerbated and is growing, due to the insufficient number of
free places at universities or in the alternative to higher education and providing access to
a career. The entrance examinations also play a determining role in the Turkish education
system. Thus, all aspects of secondary education are shaped by the exam. In short the
content of the entrance examinations impacts upon classroom teaching practices (Bastiirk
2011). Entrance examinations in Brazilian universities influence education production
efficiency (Zoghbi, Rocha and Mattos, 2013).

Within tertiary education the situation varies in different countries. On the one hand, the
lack of free places in universities and on the other hand, in some countries a declining
interest in studying at universities (mainly in technical fields). The next problem is
a declining quality of applicants. The trend in the decline in the quality of university
applicants in Czech Republic was proved by Maryska, Doucek and Mikovcova (2013).
The analysis in University of Economics Prague shows declining number of points
acquired while maintaining the unchanged difficulty of the entrance examinations in
mathematics (Beranek and Remes, 2012). Filipkowski (1993) suggested that the situation
with the declining quality of applicants and interest of study at university, can solved by
cancellation entrance examinations.

MATERIALS AND METHODS

This paper deals with the impact of cancellation of entrance examinations at university to
bachelor study. There are two courses taught at the Faculty of Economics of the University
of South Bohemia in Ceské Bud&jovice, which are so called profile courses, because
every student who starts to study at the Faculty of Economics has to enroll and pass an
exam on these courses. These are Microeconomics I and Macroeconomics I. These two
courses, their enrolment, results of exam (marks) were taken as a key factor in research
point of impacts given by entrance examinations and its cancellation in 2011. During the
first semester of study microeconomics is taught, whilst macroeconomics is taught in the
second semester.

All information about courses, number of students, passed admission and exams have
been mainly mined from records of teachers, students system used by the Faculty of
Economics of the University of South Bohemia in Ceské Budgjovice called STAG. Data
of years 2007 — 2012 were taken. The word “admission” is meant to be a translation of
the Czech world “zapocet”, which basically does not exist in English. The admission is
mostly representing by the written test, semester work and attendance at seminars. If the
students fulfil these requirements, they gain admission from teacher (pass admission) and
can take an exam as the next step. This system of two steps passing exams is valid at
Faculty of Economics of the University of South Bohemia in Ceské Budgjovice.

The test of hypotheses on relative frequency was used for verifying the validity of stated
hypotheses. Relative frequency is a measure of what proportion or percent of the data
values fall into a particular class. A straightforward calculation determines the relative
frequency from the frequency. All that we need to do is add up all of the frequencies. We
then divide the count from each class by the sum of the frequencies (Bissell, 1994). The
tests of hypotheses enable a decision to be made on the principle of the tested hypothesis
H_and the alternative hypothesis H,, which reject it. The decision results from the value of
test statistic. The set of permissible values splits into two parts: rejection region containing
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values of test criterion benefitting H,and sector of acceptance containing values of the
test statistic accepting H . The borders between them are called the critical values. For
individual sectors the hypothesis was tested on the premise that the difference between
relative frequencies m, of a particular variant set 1 and set 2 is 0. Null hypothesis is:
H:=n -=n,=0.
H, hypothesis is given by
H:m >n,=0.
which has, if the hypothesis H_is valid, an approximately standard normal distribution,
where p is the relative frequency (Hindls et al., 1999).

Testing statistic is given by:

(p—py) *\/nlnz

= )
\/p(l = D) *(n, +n,)
Weighted arithmetic mean:
p= (piny + pyny) @)
(n, +n,)
Relative frequency is given according to following formula:
n.
pP=— 3)
N
Significance level a is 5% and rejection criterion is:
U > ul—a (4)

For our sample following rejection criterion can be used U >1.645.

RESULTS AND DISCUSSION

The main objective of our research has been to explore the importance of entrance
examinations and its relevance on the results of exams. The presumption which was
mentioned above is, that students who passed entrance examination test reached better
results in courses economics (microeconomics, macroeconomics), had less attempts at
exams and achieved higher marks.

The table 1 and 2 show an overview of number of the students who have demonstrated
Microeconomics I and Macroeconomics I. The tables are sorted by year (2007 represents
academic year 2007/2008) and show how many students in each year of the 2007-2012
courses Microeconomics I and Macroeconomics I have occupied. As a special feature of
the table is the sum of the students who enrolled for the course per year and have passed
the admission and passed the exam. For example, in year 2007 the total number enrolled
was 310. From this number 230 students passed admission. Total number of students who
passed exam was 160. For each year can be calculated percentages as given in tables 1
and 2. We can see that the number of students who enrolled on the courses is increasing
on both courses. The differences between the total numbers of students within the same
academic year might be given by the number of students who repeat the course. Detailed
analysis of this fact is part of another research goal.

Following table 1 and 2 represent number of attempts (try) of exam, number of students
who succeed to gain admission and number of students who succeed to pass the exam.
We have to say that there have been no significant changes in level of tests, scope of
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curriculum, contents of course or any other considerable changes in these two courses
within years 2007 — 2012.

Year Total ~ Admission Exam aii?::in aggfir?i):ﬂn I:(S::;ld nIr(;tSIer
of attempts
2007 310 230 166 74.19% 72.17% 53.55% 491
2008 269 215 117 79.93% 71.42% 43.49% 490
2009 311 242 178 77.81% 69.55% 57.23% 470
2010 307 249 162 81.11% 65.06% 52.77% 532
2011 496 406 217 81.85% 53.45% 43.75% 931
2012 403 298 161 73.95% 51.03% 39.95% 707
Overall 2096 1640 1001 78.24% 61.04% 47.76% 3621

Tab. 1: Course Microeconomics I

Passed Passed exam  Passed Total number

Year Total Admission Exam admission after admission exam  of attempts
2007 296 191 163 64.53% 85.34% 55.07% 339
2008 265 156 133 58.87% 85.26% 50.19% 302
2009 328 222 179 67.68% 80.63% 54.57% 411
2010 324 241 191 74.38% 79.25% 58.95% 481
2011 512 372 321 72.66% 86.29% 62.70% 666
2012 349 297 219 85.10% 73.74% 62.75% 610
Overall 2074 1479 1206 71.31% 81.54% 58.15% 2809

Tab. 2: Course Macroeconomics I

With reference to table 1, it can be derived this result of falling percentage of students who
passed exam after admission. This result is significant at course Microeconomics I where
the 72.17% in year 2007 dropped to 49.03% in 49.03%, and average percentage change is
7.25%. This trend is not at Macroeconomics (shown in table 2. This point is ancillary to
the main conclusion of this paper, as is given in following paragraphs.

Another observed information was results and average mark of exam. Results and average
marks of exam are shown in table 3. There are basically no prestigious consequences in
this point of view. Detailed inquiry has not brought any relevant connection among marks,
in which try the student passed, courses and years before and after cancelation of entrance
examination. This statement was confirmed by statistical calculation of median, standard
deviations etc. After mentioned statistical calculations the need of longer time series has
been proved.
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Fig. 1: Trend of passed exam after admission in %, course Microeconomics I

Microeconomics T

Average  Average  Average Average

LG Try 1 EE Ty 3 mark try | mark try2 mark try 3 mark

2007  21.61% 20.97% 10.97% 2 2.23 2.5 2.19
2008 20.82% 15.99%  6.69% 1.96 2.08 1.78 1.97
2009  30.87% 19.61% 6.43% 1.91 2.08 2.3 2.01
2010 26.38% 17.26%  9.12% 1.97 2.33 2.5 2.18
2011 21.77% 1431%  7.66% 1.85 2.24 2.42 2.08
2012 17.37% 11.66% 10.92% 2 2.18 2.34 2.15

Macroeconomics I

Average  Average  Average Average

e Try 2 Ty 3 mark try | mark try 2 mark try 3 mark

2007 31.08% 15.88% 7.77% 2.19 2.52 2.48 2.33
2008  24.91% 12.83% 12.45% 2.1 2.06 2.33 2.15
2009  30.18% 17.38% 7.01% 2.35 2.48 2.7 2.44
2010  28.40% 17.90% 12.65% 2.12 2.3 2.51 2.26
2011 35.16% 17.58%  9.96% 2.1 2.31 2.37 22
2012 28.94% 22.64% 11.17% 2.32 222 2.49 2.31

Tab. 3: Results and average marks - courses Macroeconomics I and Macroeconomics I

As was given in the part Materials and Methods of this paper the statistical method called
test of hypothesis about matching of relative frequency on two samples was used to test
impact of entrance examinations cancelation on the students the years 2009 and 2010,
years when entrance examination was applied and years 2011 and 2012, after cancelation
of entrance examinations. Relevant data are shown in the tables 4 and 5.
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The hypothesis which were set are these:

H: m - m,= 0, represents, that there is no difference between sets

H,: m, > m,= 0, represents, that portion of successful students is higher

=, is set of students data in years 2009 and 2010

=, is set of students data in years 2009 and 2010
With the references to equations 1 —4 and data from tables 4 and 5 we calculated following
results for course Microeconomics 1.
Value U is (according to equation 1) 4.9711, so at significance level a is 5% and rejection
criterion is U > 1,645. This can be explained like this. Value of test statistic is in rejection
criterion and test at significance level a = 5% proved that in population is portion of
successful students (students who passed exam), who took entrance examinations is
higher. So the null hypothesis is rejected and hypothesis H, is proved. In other words,
students who had to take entrance examinations reached better results. This result is valid
only for course Microeconomics 1.
The different situation has come out with the course Macroeconomics I. Value U is
(according to equation 1) -2.3485. Based on this result we fail to reject the null hypothesis.
Given rejection criterion U > 1,645 is not valid. The result can be described as a fact, that
there is no difference between students (passed exam) who took entrance examinations
and those who did not.

Year Total Admission Exam Try 1 Try 2 Try 3

2009 311 242 178 96 61 20
2010 307 249 162 81 53 28
Sum 618 491 340 177 114 48
2011 496 406 217 108 71 38
2012 403 298 161 70 47 44
Sum 899 704 378 178 118 82

Tab. 4: Course Microeconomics I

Year Total Admission Exam Try 1 Try 2 Try 3

2009 328 222 179 99 57 23
2010 324 241 191 92 58 41
Sum 652 463 370 191 115 64
2011 512 372 321 180 90 51
2012 349 297 219 101 79 39
Sum 861 669 540 281 169 90

Tab. 5: Course Macroeconomics I

CONCLUSION

The main goal of this paper was to find out, with usage of statistical methods, the influence
of entrance examination cancelation on exam results and quality of students. Authors
attempt was as much as possible objectively reflect mentioned influence. The most
significant result is that there is a statistically confirmed difference of students of course
Microeconomics I (the first semester of economic) who took and did not take entrance
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examinations. On the other side, there is no difference at course Macroeconomics I (The
second semester of economics). The basic explanation for this is following. The course
Microeconomics I is held in the winter term of academic year, the course Macroeconomics
I is held in summer term. The entrance examinations were replaced by a system of
accepting process, which is mainly based on average marks reached at secondary school.
This fact can mean that there are a number of students who simply do not reach a required
quality and fail to pass exams, tests etc. This kind of natural selection results into the fact,
that in the summer term there are better students who proved required quality.

It is also necessary to put the question, what next factors could cause these differences.
The system of classwork can be ranked these among factors. Here we urgently point out
that the the system of learning and examination didn’t change over the years and is in
both courses Microeconomics I and Macroeconomics I is identical. Other possible factors
are staffing change, range learning or expressive increase number students in groups for
seminars. Authors also reject these factors because how personal structure of teachers,
so number students in groups over the years didn’t change. There was also no change in
range (content) of learning.

On the contrary as a positive factor for reducing differences, can be taken in recent years
usage of new electronic support for learning (tutorial videos, graphic microeconomics
and macroeconomics models and next e- learning supports), which improve results of
learning (Buntean, Andreica, 2010). The fact is, that mentioned e-learning supports can be
considered as a main factor influencing results of students. The authors realize these facts,
which are going to be point of next research and farther topic for discussion. This paper is
to be the first step in deeper analyses.

From our point of research goal, there is no significant difference in the course
Macroeconomics (as explained above). The future attempt of authors is to carry on
with an observation of results, repeat the research in a couple of years and confirm the
conclusion of this paper.
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ABSTRACT

Assessment of efficient learning is essential for the efficient allocation and use of
educational opportunities for teachers. In this paper, Data Envelopment Analysis (DEA) is
used to evaluate the relative efficiency of university students attending the specific subject
— Operations research. At first, inputs and outputs suitable for measurement the efficiency
of university students were identified. Each university student is finally modelled as a
linear system with five inputs and six outputs. Since the one input is identified as ordinal,
the classical DEA models could not be used. So the modification — IDEA models are
used for this paper. This model is tested and analysed on specific data of 554 students.
An application of DEA allows scholars to identify deficient activity in a given subject
or to change access for a specific group of students and to take appropriate action for
improvement. The designed model was implemented in GAMS software.

KEYWORDS
CCR model, DEA, IDEA, ordinal number, students

INTRODUCTION

This paper presents a case study where students from VSB-Technical University of
Ostrava, Faculty of Economics were evaluated via the Data Envelopment Analysis. This
approach was used in many researches before, e.g. Sinuany-Stern et al (1994) used CCR
model to evaluate departments at University Ben-Gurion and Kuah and Wong (2011)
used DEA approaches to allocate and utilize the educational resources and Stani¢kova et
al (2013) used this type of DEA method for measuring the efficiency of student research
projects. The efficiency of learning which is analysed in this paper should help teachers
to allocate and use the educational procedures within the course “Operations research”.

Data envelopment analysis (DEA) is a non-parametric linear programming based
technique for measuring the relative efficiency of a set of similar units — Decision Making
Units (DMU ). Since the work of Charnes et al (1978), DEA has been demonstrated as an
effective technique for measuring the relative efficiency of a set of homogenous DMUs.
In this applications, DMUs may include universities, university departments, students of
some course etc. CCR model is considered to be the basic variant of DEA method. It is
formulated for constant returns to scale (CSR) situation. Banker at al. (1984) extended
this model to variable returns to scale (VRS) situation. There are other types of DEA
models. In this paper is used CCR model with special case of inputs and outputs. These
are IDEA models where ordinal inputs and outputs are included. IDEA models as well
as any other DEA models are looking for an efficient frontier that envelops all data. Due
to these models all DMUs are classified as efficient i.e. located on the efficient frontier,
or as inefficient i.e. not located on the efficient frontier. Particularly for this paper, IDEA
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models are solved by the method of change of the ordinal number to exact number, this
method was used by Zhu (2002).

An essential topic in DEA is how to choose the appropriate inputs and outputs. Many
studies focusing on this problem exist. Input and outputs for this paper were chosen on the
basis of analysis and discussion performed by teachers of the course.

The analysis in this paper is performed in several ways. At first, the analysis of efficient
units was performed and then these efficient students were compared with the average
students. After it the efficient units were compared among themselves to find out the
efficiency degree.

MATERIALS AND METHODS

In this chapter, materials are summarized and methods with their specifics for this research
are described.

Data envelopment analysis (DEA) and imprecise DEA (IDEA)

Data envelopment analysis (DEA) is non-parametric approach for measuring the relative
efficiency of decision making units (DMUs) when the data for multiple inputs and outputs
are known exactly. Suppose that there is a set of 7 peer DMUs, (DMU, for k = 1, 2,
..., T), with multiple inputs x, ( = 1, 2, ..., R) and multiple outputs Vi G=12..,09),
respectively. Also, u, (i = 1, 2, ..., R) and vi=12 .., S) are the weights of i input
and j* output, respectively. Mathematically, the relative efficiency score of DMU, can be
define as:

fork=1,2, .., T (1

Charnes et al. (1978) proposed the very first DEA model — CCR ratio model for measuring
the efficiency score of under evaluation unit, DMU, where O € {1, 2, ..., T'}:

2

This model (2) can be transformed into the following CCR multiplier problem:

3)

When x,, (for any i) and y, (for any j) are imprecise and unknown decision variables as
bounded and ordinal data, see Cook et al (1993, 1996), model (3) becomes a non-linear
and non-convex program, and it is called imprecise DEA (IDEA), see e.g. Zhu (2002,
2003).

The bounded data can be expressed as
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“
for j € BO and i € BI, where v, and x, are the lower bounds, and Vi and x, are the upper
bounds. BO and BI are the associated sets. These sets contain bounded outputs and inputs,
respectively.

The weak ordinal data can be expressed as

(5)
forj € DO and i € DI, or to simplify the presentation,

(6)

where DO and DI represent the associated sets containing weak ordinal outputs and
inputs, respectively.
The strong ordinal data can be expressed as:

(N

where SO and SI represent the associated sets containing strong ordinal outputs and
inputs, respectively.
Model (3) involving (4) — (7) then changes into the following model:

®)

Where (x,) € 6, and (yﬂ) € Oj* represents any of or all of (4) — (7). The model (8) with the
(4) — (6) can be solved by the standard linear DEA models via concerning the bounded and
ordinal data into exact data, Zhu (2002).

The model (8) when O, and Gj* are in forms of (6) and obtain a set of optimal solutions

y',and x”, with the optimal e Q* is the following:

)

where M is sufficiently large, more accurate information are at articles by Zhu (2002,
2003). Note that in this case, model is no longer a non-linear program, but a linear CCR
model.
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DETERMINATION OF INPUTS AND OUTPUTS FOR MEASURING EFFICIENCY OF
STUDENTS

The model (9) was verified using the data set of 554 students. The data are taken from
the university information system. There are a lot of information about students and
their studies which could be considered as inputs and outputs but not all these data are
available. In case that the efficiency of student increases together with the value of a given
factor, this factor is considered to be an output, and vice-versa. Finally, five inputs and six
outputs were selected. Chosen inputs and outputs are summarized in Table 1.

Inputs Outputs
grade task 1
attempt task 2
mark task 3
average grade from high school task 4
average grade exam
points

Tab. 1: Identification of inputs and outputs

The grade represents the year of school which each student is enrolled in. The course
which is analyzed should be attended in the second grade. Generally, most of students
attend this course in the second year, but there are some students which have to repeat this
course in the next year. This variable is also the only one ordinal and this is the reason
why the IDEA model is used. The attempt indicates how many times the student had
attended the exam before the course was finished. This variable is moving from 1 to 4,
where 4 means that the student did not finish the course. The mark evaluates the result of
the course, again this variable is moving from 1 to 4, where 4 represents that student did
not pass through the course. The average grade from high school is moving from 1.00 to
3.18, the smaller average is better. The average grade is the grade from the university for
whole period of study. This average is moving from 1.31 to 3.00 and the smaller average
is better.

Task 1 to task 4 represent the number of points of the four written credit tests. These credit
tests have to be fulfilled at least at 50% before the final test and they can be repeated only
once (one regular and one corrective term. The score is from 0 to 7, 8 or 15, depending on
the type of the test. The more received points, the better. The exam represents the number
of points from the final exam test. This score is moving from 0 to 51, where 0 means that
the student did not pass the exam and 51 means that student achieved the highest possible
rating in final test. Points represent score of each student which was received during the
admission process to university. The lowest possible score was 323 and the highest was
3232.

Table 2 shows the basic descriptive statistics of inputs and outputs of all 554 students.
Average values of inputs should be as smaller as it is possible for the interval of the input.
On the other hand, average values of outputs should be as higher as it is possible.

For further analysis, it is possible to involve other ordinal variables — p. e. type of high
school, which can be considered as another important factor of students’ efficiency
because of different levels of knowledge provided by different type of high schools.

18 ERIE 2014



Inputs Mean Mode Median Std.deviaton ~ Max  Min

grade 2.10 2 2 0.30 3 2
attempt 2.87 4 3 1.23 4 1
mark 3.19 4 3 0.88 4 1
average grades from ) o) ¢ 1.94 0.44 318 1
high school
average grade 2.37 2.50 2.38 1.94 3 1.31
Outputs Mean Mode Median Std.deviaton =~ Max  Min
task 1 5.25 7 5 1.74 7 0
task 2 8.54 7 9 4.64 15 0
task 3 7.22 7 7 4.88 15 0
task 4 5.49 5 6 2.29 8 0
exam 17.16 0 28 17.33 51 0
points 1471.26 1395 1422 406.48 3232 323

Tab. 2: Descriptive statistics of inputs and outputs of all students

RESULTS AND DISCUSSION

In this chapter is the estimation of the relative efficiency by IDEA.

Expertly chosen inputs and outputs which have been already mentioned before are used in
the model (9). One input — grade is the ordinal number, which takes values two or three.
For this specific application, the model is as follows:

(10

where the set of ordinal variables DI contains only one variable - grade (x,) because
other involved inputs and outputs are nominal.
After solving the problem using the GAMS software, the relative efficiencies of university
students are summarized in Table 2. There are calculated the primary elements of the
descriptive statistics.
Table 3 shows that there are 239 students, who are efficient, the rest of students is inefficient.
That means that around 43% of all student are efficient. The mean value of the efficiency
is equal to 0.867, so it can be assumed that even if any student is inefficient, there is high
number of students which are close to be efficient. Maximum value of efficiency is equal
to 1, these are the efficient students — 239. Minimum value of efficiency is equal to 0.148.
So we can say that there is no one who is totally inefficient.
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IDEA model

Number of efficient students 239
Mean 0.867
Mode 1.000
Medium 0.895
Std. Deviation 0.125
Maximum 1.000
Minimum 0.148

Tab. 3: Descriptive statistics of relative efficiency for efficient students

Table 4 describes the average value of inputs and outputs just for efficient students. These
statistics may be called as the example of the prototype of the average efficient student
and they are further compared with the average value of inputs and outputs of all students
which are shown in Table 2.

inputs outputs
grade 2.06 task 1 6.54
attempt 2.60 task 2 10.44
mark 2.83 task 3 9.28
average grades from 1.83 task 4 6.74
high school 2.36 exam 2231
average grade points 1511.00

Tab. 4: Average values of inputs and outputs of efficient students

Table 5 shows four groups of efficiency. The first group are students who are efficient. The
second group are students who are highly efficient. Moderately efficient students are in
the third group and little efficient or inefficient students are in the last group.

Degree of efficiency: . IDEA
o in words
in interval model
1.00 efficient 239
0.99-0.85 highly efficient 132
0.84-0.70 moderately efficient 89
0.69 —0.00 little efficient and inefficient 94

Tab. 5: Degree of efficiency

Table 5 shows that 239 students are efficient and 132 students are highly efficient, 89
students may be called as the moderately efficient students and the rest of students are
classified as little efficient (it was already mentioned that no student is inefficient). More
than 43% of students were identified to be effective. That means that these students are
not dominated by any others and thus they reach the best value at least at one of factors.
The Figure 1 shows the information from Table 5 in a graphical representation in
percentage terms.
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Fig. 1: Degree of efficiency

CONCLUSION

In this paper, efficiency of students from VSB-Technical University of Ostrava in
performing the subject Operations research in the year 2013 was estimated. There are
used five input and six output indicators, namely the grade of the students, attempt to the
exam, examination mark, average grade from high school and average grade from the
university as inputs and points achieved for task 1 to task 4 and the exam and also points
for the admission procedure as outputs. One of the inputs is defined as ordinal while
the rest of the indicators are nominal. In order to calculate the student efficiency scores’
measurement there are used the DEA approaches, especially DEA approach for ordinal
inputs and outputs, e.g. IDEA method. The designed model was verified using the data on
students from the year 2013 acquired from the university information system. The results
of our approach showed that more than 43% of students were efficient in performing
the subject Operations research. These students are not dominated by any others. A non-
dominancy is caused by the fact that an effective student reaches the best value at least at
one of involved factor.

This research can be further extended. The designed model can be enriched by other
inputs and outputs to provide or confirm gained results and possibly improve the accuracy
of this model.
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ABSTRACT

This paper brings information about innovations in Bachelor study program at FVHE,
VFU Brno. The students of combined study program “Food Safety and Quality” started to
use e-learning in their studies. They used MOODLE to solve different tasks during three
months in winter semester and three months in summer semester. The tasks were focused
on active usage of study materials and Internet for creating sets of the test questions and
genetic examples, for finding animations of biological events and to create own models
of DNA or chromosome. At the end of the semester, the students were asked to fill in
questionnaire for obtaining their feedback. This form of study was positively evaluated by
100% of students and they also recommended using e-learning in other years.

KEYWORDS
Active guiding, evaluation, hygiene, MOODLE, innovations, knowledge

INTRODUCTION

There are three faculties at the University of Veterinary and Pharmaceutical Sciences Brno
(VFU Brno) in the Czech Republic. However, there is only one Bachelor study program
“Food Safety and Quality” at the Faculty of Veterinary Hygiene and Ecology (FVHE)
that is offered to students as a combined form of study. This form of study provides
an effective combination of full-time and distance learning, which in addition to self-study
brings students into a direct contact with teachers. Combined study in the Czech Republic
usually consists of self-studying and weekend tutorials that are organized once a month.
This way of organization would be problematic in case of veterinary studies, that is why
there are differences. The students of combined study have 2 weeks of intensive learning
(practical trainings and lectures) in each semester for three years. During these two weeks,
the students obtain a lot of theoretical and practical information. The lecturers offer them
their Power Point presentations and recommend the other study materials (books and
handbooks). After that, the students have free time for their individual work. They should
write protocols, study and prepare for written credit tests and final examinations that could
be in form of written test or oral examination or its combination. The study is very hard
and there is usually small number of students that successfully finish their study. Since we
want to change this trend, we started to help the students with their study.

During years 2009 — 2012, we did many innovations (new practical courses, new
handbooks, creation of multimedia guides etc.) in subjects of Master’s study programs.
Bartova et al. (2010) presented the experiences with innovations in Biology. For Bachelor
study program, there is a project «Innovation of Bachelor and Continuing Master Study
Program in Field of Food Safety and Quality» for period 2012 —2015.

As defined by Clark and Mayer (2011), e-learning uses various media elements to deliver
the needed content (words, pictures, videos, sounds, presentations, CD-ROMs) and
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includes the instructional methods (examples, practice, feedback) to promote e-learning.
Some authors did not prove the impact of e-learning on improvement of study results
(Manochehri and Young, 2006; Popelkova and Kovarova, 2013), however if the teaching
of e-courses should be effective, it must be done with an active learning (Renkl et al,
2002; McKeachie and Svinicki, 2006; Milkova, 2011). That is why e-learning should
include not only materials (lectures, animations, videos etc.) but also the ways of active
learning such as regular individual work of students controlled by teachers and writing
the control and credit tests.

The aim of this paper is to introduce our experience with innovations (active form of
e-learning) designed for students of Bachelor study program at FVHE.

MATERIAL AND METHODS

Starting from the year 2012, the teachers of different subjects have been working on
innovations for students of Bachelor study program. They have been writing new
handbooks, preparing new lectures, creating multimedia instruments and using e-learning.
Especially e-learning is very important instrument for combined form of study. At VFU
Brno, there is a MOODLE system used for creating courses for students of different
programs and study years. First, the teachers attended training on different possibilities of
MOODLE. After that, the teachers prepared courses for the students that are accessible at
this webpage: https://amos.vfu.cz/moodle/login/index.php with a password.
There was also one course created for Biology and genetics. We decided to use e-learning
for active work of students. It means, that every month, the students have to solve some
tasks (two for one month). Here are the examples of tasks:
1. Go through the lectures (that are available in MOODLE) and prepare set of questions
with one or more correct answers (three questions from each lecture) and mark the
correct one.

2. Use Internet and find out at least 5 different photos of secondary structure of DNA
in real life.

3. Use Internet and find out at least 15 different animations (3 for each topic) of some
biological phenomenons such as replication of DNA, gene expression, PCR etc.

4. Use Internet or make up the set of 15 genetic examples (3 for each topic), that are
different from those used in practicals.

5. Create own model of secondary structure of DNA and chromosome with crossing-
over (you can use different material).

At the end of month, the teachers evaluated the students” work (max. 50 points for one
task) and added new tasks for next month. At the end of semester, the students had to pass
the credit test that was also created in MOODLE. The students had to be successful in
answering the questions (70%) in test and had to obtain at least 150 of 200 points from
tasks. The students were also asked to fill in questionnaire with 9 questions to obtain their
opinion and feedback about e-learning.

RESULTS AND DISCUSSION

There is a major concern with combined form of study at FVHE, VFU Brno. There are
about 73 — 131 students that start to study each year, but only 5 — 8 students graduate each
year. It means that only 5 — 9.2% students successfully finish their study (Table 1).

There are many reasons of this problem; the study is hard, time-consuming, the students
are not supported by their employers etc. Another reason is also that the students absolve
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two weeks of intensive learning and training, and the other study is based on their self-
studying. That is why, it is important for them to have the opportunity to use high quality
learning materials, to be in contact with the teachers and to be continuously evaluated.

. . No. of students that No. of students that
Academic year ~ Application

started their study graduated (%)

2012-2013 385 73 6 (6.6%)
2011 -2012 358 131 8(9.2%)
2010 -2011 316 91 5(5%)
2009 —2010 195 87 8(9.2%)
2008 — 2009 226 101 7 (8.3%)
2007 — 2008 202 91

2006 — 2007 242 84

Tab. 1: Statistic of study at combined form in study program “Food Safety and Quality”

Since 2012, the teachers have started to work on innovations for Bachelor study program
and tried not to use only traditional methods of learning and education, but to enhance
it with new forms and learning methods using the electronic technologies. They have
been preparing new materials, writing new handbooks and creating multimedia web
pages. However, the best form of learning materials for combined study is e-learning
(virtual education), that is ideal for distance learning where course content is delivered
by various methods such as course management applications, multimedia resources
and videoconferencing; the students and teachers communicate via these technologies
(Kurbel, 2001).

At VFU Brno, e-learning courses were created for many subjects and one of them was also
Biology and genetics. In winter semester 2013, 18 students logged in course and started
to fulfill tasks that were designed for them to help them with continual study. During the
first semester, 5 students interrupted their study from different reasons, and only 12 of
them continued. They had to use lectures to create control tests for individual topics. The
sets of questions and answers were checked by the teachers and inserted in MOODLE for
self-evaluating the students‘ knowledge. The other tasks were focused on working with
Internet and finding web pages with animations of different biological phenomenons. The
teachers created list of animations based to topic and inserted it also in MOODLE for
students. The third set of tasks were focused on creating of models (DNA, chromosome),
that would help the students to understand the composition of biological structures. The
students created very nice models and used different materials (paper, cotton, buttons,
beads, candy etc.). You can see some models of DNA and chromosome in Figures 1 and
2, respectively. The photos of models were sorted and inserted in MOODLE.

At the end of the semester, the students (n = 12) fulfilled the questionnaire and all the
students (100%) evaluated MOODLE as well-arranged and sufficient, 100% of students
were satisfied with this form of study and positively evaluated the tasks of finding
the animations on Internet that helped them to understand the principle of biological
phenomenons. In total, 92% (11/12) of students thought that creation of questions and
answers helped them to go through the lectures and study the topics, 75% (9/12) thought
that creating of models helped them to understand the structure of DNA or chromosome,
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83% (10/12) of students thought that this way of study was not time-consuming and all
students recommended to use such form of study in following years. However we have
also constructive criticism that helps us with optimalization in following years, because
for example 75% (9/12) students thought that it was not beneficial to search the picture of
DNA in real life on Internet.

Based on the reaction of students, we can evaluate e-learning as a useful form of study
similarly as Aberson et al (2002) and Law et al (2010) that marked interactive materials
useful during the education process. The advantage of multimedia learning is an increased
accessibility to information, simplicity of distribution and updating content compared to
printed materials (Chu and Chan, 1998; Ward et al, 2001).

Fig. 1: Model of DNA created by students (Herkusovia K., Sroubovi P., Sebestova B.,
Koutnikova L.)

U

Fig. 2: Model of chromosome (crossing-over) created by student (Tassanyi N.)

CONCLUSION

This paper brings information about using e-learning in Bachelor study program at FVHE,
VFU Brno. The students of combined study program “Food Safety and Quality” started
to use e-learning for study of biology and genetics. They used MOODLE as a source of
materials but also to solve tasks such as creating tests from lectures, using Internet to
find web pages with animations of biological phenomenons, creating models of DNA
and chromosome from different material (paper, cotton, buttons etc.). Their work was
regularly evaluated by teachers. Finally, the students used MOODLE to write credit test.
At the end of the semester, they fulfilled the questionnaire and all the students evaluated
MOODLE as well-arranged and sufficient, they were satisfied with this form of study
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and positively evaluated the tasks of finding the animations on Internet. In total, 92%
of students thought that creation of questions and answers helped them to go through
the lectures and study the topics, 75% thought that creating of models helped them to
understand the structure of DNA or chromosome. All students recommended using such
form of study in following years. E-learning follows the long-term plan of VFU Brno
focused on the modernization of education system, creation of electronic learning texts
and easy access to modern information resources. In the following years, we can evaluate
the effect of active using e-learning on the study success.
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ABSTRACT

A course dealing with e-commerce is an important part of college education for students
focusing on practical business activities. In this article, we will describe an experiment
with the use of wiki technology in order to support students’ engagement and activities in
the course E-commerce. Using qualitative data, the findings reveal that students perceived
the wiki application as only moderately supporting collaboration efforts and learning and
engagement. Wiki application is perceived by students differently compared with other
social technologies and this can discourage students from adoption of wiki technologies.
It emerged also from experiments that detailed rules for the use of a wiki application must
be strictly specified and course content must be modified around wiki application. The
paper provides some information to the other teachers who are considering the inclusion
of wiki teaching into their courses.

KEYWORDS

Electronic commerce, wiki, education, active learning, social technologies

INTRODUCTION

The improvement of students‘ approach to learning in the subject E-commerce is our
unceasing goal. If the teaching of the course E-commerce is to be effective, it must include
a component of active learning, see for example Renkl et al (2002), Williams et al (2006),
McKeachie and Svinicki (2006), Nerguizian et al (2011), or Milkova (2011). E-commerce
is a practical discipline. Active learning puts less emphasis on the transmission of
information by means of lectures and instead focuses on developing analytical and
critical thinking of students. Although the transmission of information through lectures
is important for the teaching of e-commerce, rapid development in technology leads to
many changes in topics and new themes often have to be inserted in the course of teaching
a class (Beranek, 2013). Web technologies are developing constantly and it is difficult to
cover all possible technology changes due this development. It means that teachers must
be able to show students how they can find relevant information and how they can work
with this information. But it means that students can contribute with their knowledge
and experience to the content of the course as well. An important part of our approach
in the e-commerce course is the working on projects in students’ teams. This is the way
students learn to cooperate with each other in finding and processing information. Based
on these facts, we decided to incorporate collaborative software wiki into your course.
The inclusion of wiki technology into our course was also influenced by the fact that this
technology is used by business (especially by technological) companies in practice.

Generally, collaborative social software support knowledge sharing and collaboration
(Sigala, 2007; Volek and Alina, 2013). It allows to create a flexible learning environment
(Alavi, 1994; Tlusty and Binterova, 2013). Social software includes web applications
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such as blogs (on-line narrative), wiki (sharing of content and knowledge), discussion
forums (exchange of information) and other. Distinguishing factor of social software
technologies is that users become publishers rather than just consumers of information.
In this paper, we focused on the practical experience of using a wiki technology to
promote student activity and their involvement in the course E-commerce. Positive
attributes typically associated with using a wiki are: cooperation, organization, operation
and cognition (Biasutti 2011; Cole, 2009; Guth, 2007). Wiki supports better organization
of information through the creation of a website referencing between pages (Schwartz et
al., 2004). Wiki can also promote discussion among students which has been shown to
promote higher levels of cognitive engagement (Kanuka, Rourke and Laflamme, 2007),
critical thinking (Richardson and Ice, 2010) and collaborative learning (Beranek, 2012a).
The objective of our paper is to examine the effectiveness of the use of wiki in the
course E-commerce. The question is: can wiki technology be used to improve students’
engagement? Engagement was defined as active participation in class and subject. We
also wanted to find out if the wiki technology could be used to create a repository of
knowledge at the course level. This means, can wiki be used to create a meaningful course
content suitable for evaluation?

Overview of the characteristics of wiki technology together with methodology overview is
given in the next section. This is followed by an overview of the of action research dealing
with integration of wiki into E-commerce course. The paper ends by presenting a series
of reflections on the appropriateness of educational incentives and course content design
and offers some knowledge for the other teachers who are considering the inclusion of
wiki teaching.

MATERIALS AND METHODS

Description of wiki technology

Wiki (wiki means fast in Hawaiian language) is a website (hypertext documents) that
allows users to add content, as in Internet chat rooms, but in addition, it also allows users
to modify existing content. Using a simple HTML markup language, users are able to
add and edit content using any web browser without prior programming knowledge. To
avoid undesired modifications of wiki documents changes are recorded. If an inaccurate
or inappropriate content occurs wiki administrator can go back to the previous version
(Parker and Chao, 2007). Content is added to the individual topics, users gradually
improves and extends the other posts. This has led some commentators to suggest that
the wiki is a useful tool for building communities of practice (Gowin-Jones, 2003). Wiki
is also used by workgroups in business practice. Educational use of wiki provides several
learning advantages (Fountain, 2005): evolutionary knowledge building and progressive
problem solving, possibility to explain the various and often contradictory ideas, clear
definition and evaluation synthesis, critical questioning and reflection and the ability to
avoid premature decisions and engage in a comprehensive analysis of the others work.
Despite the potential positive qualities wiki, there are a number of complicating factors
that must be also considered (Cole, 2009). These factors relate to design issues, personal
aspects of participants or wiki maintenance. If a wiki should work well clear guidelines
and expectations must be defined (Zydney et al., 2011). Wiki is an online both synchronous
and asynchronous tool depending on how students use it.
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Methodology

Basic methodological framework is based on the theory and practice of action research.
Action research is a cyclical process of reflective practice particularly suited to educational
settings (Klein, 2012). Action research is a continuous series of events for collecting data
on the functioning of the system examined in relation to the set objectives and goals. It is
also a process involving the processing of these data within a system of feedback which
is usually a result of a plan for further actions aimed at changing the selected system
variables. A process of implementation of planned actions based on jointly formulated
hypotheses and follow-up results of the evaluation processes is a part of action research
as well.

Our wiki activities in the class were based on wiki software module which is a part of
e-learning system Moodle (Moodle, 2014). Moodle provides all necessary tools and wiki
functionality. It is important that it is compatible with existing virtual learning environment
used at our university. It only needs to make minor adjustments in the relevant software
modules to adjust the software for our purposes.

Data were obtained from the second year undergraduates studying the course E-commerce.
The number of students was 32 students. Students were acquainted with the use of wiki at
the beginning of semester in October 2013. One seminar was devoted to the explanation
how to handle wiki, what students can expect from wiki, what it is for.

The inclusion of wiki into the course E-commerce also needed some pedagogical changes
before the start of the course. The course has been changed from weekly instruction.
Discussion on lectures and seminars occurred on predefined alternate time. It gave
students ample time to discover and publish new material to the class wiki. Presentation
course material now became part of the wiki materials. For example, lectures presentation
including images that helped students consider questions on wiki. These materials also
provided links to additional reading resources.

It was established that the use of wiki was optional at the beginning. However, since the
amount of wiki posts was only a few, we conducted in the middle of the semester interviews
with students to gain a deeper understanding of student attitudes to the wiki. Participation
was voluntary, and responses were recorded manually. Then it was announced that the
active use of the wiki will be evaluated and will affect the final grade in the subject of e-
commerce. In January 2014 we performed final interviews. We investigated the students*
opinions on the wiki after they had finished the course.

RESULTS AND DISCUSSION

Optional phase of the use of wiki

There were overall twelve students’ posts on the wiki after six weeks (mid-semester
teaching). While student participation in seminars took on average about 75 % of the total
group, students had only interested in participating in traditional educational activities.
Hence an open questionnaire was administered in the middle of the semester to determine
whether the lack wiki use was simply a student disinterest in technology or reflect broader
concerns about the dispatch of the material or other.

Out of thirty-two responses indicated that four-fifths of them visited the wiki. But they did
not mostly add any contribution. The reasons ranged from lack of time due to the tasks
of other courses (educational limitations) to difficulties with the use of wiki (technical
limitations), and finally, complete to lack of interest. As can be seen in Fig. 1, almost a
half of respondents (42 %) cited problems with the use of technology as a reason for not
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posting anything wiki. Regarding these technical problems, students generally argued that
the use of the wiki in the e-learning system Moodle was not intuitive like in other social
technologies they used. Nearly a quarter of respondents (24%) reported full-year terms
from other courses to prevent them from making wiki posts. It was interesting that 12% of
respondents highlighted doubts about the quality of their contributions as a reason for not
making any wiki posts. Some these respondents argued that they were not in a position to
send informed answers to the wiki because they did not study the topic thoroughly. The
remaining 22 % of respondents simply did not care about posting on wiki.

Fig. 1: Arguments of students why they did not use wiki

Mandatory phase of the use of wiki

As already mentioned, in the middle of the semester, it was stated that the active use of the
wiki will be evaluated and contributions to the wiki will affect final grade in the subject
E- commerce. Then, of course, the number of contributions increased substantially. We
encouraged students to write posts and to use wiki within the team so that it helped them
in solving their tasks.

We investigated the students’ opinions concerning the use of the wiki with the help of
questionnaires after they had finished the course in January 2014. We examined how the
students perceived wiki after finishing the course. For example, did it support collaboration
and collaborative interaction between peers? To which degree did wiki activity support
learning?

Views on the use of wiki improved compared with the previous survey. Students had
to deal with technical problems and eventually they got used to the wiki environment.
Students rather appreciated the team cooperation via the wiki and in the end they felt the
wiki beneficial for their learning. We give some results of our research below:

The majority (n=27) of students (83%) reported contributing their own ideas or resources
to the wiki 4-5 times in the second half of the semester while the majority (n = 28) of
students (86%) posted 0 or 1-3 times in the first semester (see Fig. 2).
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Fig. 2: Frequency of posts during semester

Number of editing and changing information in wiki occurred less often than posting
original information. Five students (17%) stated that they never edited or reviewed
information in wiki. Twenty-four students (75%) did so 1-3 times and three students (8%)
did so more than 7 times.

As Riel and Polin (2004) describe in their paper the fewer changes that are made to the
wiki pages, the less likely students will feel they are collaboratively working toward
co-constructing knowledge and information. Such students perceive the wiki as a static
information collection and dissemination tool rather than a dynamic, knowledge-based
learning community.

We chose more difficult assignments which students have to solve within the course
(Beranek, 2012b; Stastny 2011). Hence these assignments required more collaboration
among the team members. Surprisingly though, minority of students reported perceiving
the wiki as a technology that eases collaboration with peers. Though students mostly
perceive the wiki to neither help nor prevent or to be difficult to handle properly now,
seventy-one percent of the students perceived the wiki as neither helping nor preventing
collaboration (see Fig. 3).

Fig. 3: Students’ perception of wiki’s supporting collaboration

We wanted also understand if students perceived the wiki activities supporting their
learning of course content, regardless of its ability to support collaboration. A majority
(n = twenty-nine) of students (92%) felt that the wiki was moderately effective in helping
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them learn/engage with the course, and only one student felt it was very effective (see
Fig. 4).

Fig. 4: Students’ perception of wiki’s effectiveness in supporting learning

The results are interesting and can be inspiring for other teachers who are considering
using wiki technology in education:

» [t is important to manage behavior and expectations in relation to use wiki. It is not
enough simply to add a wiki to course and to expect that students will automatically
participate. The course must be designed with regard to the use of wiki. For example,
specially designed team exercises proved to be very useful. Wiki posts could relate to
any aspect of individual and group work, and even support overlapping of teaching
and learning through annotated contributions within students’ teams. Teachers must
be clear about intended results of the technology used.

» Findings suggest that student motivation for using social technologies seems to be
linked to their perception of entertainment. Comments are active between friends
(like for example when students use the Facebook). Also important is usefulness,
what useful information can students get from wiki. These aspects must be
considered when creating an educational context.

*  Wiki helps in the processing of group projects. Students can post the message for
group discussion and comment. The content created by one member is visible and
can be edited by the others. Wiki is used then to supplement other publishing and
communication tools in the process of collaborative learning (team assignments
solving).

CONCLUSION

In this paper, we concentrated on understanding the potential of the use of Wiki in our
E-commerce classrooms. We supposed that the use of wiki in the E-commerce classroom
could improve learning of individuals in the group as well as the whole class. We
introduced into the E-commerce course team activities in which Wiki became a useful
tool in supporting collaboration and communication.

Wiki enables easy authoring of web content, open access or unrestricted collaboration. It
is clear that wiki can contribute to the improvement of teaching and learning practices.
However realizing the wiki potential in education is far from trivial. Effective utilization
requires from teachers thoughtful, deliberate planning and creativity. The perception of
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some students, who currently sees little value in wiki technology as a tool for learning,
may be altered in the case of properly suggested course content.

In future research, we want to perform more observations to get a useful frame for
understanding the respondents’ views of how the wiki may or may not be playing a role
in collaboration among students and teachers. Technical aspects of wiki technology may
have an influence on the students’ perceptions of the wiki for learning and collaboration.
In future research of wiki use, we want also to collect data and track students’ contributions
so that research might correlate frequency and type(s) of wiki activity with students’
perceptions of the wiki’s role in collaboration and learning. In that way, the research might
identify specific profiles of use that lead to greater gains in learning.
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ABSTRACT

The two forms of the tests in the subject “Applied Mathematics for Informatics” are used.
The self-tests provide periodically scheduled testing to verify student‘s knowledge and to
improve their knowledge based on tests findings. The exam-tests purpose is to assess the
student‘s knowledge of the subject before the oral exam.

In this paper the scores of periodic self-tests scores and exam-tests scores of the subject
“Applied Mathematics for Informatics” from the last 3 years have been analysed. The
main goals of this paper are to determine whether the scores of self-tests and exam-tests
scores have had the similar tendency and analyse the relationships between the scores of
self-tests score and exam-tests.

KEYWORDS

Self-tests, exam-tests, analysis of variance, f-test, student‘s t-test

INTRODUCTION

Exams and grades, periodic testing and test scores are a very important part of the
pedagogical work. The purpose of the periodic tests is to periodically verify student‘s
knowledge and to improve their knowledge based on tests findings. The purpose of final
test is to assess the student‘s knowledge of the subject.

Two types of the tests are used in the subject “Applied Mathematics for Informatics” - the
self-tests and the exam-tests. The students have to receive at least 60% of self-tests points
to obtain credit. The student’s course grade is generally based on the scoring on the exam-
tests and the oral examination. The basic statistical methods can be used to compare the
relationships between the results of self-tests score and exam-tests score.

Basic statistical analysis of tests results is a method often used in many study information
systems or e-learning systems which include also test modules, but these tools give only
summary results, more detailed study is done for instance for mathematics courses or for
entrance tests at University of Economics in Prague (Kaspiikova, 2011, 2012a, 2012b,
Klafa 2012, 2013), or for distance programs courses at CULS Prague (Jarkovska et al.,
2012).

The aim of this paper is to analyse the basic characteristics of the self-tests scores and
the exam-test scores in the subject of Applied Mathematics for Informatics (AMI). This
article follows the work of the authors (Brozova and Rydval, 2013) in which the exam
results of the subject AMI from the years 2009/10, 2010/11 and 2011/12 were analysed.
This analysis was performed because the students considered the exam-test to be very
difficult and because the students’ grades were too low.

In this article the exam results analysis are extended including the analysis of the self-tests
results and the analysis of the relationships between the scores of self-tests and exam-test.
The main questions which need to be answered are:
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* Have the results of self-tests and exam-tests had the tendency to worsening in the
last 3 years?
» Is there any relationship between the results of self-tests and exam-tests?

MATERIAL AND METHODS

Description of the self-tests and exam-tests

The subject Applied Mathematics for Informatics (AMI), is in the curriculum as
specialization of Informatics in regular and distance study programs in the Faculty of
Economics and Management Czech University of Life Sciences, Prague. Within the
completion AMI, the students have to pass the six self-tests and the final exam consists
of written and oral part. In the last 3 years the test results of this subject has not reached
the satisfactory level.

The main topics of the subject are covered by the lectures and seminars, definitions and
steps of algorithms are highlighted during the teaching. Hour duration of the course is two
hours of lecture and one hour of a seminar a week. It places great emphasis on individual
preparation of students. During the course the students have to periodically fill out six
self-tests covering the main subject topics.

The self-tests have the form of multiple choice test. Each self-test is scored and the total
possible score is 100 points. Students have 5 attempts to complete each the self-test within
a certain period of time. The best score is included into the final score. The maximum
score from all self-tests is 600 points. The students have to receive at least 360 points
(60%) to get credited and be allowed to take the final exam.

During the last lecture the brief recapitulation of the subject content is made and the
structure of the exam is described together with the scoring and grading system.

The exam tests are tests with open questions —in the form of essay or in the form of
mathematical question. The exam-test is scored and the total possible score is 100 points.
The minimum amount of points necessary for the oral part of exam is 50 points. The
grading system uses three grades: 60 — 73 points is a good grade, 74 — 86 points is a very
good grade and 87 — 100 points is an excellent grade. During oral examination students
have to confirm their knowledge, or may increase their score and improve their grade.
For the analysis of self-tests and exam-tests results, the total scores of tests and the final
grading have been collected from the last 3 years (2010/2011,2011/2012,2012/2013) and
from all students, regardless of the number of attempts. Together we have analysed 356
self-tests and 750 exam-tests.

Statistical methods used for analysis of the average received points in self-tests and
exam-tests

Firstly we have done some basic statistics i.e. minimum, maximum, measure of location
(mean), measure of variability (variance, standard deviation) (e.g. Bassett, Bremner and
Morgan, 2000). Then to verify the presumption of conformity with the variance based
on the sample data we used F test. The Null hypothesis says that the variances in the
population are identical (Gravetter and Wallnau, 2009). After F-test we have tested
hypotheses about the mean values conformity (two-sample test). The Null hypothesis
says that the group means are the same. We assume that the variances of population are
unknown, but 1) sample variances could be equal (based on the F-test), then the Student’s
t-test was used, 2) sample variances couldn’t be equal (based on the F-test), the different
t-test criterion was used (Osborn, 2006).
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To test whether or not the differences between means of several groups of data are
significant we used one-way (one factor) analysis of variance (ANOVA). The Null
hypothesis says that the means are identical in each group. Chosen factor was a year.
Post hoc analysis was done by Tukey s test (Peck and Devore, 2012). The decomposition
of effective hypothesis is shown by box plots. There are vertical bars which indicate
confidence intervals of means with ration 0.95.

RESULTS AND DI1SCUSSION

The main questions which this study wants to answer are:
* Have the results of self-tests and exam-tests had the tendency to decline in the last 3
years? In this case the two Null hypotheses are formulated as follow:
— HI: Average score gained from self-tests in three reporting periods are not
significantly different
— H2,: Average score gained from exam-tests in three reporting periods are not
significantly different.
» Is there any difference between the results of self-tests and exam-tests? In this case
the Null hypothesis is formulated as follow:
— H3,: Average score in both tests is not significantly different.

Analysis of the tests results

The main characteristics of the scores in the both tests are in Tab. 1.

Variable Sample | Mean | Minimum |Maximum | Variance géi?;?;i
Self-test 2010/2011 356 | 66.105 10 95 227.104 15.070
Exam-test 2010/2011 265 | 48.234 0 97 616.884 24.837
Self-test 2011/2012 99 63.192 10 90 364.209 19.084
Exam-test 2011/2012 193 | 46.570 0 93 546.694 23.381
Self-test 2012/2013 165 | 64.990 10 86 138.918 11.786
Exam-test 2012/2013 292 | 40.935 0 100 600.652 24.508
Self-test2010/2013 356 | 66.105 10 95 227.104 15.070
Exam-test 2010/2013 750 | 44.964 0 100 601.714 24.530

Tab. 1 Basic analysis of the both tests results

Using ANOVA test it has been shown that the average results of self-test in the years
2010/2011, 2011/2012 and 2012/2013 are not identical (p=0.000; F=6731.422) and
between at least one pair there is a statistically significant difference at the chosen
significance level 0.05.

A more detailed analysis (Tukey’s test) shows that a statistically significant difference
exists between the years 2010/2011 and 2011/2012 (p=0.000515) and 2010/2011 and
2012/2013 (p=0.003334). Among the years 2011/2012 and 2012/2013 statistical difference
doesn’t exist (p=0.604219). Graphically, the differences are evident in the plots (Fig. 1).
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Fig. 1 Average results of self-tests in the analysed years

Similarly, the average results of the exam-tests between 2010/2011, 2011/2012 and
2012/2013 are also identical (p=0.000; F=2511.880) and between one pair only exists
statistically significant difference at the chosen significance level 0.05 (Fig. 2). Post-hoc
analysis (Tukey‘s test) shows that a statistically significant difference is only between
the years 2011/2012 and 2012/2013 (p=0.033663) and 2010/2011 and 2012/2013
(p=0.001201).

1se-wexgy
S

201012011 2011/2012 2012/2013
Year

Fig. 2 Average results of exam-tests in the analysed years

In the year 2010/11 students gained on average more points in self-test than in the
exam-tests (Fig. 3). Although variances of scores are statistically different (p=0.144291;
F=1.360992), their average is significantly different, (p=0.000166; t=3.840800).
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Fig. 3 Self-tests and exam-tests in the year 2010/2011

Also in 2011/12, the average number of points in the self-test is higher than in the exam-
tests (Fig. 4). Variances are significantly different (p=0.001253; F=2.075) as well as
averages are statistically different, (p=0.010318; t=2.595116).
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Fig. 4 Self-tests and exam-tests in the year 2011/2012

In contrary the students received in the year 2012/13, the same average score in the self-
tests and the exam-tests (Fig. 5). Variances are statistically different (p=0.000; F=3.047),
but the average is not statistically different (p=0.058757; t=1.898690).
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Fig. 5 Self-tests and exam-tests in the year 2012/2013

These results and analysis show that students results are worsening during the years and
that the results of the self-tests (used for crediting students) are better than the results of
the exam-tests. It seems, that selected testing system in the AMI subject is suitable and
distinguishes good between crediting and examination of students.

The scoring and grading system (including entrance knowledge testing in form of self-test)
is widely used for students” evaluation. There are many possibilities how to evaluate the
knowledge of students. Some of them are multiple-choice tests, which are often applied for
entrance examinations in mathematics (Klufa, 2011), essays and mathematical questions,
which are mostly used to evaluate the final knowledge of students in mathematical courses
(Kasptikova, 2011).

Multiple choice tests results can be evaluated easily for large number of students and this
kind of students testing is suitable for entrance knowledge testing. On the other hand,
many students can obtain number of points in the test just by guessing the right answer,
this problem pointed out Zhao (2005, 2006). Standards tests results are complicated to
evaluate for large number of students and this kind of tests is suitable for final knowledge
testing. On the other hand, students cannot obtain points in the test just by guessing the
right answers. Students have to demonstrate their knowledge through complex answers.
That is the reason for using the exam-test in form of essays and mathematical questions.

CONCLUSION

The main findings of this study can be formulated as follows.

» The results of self-tests and exam-tests have had the tendency to decline in the last
3 years. Average score gained from self-tests or from exam-test in three reporting
periods are significantly worth although the tests are identical. This tendency is more
evident when viewing the results in the last 10 years (BroZzova and Rydval, 2013)

» There is a significant difference between the results of self-tests and exam-tests
except the year 2012/2013. The results of self-tests are better than the results of
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the exam-tests. The reason may be that the students compiled test at home, have
unlimited time and maybe use the help of any resource, even a friend.
For the future research we plan to use the paired t-test for comparison of the students
results in both types of tests. We also want to evaluate quality of the test items in the self-
tests using its proper characteristics.
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ABSTRACT

With a significant increase in information and communication technology (ICT) in
schools there is a need for subject specific teacher education on integrating technology
into their teaching. Such education must be methodologically well-developed and relate
to the local context. To find an efficient and effective way to organize teacher professional
development courses, we carried out a study to evaluate the impact of an ICT integration
course for in service high school English teachers. In this article we inform about a case
study focusing on one of the participants. This case study is a part of the overall evaluation
to show us how the teacher training courses reflected on their teaching. We used the
Technological Pedagogical Content Knowledge (TPACK) framework for explaining the
results. We have also identified barriers in integrating technology in this particular case.
In the discussion part we suggest several changes to improve the training course and
eliminate the barriers.

KEYWORDS
CALL, EFL, ICT, technology barriers, TPACK

INTRODUCTION

In the context of the Czech Republic, Information and Communication Technology (ICT)
has become available to every teacher (Carbova, 2012). By access to ICT we mean for
example connection to the Internet, a computer for the teacher, computers or laptops for
students, the interactive whiteboard, learning software etc. The key factor determining
whether the technology will or will not have an impact on the learning process of the
students is the teacher, their skills and beliefs (Ertmer, 2005). The focus of studies on
integrating technology has thus shifted on studying how teachers use technology, how
they integrate it into the curriculum and how this changes the teacher’s role. In our
research we wanted to see the impact of a course focusing on how to integrate ICT into
English as a Foreign Language (EFL) teaching. The case study we present here is a part of
a more extensive project with the aim of finding a most efficient way of training in-service
teachers on integrating technology into EFL lessons in the context of high schools in the
Czech Republic (Carbova&Betakova, 2013).

The teacher, who volunteered to become the subject of this case study, is a graduate of a
Teaching English for Secondary Schools study program, who has worked as an English
teacher at a high school for five years. The class observations were carried out at a school
situated in a city of 100,000 inhabitants. The students there are offered to attend a grammar
school or a specialized high school with an Information Technology major. In the classes
we have observed there were a minimum of five and a maximum of twelve students. The
classroom settings were quite untypical because the school has a one to one notebook
policy meaning that each student has their own device. This effort goes so far that the
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students do not use printed books anymore. In the classrooms where we were present
there was no data projector, although this hardware was available in another classroom.
The Internet connection was provided in the whole school building.

While we were collecting data for this case study, several issues occurred. Because of the
somewhat unique classroom settings of one-to-one technology integration, we need to
consider which affordances are typical for laptops. The topic of affordances in integrating
technology into education deals with what are the characteristic benefits of a particular
technology since they are not obvious (Koehler and Mishra, 2008). So if a person is given
a laptop, it is not clear how to use it for a specific purpose. In order to find out affordances
of a particular device, we have to explore it (Gaver, 1991). It is believed that the
affordances of mobile devices include the option of using specialized interactive websites
for teaching content, the availability of educational apps, other apps for users that are not
specifically designed for education but can be used in classes (reading, note taking apps,
presentation software), supplemental functions (the Internet, online dictionaries) and the
ability to switch between single programs very quickly (Golland, 2011). Building on the
knowledge of affordances it is desirable to change the way of teaching and learning. There
are three important questions to ask: “What course content is suitable for transmission
to mobile computing devices?” “What is the rationale for implementing mobile learning
technologies?” and “How will the instructor role change?” (Corbeil and Valdes-Corbeil
in Golland, 2011:13)

Another important topic that comes up in the related literature is the degree of student
engagement. That is defined by investment of physical and psychological energy (Astin,
1984). The underlying theory claims that the more engaged the students are the more
they learn. Some researchers claim that just the presence of one-to-one technology itself
can make a difference in enhancing learning motivation, developing cognitive skills,
improving learning strategies and planning for learning in daily activities (Li and Pow,
2011).

The last topic, which stood out during the class observations and the interviews, are
technology barriers. Alkawaldeh (2013) identified fifteen barriers in utilizing ICT for
educational purposes. These barriers are usually interconnected. They all can be divided
into five groups: barriers related to the expected consequences of use, habit, social norms,
facilitating conditions and barriers that cannot be associated directly with antecedents of
utilization (lack of ICT skills, difficulty of integrating ICT into education, training teachers
who then change jobs). In their case study Park and Ertmer (2008) identified different
barrier areas to implementing ICT. The most important was called “Vision sharing”.
While the school administration implemented technology as a tool for increasing student-
centred learning, the faculty involved in the project believed that ICT was a means to
promote pedagogical change through student-centred approach to instruction. The next
barrier was lack of feedback from the administrative leading to the idea that it makes no
difference whether and how the teachers implemented technology in their lessons. The
other barriers fell under lacking knowledge and skills, motivation, rewards and incentives
and tools and environment.

MATERIALS AND METHODS

Let us first look at the organization of this training course. It was spread out over a time
span of one month and consisted of five workshops. Each workshop focused on a different
topic and each was led by a different teacher. All teachers leading the workshops were
experienced in teaching English as a foreign language and integrating ICT into their

44 ERIE 2014



teaching practise. The partakers were not required to attend the whole series so their
presence depended on their choice and individual possibilities. Except for learning how
to work with the technologies, we also focused on how to integrate the new ideas into
English lessons. After every workshop there was a task to work on at home with feedback
from the teacher afterwards. The workshop was conducted in a form of blended learning.
The online course, which accompanied the face to face lessons, contained manuals on
the relevant ICT tools tailored to the purpose of this course, assignments and a forum to
share students’ experiences. As the participants were at different levels of experience with
using ICT, the teaching method combined the instructional approach with assignments
for students that required them to create materials for t