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Abstract
The paper discusses some approaches we have applied in our department to over-
come some current problems identified in our higher education system. During the 
last few years, we have developed a detailed study manual which guides students 
during their preparation for seminars. The study process is supported by formative 
tests and assignments for self-preparation. Two summative knowledge term tests and 
a comprehensive term assignment are also presented. Moreover, the summative and 
formative knowledge tests are targeted at higher levels of taxonomies of educational 
objectives in the cognitive domain. The majority of activities are supported by LMS 
Moodle and custom system for evaluation of term assignments. All course activities 
are tied together by a complex scoring system. We believe that the identified prob-
lems are common to the majority of higher educational institutions in our region, 
and our solutions can serve as inspiration for other academics.
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1 Introduction
Massification of higher education systems in the Central European region and 
openness of educational systems of European countries for students from our 
country cause many new problems in Slovak higher education which we did not 
face in the past. Most of the problems are problems which were solved in the past 
by Western universities up to 40 or 50 years ago; it sometimes seems that it is 
enough to get inspiration from Western universities by looking at how they once 
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solved the problems we now face. However, academics from Western universities 
report that their universities are faced with different kinds of problems [5],[7],[8], 
so it is not so easy to rely on their experience. The problem which arises most 
commonly is an increase in the number of universities (about 40 at this moment), 
as well as the number of students. In spite of the fact that our department, the 
Department of Computers and Informatics, Faculty of Electrical Engineering and 
Informatics, Technical University of Košice, has not faced a massive increase in 
the number of students, the consequences of the massification of higher education 
are present in all their complexity – primarily in a decrease in the students’ inter-
est in studying. In addition, as we have already hinted at above, another problem 
is the relatively large number of Slovak students studying abroad (mainly in the 
Czech Republic). The next problem of regional universities (the majority of Slo-
vak universities, including ours) is that quite a high number of capable students 
from our region study in the capital city at top Slovak universities.

2 Common reasons for a course redesign
We are not alone in thinking about current problems in Slovak higher education 
and in trying to experiment with various solutions ([1-3], [9-10]). However, we 
think that we have been able to find some common reasons which form the basis 
of our problems. Our thoughts stem from factors associated with intelligence pre-
sented by Thurston. In [4] the author states the following factors: 

 � the ability to affect verbal relationships, 
 � word fluency, 
 � the ability to manipulate relations in the spatial dimension,
 � perceptual abilities, 
 � the ability to manipulate numbers 
 � memory, 
 � general ability to reason, 
 � the ability to reason inductively, 
 � the ability to reason deductively.

We assume that (the level of) intelligence across the population can be mod-
eled by normal distribution and that university students are mentally the most 
capable part of the population. In this context we deduce that the massification of 
university education has lowered the average level of the above factors associated 
with intelligence. 

In [6] (based on work [11]) the authors state that universities in North Amer-
ica underwent the process of massification about a hundred years ago while 
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Western Europe universities started this process 50-60 years ago. According to 
[6] during the transformation of the former educational system (authors refers to 
this system as elite with 15 % of high school graduates entering higher education) 
to the massive form of education (50% of high school graduates entering higher 
education), the application of old managerial methods can be still observed. We 
claim that the same might be observed in the educational process itself – we still 
try to apply approaches (ways of teaching) we used in the past during the era of 
the elite form of education.

We can take into consideration one more factor related to intelligence - intrin-
sic motivation to acquire new knowledge. We can reformulate it in the context 
of motivation to study – the lower the level of intelligence, the lower the level of 
motivation to study. This could explain the frustration of teachers who teach in 
current university classes. On the other hand, students who have been allowed to 
enter a university, expect to get appropriate knowledge, skills and training. They 
are not “guilty” of not meeting the expectations of ordinary teachers. It is up to 
us, teachers, to adjust educational processes in order to be able to fulfill students’ 
expectations. 

Software engineering, similar to computer science and even mathematics, is 
a purely abstract discipline dealing with data, information and the ways of its pro-
cessing. In this context, the factors of intelligence, such as the ability to affect ver-
bal relationships, the ability to manipulate relations in spatial dimension, memo-
ry, the general ability to reason, the ability to reason inductively and the ability to 
reason deductively are all crucial for students who study information technolo-
gies. A decrease in these abilities consequently influences the educational process. 
In this case, the main task of a teacher is to try to eliminate such a decrease in 
students’ abilities, and to help less skilled students to increase their productivity.

3 Course organization in the past
In the past, in the period of elite education, the educational process (lectures and 
seminars) was rather loosely organized. The main emphasis was on lectures – the 
main educational purpose was to transfer teachers’ knowledge to students (teach-
er-centered education). The seminars were usually based on the lecture contents 
and gave students the opportunity to understand presented topics deeply or to 
develop certain mental skills (e.g. in mathematics - calculation of limits, deriva-
tions, or integrals).

It was assumed that students would participate in the educational process 
regularly on a day-to-day basis, were able to understand the presented material, 
could remember facts and were able to derive reciprocal relationships. Nowadays, 
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complaints about students’ attitudes to studying, coming from all sides, do not 
reflect the change, but instead hark back nostalgically to the era of elite higher 
education (elite - as defined in [6]).

In our subject, Operating Systems, lectures and seminars curricula were sepa-
rated about 20 years ago. The main goal in doing this was to ensure that students 
have the opportunity to acquire required skills in the field of system programming 
in UNIX/ Linux operating systems and not just to memorize the basic principles.

4 Redesigned parts of course
Based on the factors associated with intelligence, it can be assumed that the av-
erage student’s ability in mental processing of the lecture contents, the ability to 
work with literature, the ability to derive relationships between presented facts 
etc. is less now than in the past (during the elite university study era). To eliminate 
these drawbacks, a supportive study guide has been developed to help our stu-
dents to cope with necessary topics. Each chapter of the study guide (published as 
PDF files) is introduced in the form of a mind map presenting essential concepts 
for a given topic (Figure 1). The objectives, the motivating scenario and the esti-
mated time for completion of the presented topics (Figure 2) have been specified 
for each topic and its sections. A student is guided step by step through the study 
material (Figure 3) with explanation of key concepts. Moreover, the students are 
required to test their understanding of the topic with presented practical exam-
ples.

As mentioned above, it can be assumed that teachers deal with students with 
lower intrinsic motivation to study than most students had in the past. It means 
that we have to provide external motivation for students to study. Formative 
knowledge tests are used for these reasons Figure 4). These have been developed 
for each seminar topic in our Operating System course. The goal of each test is to 
motivate students to prepare for the following seminar. Sets of home assignments 
for each topic have also been developed to motivate students to work after sem-
inars, We also provide opportunity for students to practice acquired knowledge 
and practical skills in the UNIX/Linux environment. Currently, students upload 
their home assignments to the LMS Moodle, where the teacher checks them man-
ually.

Besides providing students with study guidance and formative knowledge 
tests, systematic verification of knowledge is also very important. Two summative 
knowledge tests have been developed to objectively check knowledge and intel-
lectual abilities acquired by students. The aim was to develop test items classified 
at the higher levels of Bloom's taxonomy (Figure 5, 6). The higher level items 
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ensure that the student is able to demonstrate understanding (not memorizing) 
of the required knowledge and intellectual skills as well.

Figure 1 Study guide – topic mind map

Figure 2 Study guide – objectives, estimated time and scenario



 THE REDESIGN OF THE SEMINARS IN AN OPERATING SYSTEMS COURSE

2127

The home assignments and the summative knowledge tests concentrate on the 
particular topics presented during the seminars. The comprehensive term assign-
ment (Figure 7) was created to give students opportunity to connect together al-
most all the knowledge and intellectual skills presented throughout the course 
into one common solution. The goal is to verify knowledge and practical skills in 
the area of UNIX/Linux system programming, covering most of the topics pre-
sented during seminars – file handling, processes creation, program execution, 
communication between processes (pipes, signals, shared memory), synchro-
nization, and network communication (UDP and TCP protocols ,IP protocol). 
Moreover, in order to increase the productivity of teachers, a web - based applica-
tion has been developed allowing students to upload their assignments. The up-
loaded assignment is compiled and tested. In addition, every student is provided 
with the detailed protocol of translation and testing. The number of uploads is 
unlimited, therefore, the student has chance to modify his or her assignment. 
The same assignment is used for all students so the application checks all upload-
ed solutions to the problem of plagiarism. The teacher has an overview of the 
state of the student’s assignment (submitted, not submitted, number of attempts, 
date of their successful submission, level of originality or plagiarism, etc.) and the 
possibility to compare the solutions of students who may be suspected of having 
plagiarized (Figure 8).

Figure 3 Study guide – step by step instruction
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Figure 4 Formative knowledge test item

As mentioned above, the problem with plagiarism was foreseen in the case of 
term assignment, therefore, the application was developed with plagiarism detec-
tion functionality from its beginning. Unexpectedly, certain problems with the 
formative tests had to be solved because of plagiarism. These tests are designed to 
guide a student through study materials, and thus, have a fixed structure. Some 
students decided to share their item answers on social networks and many of their 
colleagues just copied their answers and used them in their own tests. In the first 
stage of the problem solving it was quite easy and quick to identify not only the 
students who copied the answers, but also those who shared the correct answers 
on social networks by comparing their answers (because of open ended items and 
multiple valid answers, e.g. using or not using diacritics, not answered items, etc.). 
In the next phase, the time stamping item, provided by LMS Moodle, was used for 
more complex analysis and identification of the suspected students (Figure 9, 10).

Figure 5 Summative test item – files
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Figure 6 Summative test item – processes

The strict scoring system (Table 1) was designed to ensure objectivity of term 
assessment. Students gain points for any given activity (such as formative test, 
homework, summative test, assignment, documentation) At the end of the se-
mester, each student gets points based on the sum of all scored activities and the 
teacher’s subjective evaluation, which represents less than 20% of all the points 
awarded to assess a student’s activity.

Figure 7 Comprehensive assignment
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Figure 8 Computer application for assignment evaluation

Figure 9 Formative test – evaluation of plagiarism – data
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Figure 10 Formative test – evaluation of plagiarism

Table 1 Course scoring system

Required activities Formative tests Home assignments
Summative test I.
10 points

2 points for each test 
over 75%
(8 weeks)

2 points for each
series of home

assignment
(9 weeks)

Summative test II.
10 points
Term assignment
20 points for program
10 points for documentation

5 Conclusion
The presented activities have been developed and introduced step by step over 
a period of several years. The complex approach described here, has been imple-
mented during the last two years. From the teacher’s point of view, we were really 
able to implement and refine all presented activities. The questionnaire was used 
to gather students’ opinions. The responses vary. Some students were not satis-
fied with the requirement to prepare systematically, while others were satisfied 
and appreciated the fact that they were well prepared for midterm and final tests. 
A small number of students failed to gain enough points during the term and gave 
up before its end. We assume that it could be a future challenge for us to identify 
such students as soon as possible and provide them with the support they need to 
cope with their study problems.
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