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ABSTRACT

The present paper introduces some strategies used in teaching an Informatics course for non-IT first year university
students. The strategies were developed during several years, using the main principles of flexible and blended learning.
The methodology has been based on the results of experiments with students from social sciences, economics and
technical faculties. Numerous tests were carried out to find out the level of prior knowledge and the preferred learning
styles of each student. According to the results, students were divided into separate groups within an e-learning
environment.

The authors considered three main aspects: student’s background, the level of knowledge and the most suitable style of
learning. The success of the experiment presented in this paper is demonstrated by comparing the academic results of the
test group who was taught using the new strategy with the reference group, taught in a common way.
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1. INTRODUCTION

High level higher education is one of the most important aspects in the social development of a country. How
can a learner get it? What can an educator do to provide it? First of all, both parties should be aware and
using modern techniques that help raise learning effectiveness.

At present there are so many opportunities to deliver information and knowledge, especially with the help
of the World Wide Web. The Internet has quickly spread into all areas of human life around the world. In our
country it is impossible to imagine an everyday activity without some e-components: e-government,
e-school, e-health, etc. Furthermore, e-learning is also a rapidly developing possibility with various
platforms.

The main goal of e-education is to provide knowledge for each learner in the most suitable form.
However, huge amounts of information from different sources do not guarantee perfect knowledge.
Therefore, educational e-materials have to be carefully selected and structured to provide for the needs of the
learners. It is a new paradigm of the present-day education.

In modern times, all information and, as a result, all knowledge is rapidly changing, making it impossible
for educators to predict exactly what the contemporary student will need to know tomorrow — on the next
level of his study or in their future work. Instead, teachers have to be helping students to develop the
necessary habits and skills which would enable students to learn whatever they might need in their future.

At the moment, Informatics is a continuously and rapidly changing subject in the university curriculum.
The main purpose of computing courses, therefore, should be to develop computational thinking and skills
needed to use the standard PC equipment on an advanced level, as well as to help users understand and
follow the latest trends in the field of IT.

The contents of an Informatics course often seem to be inextricable for the first year non-IT students.
There are several reasons for it: from low motivation to the absence of the real IT-projects during the first
year at the university. Gradually, it has become obvious that IT-courses need to be innovated and the needs of
the target audience have to be taken into account: we need more flexible learning possibilities and as much
individualization in the teaching process as possible.
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2. THE COURSE OUTLINE

The Informatics course under discussion belongs to the curriculum of all specialities and it has been designed
for the first year non-1T students. It lasts for two semesters and is taught in three languages.

The main purpose of this course is to develop computational thinking by means of creating applications
(using spreadsheets and some programming environments). The learning process starts with processing and
analysing data in MS Excel: writing formulas, using built-in functions and drawing charts. The amount and
topics of practical tasks and the theoretical material depend on the students’ faculty: social sciences,
economics, chemistry, civil engineering or mechanics.

In the second part of the course students learn the basics of modelling and programming in practice.
Python and Visual Basic for Application (VBA) are the programming languages used.

It should be mentioned that this part of the Informatics course used to be rather complicated for most of
the students, especially students from the economics and social sciences departments. Difficulties at the start
of programming tasks were solved by implementing graphical programming as an introduction to the course.
After several years of experiments we chose the graphical programming environment Scratch as the main
tool to introduce the main programming steps (MIT Media Lab, 2015). Scratch is a very intuitive language
and greatly helps learners to take on board the main concepts and terms of modelling and programming such
as the variable, subroutine, process, branching or cycle.

During the course, we try to use and combine different styles of teaching and learning: the orthodox
face-to-face classroom method, pair or group work and, especially, students’ independent learning in the
e-environment. A learning environment such as Moodle (Moodle Trust, 2015) provides us with a great
variety of different additional opportunities which enable making the learning process more flexible and
more individual. A major way is the learning pace adjustment and variety in the number of learning
assignments, which are based and matched with students’ level of knowledge and their learning styles.

3. THE COURSE EVOLUTION
3.1 The Background

Unfortunately, teachers cannot provide all learners with one-to-one tutoring at all educational institutions.
However, this fact has not affected the main aim of the educational process — to guarantee high-quality
knowledge and modern skills. During the experiments with our course structure and content, we considered
the differences in students’ characteristics, especially their background (the faculty and the level of prior
knowledge) and their preferred learning styles.

Since 2010, a group of lecturers started applying a new approach to the design of the computer science
courses. Year by year this approach has become more flexible and adaptive to the nature of every student.

At the beginning, we randomly divide all the students into equal reference and test groups. The division is
not linked to the students’ specialization. The average number of members in each group is about 100-150; it
varies depending on the general number of students. It should be noted that students are not aware of the
research. The reference group is taught using the same course materials but these students are not supported
with any additional systems. The students of the test group are directed in choosing their e-learning materials
based on the data obtained through the tests in the e-environment.

Our intention here is to compare the results of these two groups at the beginning and at the end of the
course.

At the beginning of the course the students are tested to find out their level of knowledge in the
Informatics subject. Experience has shown that such testing is necessary for the development of the course
content. The purpose is to keep track with new times and main trends, as the computer science is one of the
fastest-developing sciences (College Board, 2015), (CSTA, 2015).

The nature of the tests for both groups is similar and based on the concepts defined in the European
Computer Driving License (ECDL) (ECDL Foundation, 2015). The assignments focus on some principles of
the work with the PC, like creating text documents and presentations, handling information using the
spreadsheets, and elementary programming knowledge. Tests include both practical and theoretical tasks.
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The programming category of the questions was added to the test some years ago and is currently
developing rapidly. We bear in mind that a new elective course “Basics of Application Development and
Programming” was recently included in the secondary school curriculum in our country and assume that this
is already showing the first results.

The current situation of teaching computer sciences at schools in our country is quite discrepant. Some
secondary schools do not have informatics lessons at all, in some schools it is taught only for two or three
years, which is a very short period to prepare students for the university level. This drawback is associated
with two main reasons. The first one being that there is no nationwide Informatics curriculum in our country.
The second one is that Informatics subjects are not mandatory in our primary schools. A logical consequence
of these reasons is the situation where each primary school teacher introduces learners to the material at his
own discretion: certain pupils draw in Paint, others learn the computer hardware in theory, etc.

In connection with this, the level of PC skills among non-IT learners falls every year and reduces to
commonplace Facebook usage. The follow diagram (Fig. 1) shows the last year statistics about non-IT testing
at the beginning of the Informatics course. The feasible maximum number of points is 100. As can be seen,
the level of computer skills is quite low and steadily decreasing.

Figure 1. The averages of the beginning test

We are also faced with another problem: school pupils who have obtained sufficient
informatics-knowledge at their schools or additional courses often become IT students at university level.
Unfortunately, they are not our audience.

In the current work for innovating the Informatics course and individualization of the learning process the
authors can name the main strategy — a maximally effective use of the e-environment with its possibilities.
E-learning allows modern students (with a personal computer, connected to the internet) to attend the course
anywhere and at any time. It is very important to get the material or submit the homework on time regardless
of whether the student is or is not at the university.

3.2 E-course

The first phase, which we named “e-course”, includes the adaptation of educational materials for the
e-environment in Moodle.

Uploading a set of lecture materials and exercises into a learning environment does not ensure that
students comprehend it and obtain necessary knowledge. Therefore, in order to make study materials suitable
for an e-course all teaching materials (theory as well as materials for practice) were thoroughly revised. Our
aim was to provide an effective delivery of the online content. To achieve this goal we aimed at working out
a new pedagogical and didactic policy as well as strategies for the new e-course.

Theoretical materials were innovated and supported with learning videos. It should be noted that in our
course we use not only video lectures but also short screen-captures, which explain the most complicated
tasks. Creating these videos, the authors adhered to the principles of Khan Academy (2015). Practical tasks
of the course were reconsidered and supplemented with various group and pair work tasks and also self-tests.
These innovations made the Informatics course more dynamic and attractive for our students. Both groups,
the test and the reference group got access to this renewed course.

At the same time, we have not abandoned the standard lessons in computer classes. They were held as
usual but now we got many advantages. Due to the e-lectures and visual explanations in Moodle we had
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more time for practical training in contact lessons. It is necessary to mention that students have no access to
practical exercises unless they solve the tests which are based on the theoretical material of each topic.
Thereby students come to the lessons already prepared for the practical tasks. Often they get a few small
practical tasks in the e-environment and afterwards, in class, they use already ready solutions to solve the
bigger tasks.

It is generally known that effective computing is impossible without practice. During face-to-face lessons
students work in pairs or groups and are given an opportunity to try the obtained knowledge in practice.
Moreover, such kind of work develops teamwork skills, which is very important, especially for the first-year
students during their first semester.

In such case, the role of the classical educator is slightly different — the lecturer becomes more of a
supporter in the students” team work of their learning assignments. During contact lessons learners have an
opportunity to ask questions related to their homework and share their practical skills and experience with the
rest of the group. Practical knowledge transferred in such a way is obtained much faster than in standard
lectures. This fact was confirmed by the results of student tests and feedback.

In their feedback students named another advantage of such practical lessons: they have an opportunity to
get support or to ask something not only from their teacher but from other students, too. It should be
mentioned that this form of support is equally important and useful for both sides: the one who gets it and,
especially, for the one who gives it. To detect, explain and, afterwards, to correct a mistake in calculations or
in the program code is a substantial practical skill in computer science subjects.

In addition, in an e-environment students get their practical assignments in accordance with their
specialities but still united under a common subject topic. For example, students from the economics
department get more tasks related to table calculations; social sciences students implement the information
filtration, statistics calculations and various requests.

It should be noted that the course materials are organized sequentially and it is not possible to get a new
portion of theoretical materials and practical tasks without solving the previous ones. Thanks to checking
opportunities in the e-environment, like tests or self-tests, teachers do not have to spend time on routine
inspection of the assignments at all. Using the automated checking tools gives students an opportunity to
learn within their own pace. They do not have to wait for the feedback on the assignments from the lecturer
and his/her manual permission to proceed onto the next level. E-checking systems do it faster and as many
times as is needed.

In addition to the aspects mentioned above we and our learners use forums very actively in our course.
This way the students get an opportunity for online communication and fast online help. Our aim was to
show that they can get support and advice any time, and can also share their ideas, problems and solutions.
Through these forums we often get perfect brainchildren for group work and individual assignments.

Another advantage that non-IT students have when they participate in the e-course is that their technical
skills improve.

Transition to the Moodle e-environment gave our educators an opportunity to follow students” progress
and it became fairly easy to get the statistical data of different samples for analysis, development and
improvement of the implemented learning methods.

It makes no sense now to recount all the advantages that we achieved during the first stage of our
modification of the course. Such benefits have already been systematized and described in detail in different
sources (Broadbent, 2002). However, we would like to mention the first positive results of our work:
students’ feedback and increase in academic achievements. The data was extracted from an e-environment,
where students and teachers get information about the courses and curricula, students declare courses, keep
results and give anonymous feedback on their educational process. The authors do not present specific data in
numbers in this paper because the transition of the course into e-learning took place a long time ago.

3.3 Prior Knowledge

Starting from the second stage, which the authors entitle “prior knowledge”, experimental work takes place
only with students from the test group. The students of the reference group are taught as usual.

At the beginning of the course we start with dividing the students into three e-streams based on their
readiness for Informatics subjects. This division was realized through an e-test and implemented in the
Moodle environment. The students, however, were not aware of the experiment.
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In the described division we proceeded from the level of students’ knowledge required to start the course.
Those students whose e-test results are more than 85 points we named “experts”; “advanced users’” result is
between 60 and 80 points, other students are called “beginners”.

The named groups of students receive different amounts of practical and theoretical tasks in Moodle, with
different levels of difficulty. To move to the next topic the mandatory set of exercises has to be solved. In the
e-environment, the “beginners” and “advanced users’” have to solve their sets of tasks before they get access
to “experts’” exercises — the main material of the course curriculum. “Advanced users” solve their tasks and
can proceed to the main topics.

These additional sets of tasks are catered for exactly what learners need to know for the current
Informatics course. Students do not need to pay for any additional 1T-courses and they get all the materials
and assignments centrally, in one place — the Moodle e-course, in parallel with their main studies.

To automate and speed up the checking of the increased number of tasks we have developed a special
e-tests system.

Thereby, we could increase the amount of practical assignments for students with different levels of
readiness without increasing the subject hours and students’ load. This stage of the course innovation gave us
an appropriate level of the students’ readiness for face-to-face lessons.

The above mentioned method provided our Informatics teachers with actual and important information
about what the learners knew before starting the course. Every year we get an overview of the current
situation of Informatics subjects at secondary schools in our country. Moreover, according to the results, we
are able to provide students with the necessary learning materials.

3.4 Learning Style

The third part of our innovation experiment with the course modification is the “learning style” phase and it
was also realised in Moodle. This stage is a continuation of the test group’s students division into groups.
There is a lot of research about the individualization of learning depending on students’ abilities (Kolb,
1984), (Palmer, 2011), (George Lucas Educational Foundation, 2014). In our course Felder-Silverman model
was picked out as the basis for the distribution (Felder & Spurlin, 2005), (Felder & Brent, 2005). In this stage
we could maximize the use of the Moodle e-opportunities.

Learning styles are characteristic cognitive, affective, and psychological behaviours that serve as
relatively stable indicators of how learners perceive, interact with, and respond to the learning environment.
Students learn best when instruction and learning context match their learning style.

Depending on their learning style, Felder differentiates between the following groups of learners:

— active and reflective
— sensing and intuitive
— visual and verbal

— sequential and global.

For better comprehension of the topic we give a brief description of the learners’ types.

Active learners acquire new knowledge best by doing, discussing and explaining it to others in a group.
At the same time reflective learners first think about it alone.

Sensing learners like learning facts and solving problems by well-known methods. Intuitive learners
prefer discovering new possibilities and relationships and they are more innovative.

Visual learners remember pictures, diagrams, charts and videos best. Verbal learners prefer written and
spoken explanations.

Sequential learners like step by step studying, where each step follows logically from the previous one.
Global learners prefer to get information by large portions and randomly.

Through a test, we learned that the majority of our course participants in the test group were active and
visual learners and they had very strong preferences for their learning process. These preferences were
detected according to the Felder test, which was held at the beginning of the course. It should be noted that
each year the number of active and, especially, visual students increases (Fig. 2).
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Figure 2. The increase of the number of the visual and active learners

Throughout the educational process, students were provided with necessary learning materials and
activities in accordance with Felder’s instructions.

For example, active learners automatically received more group work and opportunities to help others —
they could check and correct other students” work and assignments in Moodle; they answered questions in
the e-course forums and took the role of a tutor in face-to-face classes. It should be mentioned that they did it
with pleasure. For visual learners, a great variety of visual representation of the educational materials (that
was already mentioned above) was provided. Interests and preferences of the other types of learners were
also taken into account.

4. PROGRAMMING BASIS FOR VISUAL LEARNERS

As mentioned above, the majority of the course participants are visual and active learners. For visual learners
it is very important to see “how it works” and for active — “to try it out”. In the most complicated module of
the Informatics course, programming, we found a solution — maximum visualization.

Our introductory module, with Scratch as the main tool with its graphical elements, is already perfectly
visualized. Scratch’s dynamics and attractiveness helps visual students to understand the main ideas of the
created applications. Working in this programming environment, active learners can manually modify some
program elements and immediately see the result. Moreover, there are no syntax mistakes in Scratch that
greatly facilitates the programming process. Therefore, introduction to programming in our course has
already been visualized (Fig. 3).

The next module, VBA or Python, is rather complicated for non-IT students. What can be visualized
there?

VBA already has a built-in visualising tool: students can follow the code execution using the Locals
Window (Fig. 4). The named window automatically displays all the declared variables in the current
procedure, their names, types and values in the real time. When the Locals Window is active and visible, it
automatically updates during the time the program is running — visual students can follow the code and check
each step and its result in their applications, especially if they run programs in step-by-step mode.

Locals @
when dicked
: : [ VBAProject. Moduie3 Lao_Tabel =
o R (s l-da-Oh Expression \Value |Tyue -
. Module3 Module3/Module3
n 5 Variant/Double
m 4 Variant/Double
a -100 Variant/Double
b 100 Variant/Double
alg Range/Range
Tabel Variant(1to 5, 1 to 4
Tabel(1) WVariant(1to 4) f
Tabel(1,1} 2 Variant/Double fl
Tabel(1,2y -59 Variant/Double
? Tabel(1,3} -45 Variant/Double
say for € secs Tabel(14) 80 VariantDouble
Tabel(2) Variant(1to 4)
'l Tabel21) -4 Variant/Double
= for o o ) Tabel(22) 65 Variant/Double
- . 4] Tabel(2,3} -85 Variant/Double j
Figure 3. Scratch program Figure 4. VBA visualizing tool — Locals Window
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Besides the Locals Window it is possible to use the Immediate Window to reach the same goal: check and
correct mistakes and understand the program structure.

Unfortunately, Python does not have such an opportunity, but in spite of this, it still needs to be visualised
for the beginners in programming. Therefore, we introduce the Online Python Tutor to our students. Using
this internet application they can follow each step of their program code and check the variables’ values,
types and the order of the operators during the execution. It has to be mentioned, though, that the online tool
has some drawbacks, as it does not support the Python graphics, time functions and files processing.
However, for the beginners in coding the application gives an understanding of the main principles of
program construction and code execution (Fig. 5). There have been cases when students started to write the
program not in Python environment but directly there, on the internet.

Python 3.3 Frames Objects

import random Global frame module empty instance

def randomsumma (many) :

random
summa = 0 function

i i randomsumma randomsumma (many)
- for 1 in range (many):

number = random.randint(-10, 10)

= 2 += number randomsumma

print {summa) many 5

randomsumma (5} summa -4

Edit code P2
number -9

line that has just executed
=+ next line to execute

Figure 5. Python visualizing tool

Using these online and built-in tools we could raise the interest to programming among the non-IT
students in the second part of the Informatics course.

5. COMPARING THE RESULTS

Figure 6 shows the results of both groups” tests at the beginning and at the end of the course. The possible
maximum number of points is 100.

20
80
70
60
<0
0
0
20
0
2013/14 2014/15 2013/14 2014/15
se The end of the course
Reference group results

Figure 6. The testing results of the both groups

As can be seen, the average test results of the reference group students are high enough - approximately
76 points, but test group students’ average results are 16 points higher — about 92. The given outcomes
confirm the topicality of our research and the suitability of the chosen method of the course innovation.
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6. CONCLUSIONS

During the process of upgrading the Informatics course, we were able to create a model of individualization
of the educational process in an e-environment, which considers the level of students” prior knowledge and
their preferences in the learning process (Fig. 7).

-
e ]
Learner

] |
Pror knowlegde [
[

Beginner ] [ Advanced user ] [ Expert ﬂ

M
]

Learning style

Active/Reflective ][ Sensing/Intuitive ][ Visual/Verbal ][ Sequential/Global ]]

Figure 7. The model of the course

Applying this model, we try to find an individual approach to each student in our e-course and make it
more flexible.

The experiment results, presented in the article, show positive outcomes of the strategy and suggest that
there are no unreachable aims in an educational process. The authors intend to continue with the created
model and develop the Informatics e-course for non-I1T students in the chosen direction, trying to maximally
adapt it to students with different preferences.
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