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Abstract—This paper outlines the possibilities of implementing the ele-
ments of smart computer graphics (applets and animations) into the curriculum
of science-oriented school subjects. Applet is a purposeful (especially educa-
tional) program, which was developed on the platform of modern elements of
smart computer graphics. These elements allow us to visualize technical and
natural objects, phenomena or processes in such a degree of clarity which can-
not be achieved by traditional ways of visualisation or by using traditional tech-
nological techniques. To be more specific, thanks to computer animations and
simulations it is possible to slow down, speed up or shred the processes over
time as well as phenomena taking place in natural systems. Moreover, we are
able to visualize objects that cannot be seen with the naked eye because of their
size (too small or too large), inaccessibility to humans or, in-fact, their non-
existence. Application components called Interactive Computer Graphics (hy-
pertext, drag and drop, etc.) as well as Flash animations included into the teach-
ing-learning process are together with a comprehensive methodology of their
application, a part of newly designed teaching method. The efficiency of this
method is verified by pedagogical experiment.

Keywords—Modern elements of smart computer graphics, Experimental teach-
ing and learning method

1 Introduction

There are several definitions characterising an applet. The following one is careful-
ly chosen from Wikipedia. In our opinion, it gives relevant and sufficient information
about the investigated object [1].
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An applet is a software component that runs in the context of another programme,
for example a web browser. An applet usually performs a very narrow function that
has no independent use. Hence, it is an application. The term was introduced in Ap-
pleScript in 1993. An applet differs from the ‘subroutine’ in several features. Firstly,
it operates only on the ‘client’ platform environment of a system, as contrasted from
‘servlet’. As such, an applet provides functionality or performance beyond the default
capabilities of its container (the browser). Also, in comparison to subroutine, certain
capabilities are restricted by the container. The applet is written in a compiled lan-
guage, while the scripting language of the container is an interpreted language, hence
the greater performance or functionality of the applet. Unlike a ‘subroutine’, a com-
plete web component can be implemented as an applet. This long definition; however,
needs to be extended with a short description characterizing a Java applet from the
methodological point of view. In our opinion, an applet is a ‘small’ special mono-
functional application programme used for example for interactive animations or
calculations made by a client himself without the need of cooperation with a server.
When applied into the pedagogical process, a Java applet enables the teacher to create
texts with simulations. Thus, it becomes an instrument for creating interactive teach-
ing materials. (An annotation of this article contains our definition).

The main goal of this research is to create Flash animations and Java applets in or-
der to improve the way of teaching natural (and technical) sciences. It is our intention
to innovate the system of teaching university students of natural sciences in the teach-
er training programmes. For this reason, we have created over two hundred Java ap-
plets in the Java environment. The applets are made in the following way: static pic-
tures and figures from traditional printed text books are being animated or simulated.

Finally, we intend to create a virtual visualisation ‘supplement’ that would extend
the range of visualisation potential of traditional printed textbooks (as well as the
potential of didactic construction kits). We attempt to maximise already existing tools
and platforms and thus maximise the power and efficiency of visualisation.

Moreover, we demonstrate the way of applet creation and its didactic function on
one of our applets. The creation principles, strategies and tactics are analogical for all
applets. In general, the key point of using visualization may be explained as follows:

e The phenomena, processes and objects such as a) pictures or figures in a traditional
textbook, b) model construction kits, c) other three-dimensional models are being
visualised in a traditional (static) way

e The phenomena, processes and objects that go beyond the boundaries of traditional
and conventional ways of visualisation are being visualized by means of Flash an-
imations and Java applets (‘enlargement of a hand of knowledge’)

1.1  Strategy and tactics of creating experimental way of visualization
(applying elements of smart computer graphics in teaching-learning
process)

“The principled essence” of the difference between experimental and a traditional
way of natural processes visualization is in our research associated with the dynamici-
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ty. While the traditional way of visualization is based on using “static” techniques of
visualizing the natural and technical systems, in our experimental way of visualization
also “dynamic” techniques are being used (computer modelling, computer simulations
and their results presented by computer graphics - Fig. 1).

Symbiosis of traditional Above-real illustration
and computer supported Reality and and above real
_ practicality elaboratebility
(The purpose is to strengthen - +
advantages and suppress (Traditional visualisation on the (Visualization on the basis of
disadvantages of traditional basis of measuring) teaching interactive and
and modern trends in teaching) simulation computer models)

Fig. 1. Scheme of strategy and tactics of creating experimental way of visualization

The innovative experimental system (called NIESVA) was designed to eliminate
the above-mentioned disadvantages of the existing (traditional) ways of visualization
of natural processes for didactic purposes. The experimental way of visualization
applied in the NIESVA enables us, except other functions, to accelerate, decelerate or
run the action. It is not possible to do such actions during a real-time experiment and
this impossibility is being understood as a disadvantage of a physical measuring.
Furthermore, NIESVA enables us to interactively enter into the running visualization
process and change the model parameters, which could not have been done in tradi-
tional video-animations. Finally, this experimental way of visualization is practical
and pragmatic. On the other hand, the traditional visualization through computer sim-
ulation lacks these features. These NIESVA attributes (including multimedia and the
synergic effect of mutual interconnection) also extends both, quality and quantity
dimensions of a degree of didactic visualization demonstrability beyond the possibili-
ties of all the above-mentioned traditional forms of visualization. In this research, we
have also dealt with the issue of efficiency of using NIESVA method in science teach-
ing in comparison to the traditional teaching methods (see the section — The Experi-
mental Research).

2 Applet Set Designed for Thematic Teaching in Natural
Subjects Begins with ""Do you Know Why / How?"*

On the contrary, the visualization by means of computer modelling may be im-
proved by a practical and real attribute that is contained in a textbook or in a model
construction kit but not in a computer model.

The created collection of computer models was called: “The world of natural and
technical sciences (of younger pupils) in computer models (educational models de-
signed for teaching natural sciences, technical work and essentials of ecological edu-
cation at schools)”. In order to strengthen the didactic function of computer models,
each computer model was given an eloquent name. Each individual applet from cer-
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tain thematic unit starts with one of the following questions: How does it
work/function? or Do you know why/Do you know how...?

Oxygen Oxygen

@ ® inhalation @ ® inhalation @ °® inhalation
. E

Do you know how the
respiratory, S]Ttem work?

exhalation exhalation ‘ exhalation
CO, [ ]

€0,

Carbon dioxide

“9 ° exhalation " '¢’

Carbon dioxide

Carbon dioxide ol dhide:

i

I

Fig. 2. The applet (key sequence) - Do you know how the respiratory system works?
(source - author's own design).

Do you know your digestive system?

stomach
digestiv
e juices

C - Own design by authors

I »

il
il

C- Own desizn by muthors

Fig. 3. The applet (key sequence) - Do you know your digestive system?
(source - author's own design) [3].

Natural Science — Biology: Topic of human body (key sequence Fig. 2 - Fig. 6):
How does the human body work? Do you know your digestive system? Do you know
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how it works? Do you know how your heart works? Do you know how the respiratory
and circulatory systems work? Do you know how the musculoskeletal system works?
Do you know how the nervous system works? Do you know how the endocrine sys-
tem works? What do you know about human reproduction? How does the reflex arch
work? How does the sense of sight work? How does the sense of smell work? How
does the sense of touch work?

What function do red blood cells have in the human ? What function do red blood cells have in the human ?

B L

O“GER ORGAMSM ‘

K.
-
/ Compositon of blood / Composition of blood * .
| ~ (& |
\ - | o - /
\ oo / \‘\ : { @0 /
o2 / \ o9 /
\ . ° 7 N
s < 3m§sgmg ®

Fig. 4. The applet (key sequence)- What function do the red blood cells have
in human body? (source - author's own design)

Do you know on what principle the nervous system works?| | Do you know on what principle the nervous system works?| Do you know on what principle the nervous system works?

Fig. 5. The applet (key sequence)- Do you know the principle which the nervous system works

on?
Composition of blgod Composition of blood Composition. of blood Composition of blood
& | £l » -
ov < |l (@Y - | ) x rAEEE
® v "‘ » = = - ® ¥
What function do white blood cells What function do white blood cells What function do white blood cells What function do white blood cells
have in the human body? have in the human body? have in the human body? have in the human body?

Fig. 6. The applet (key sequence) - What function do the white blood cells
have in human body? (source - author's own design).

Natural Science — Ecology, Physics (key sequence Fig. 7 - Fig.8): How do we af-
fect the environment? How does the hydrological cycle work? — How does the nitro-
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gen cycle in the nature work? The applet of photosynthesis (nutrition and growth) of

plants.

How does the hydrological cycle work?

How does the hydrological cycle viork?

How doos the hydroiogical cycle work?

Sea (lake)

©- Bernatova

How doos the hydrological cyce work?

Fig. 7. The applet (key sequence) - How does the hydrological cycle work? [2]

Illustrating causality of photosynthesis
(nutrition and growth) of plants
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Water (K0

Fig. 8. The applet (key sequence) - Photosynthesis (nutrition and growth) of plants.
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Fig. 9. The Flash animation (key sequence) - How is electrical energy made in hydroelectrical
power station? How is electrical energy made in photovoltaic power station? How is
electrical energy made in nuclear power station? How is electrical energy made
in wind power station?

Chces vediet” preco sa striedaji ro¢né obdobia ?
Chees vediet preco
k striedaniu dna a

Zem

Fig. 10.The applet (key sequence) - Do you want to know why seasons alternate?
Do you want to know what causes a day-night cycle?

3 Experimental Research of Java Applets Utilization in
Teaching-learning process

We have made a database of Java applets as a platform for the creation of experi-
mental innovative teaching method called NIESVA. It has been carefully designed to
visualise the natural processes and phenomena through applets. During our research
the NIESVA method (in the form of specific models designed for teaching certain
topics (at pedagogical faculties) was also experimentally verified.

3.1 Experimental verification of applets’ didactic efficiency in the conditions
of real schools

A pedagogical experiment was used to compare the two different teaching methods
applied on experimental group (the NIESVA method) and a control group (traditional
teaching method). The principle of this pedagogical experiment is demonstrated in
Fig. 13. The experimental teaching method is being demonstrated, too.
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In both the experimental and control groups an identical
technical object, phenomenon, or process were visualised

The control group The experimental group

- a traditional technique of - an experimental technique
visualisation using static of visualisation by means of
pictures in a textbook, a Java applet using
transparencies computer animation and
(an overhead projector) simulation
(an LCD projector)

Fig. 11.The principle of the pedagogical experiment [1]

The main aim of the experimental research was to investigate the possibilities of
the NIESVA method application into the school environment in order to increase the
efficiency of the teaching-learning process.

3.2 Initial hypothesis of the research

H: The initial hypothesis claims that the proposed experimental teaching method
(called NIESVA) will be more efficient than the traditional one. In order to succeed in
verifying this hypothesis quantitatively and qualitatively, we divided the initial hy-
pothesis into the following sub-hypotheses:

H1: The cognitive learning performances (the results of the didactic output test) of
the students taught by means of the NIESVA method will be better than of those
taught by applying traditional methods.

H2: At the end of the experimental period, students taught by NIESVA method
will achieve better or the same level of memory performance in comparison to stu-
dents who were taught in a traditional way. It is related to remembering and memoriz-
ing new information they have been taught (in the subtest N1 of the didactic output
test - according to the Niemierko’s taxonomy of educational objectives.

H3: At the end of the experimental period, students taught by NIESVA method
will achieve better or the same level of knowledge comprehension (in the subtest N2
of the didactic output test - according to the Niemierko’s taxonomy of educational
objectives) compared to the students who were taught in a traditional way.

We present here only the central sub-hypotheses concerning the cognitive area.
The efficiency of using the NIESVA method in teaching Natural Sciences at universi-
ties was tested during a continuous series of a long-term empirical research through-
out the years 2015 and 2016. The research sample consisted of 64 university students
of Natural Sciences attending teacher-training study programmes. According to the
results achieved in the didactic input test, they were divided into the experimental and
a control group. Thirty-three students were placed into the experimental group and 31
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students into the control group. Pedagogical experiment was carried out from January
2015 to June 2016. In this research, the following pedagogical and psychological
research methods were used: 1/ a pedagogical experiment - the main method, a two-
group model of the experiment (consisting of an experimental and a control group)
conducted synchronously and simultaneously; 2/ didactic tests, 3/ questionnaire, 4/
interviews, 5/ method of observation, 6/ statistical methods of research data analysis.

3.3 Main results of pedagogical research

Verbal interpretation of the research data analyses is quite concise as a matter of
fact that included graphs are clear enough — Fig. 14 and Fig. 15. They contain digital
data related to the values in questions as well as the basic characteristics of the statis-
tical data arranged into the tables. We consider the graphs eloquent; therefore, we do
not provide any additional verbal explanation for them. — TABLE 1.

25

233 233

C—Control group

W cperimental group

04— Moving average Experimental graup)
------- Moving average ‘Control group)

197

99

28.7
g lo0 B0 90 90 90 80 B 60 00 J_E

X [score]

Fig. 12.Frequency distribution of learners’ performances achieved in the
final didactic test within the pedagogical experiment
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Table 1. Descriptive and Inductive Statistics

Descriptive Statistics
TAB 1.1E | XmaxE = 20 #minE = 11 BwverageE 4 1735454
ExP test.narm. YES MedianE= 17 Mode E= 17
0. guartile = 11 1.guartiles 16 2. guartile= 17
3.quartile = 18 4. quartile= 20
Descriptive Statistics
TAB 1.1C] ¥maxC = 19 Amin = 9 Poverages 9 14 42188

COM  Jtest.norm. ves  Median C3 14 Mode C= 14
0.guartile 7 9 1.quartile 3 13 2.guartile= 14
J.guartile= 16 4. guartile= 19

Inductive Statistics
Stat. confid. (E-C) k=2 hil = 1 ni 2= 52
Fkr[95%] = g3 Fyyp = | 3414583 | signifik = ano
Fkr[99%] = 39

100

90

C—Control groug

N Experimental group

------- Kizavy priemer/3 (Experimental group)
------- K\'zavy priemer/3 (Contral group)

a0

70

&0

50

Kf ]

40

30

20

99
10 g

0,00 0,00 000 000 000 000 000 000 000 _H],G"kb ‘ ' - [ .
1} T T T T T T T T = R e e e

1} 1 2 3 4 5 6 7 g 9 10

% [score]

Fig. 13.Distributive function of learners’ scores achieved in the final didactic test
within the pedagogical experiment
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3.4 Some results of the structural statistical analysis on the level of subtests
system created on the basis of Niemierko’s taxonomy of educational

objectives
B0
en C—Control group

e rimental group

------ Mowing average(Experimental group)

------ Moving average (Cantral group)
40

£330
20
"3
1o
28| e
0p 0o 0o o op 0g..
a - ‘ ; =
i 1 2 3 4 5 B

% [score]

Fig. 14.Frequency distribution of learners’ performances achieved in subtest N1 (remembering)
of the final didactic test within the pedagogical experiment
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Fig. 15.Distributive function of learners’ performances achieved in subtest N1 (remembering)
of the final didactic test within the pedagogical experiment

1JET — Vol. 15, No. 13,2020 231



45

40
C—Cantral group
35 o erimental group
------ Moving average (Experimental graup)
T M ) Moving average (Control group)
25
£
=
183
15
10
56 b 55 .
. — .
5 27 .7
0oop ooop @o=T 'EIU'WI 0.0 i .
Lo ao O] SR PR
o 1 2 3 4 5 B 7 8 g
®[scire]

Fig. 16.Frequency distribution of learners’ performances achieved in subtest N2 (comprehen-
sion) of the final didactic test within the pedagogical experiment

There are frequency distribution graphs (Fig. 16, Fig. 18 and Fig. 20) of subtests
N1, N2 and N3 together with their distribution functions (Fig. 17, Fig. 19 and Fig. 21)
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10 ——----- Ieving average (E: | group)
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Fig. 17.Distributive function of learners’ scores achieved in subtest N2
(comprehension) of the final didactic test within the pedagogical experiment
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Fig. 18.Frequency distribution of learners’ performances achieved in subtest N3
(application) of the final didactic test within the pedagogical experiment
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Fig. 19. Distributive function of learners’ scores achieved in subtest N3 (comprehension)
of the final didactic test within the pedagogical experiment
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Fig. 20.Comparison of the success rate of each subtest from the final didactic test oriented on
assessing the educational objectives (remembering, comprehension, application) in the
experimental and control group

Results of the quartile and cluster statistical analysis are shown in Fig. 23

3.5  Some results of the quartile and cluster statistical analysis

Quartile analysis Cluster anal}-‘sis
0x 20 vst.celok = vst.celok =
:;f N3 - N3 =
i x w X
i ryst. celok = vyst. celok =
4 N1 o N1 4
Exp. zr. Contr. gr. - -
to graph Fig.1 Exp.sk Fuclidean distance Kontsk Euclidean distance

Fig. 21.Results of the quartile and cluster statistical analysis

4 Conclusions and Recommendations Resulting from the
Research Data Analysis

Our arguments are strengthened by the results presented in Fig. 22. They demon-
strate the comparison of the success rate of each subtest from the final didactic test
oriented on assessing the educational objectives (remembering, comprehension, appli-
cation) in the experimental and control group. The results show that between the ex-
perimental and control group there are some differences in the success rate of each
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subtest as follows: 10.0 % in level of remembering, 21.0 % in level of comprehension,
18.0 %, in level of application and 15.0 % in final score reached in didactic output test
always in favour of the experimental group (see Fig. 22, Fig.23). Our statements are
also supported by the results shown in the Table 1 (Descriptive and inductive statis-
tics). The statistical significance of performance differences between the students of
experimental and control group is calculated from the final didactic test and demon-
strated as a whole in the TABLE 1 called Descriptive and inductive statistics (by the
analysis of variance — F test). The value of calculated F is 94.14, Fkr = 6.8. Since F >
Fkr, we can say that there is a statistically significant difference in the final scores of
experimental— and control— group students with the significance level of 0.05. The
interpretation of each subtest results, meaning subtest N1 (remembering), N2 (com-
prehension), N3 (application), is analogical to the previous one. (See Table 1 Descrip-
tive and Inductive statistics).

Finally, we dare to say that the proposed experimental teaching method called
NIESVA, which was used during this research, appears to be more effective than the
traditional teaching method. Students who participated in this pedagogical experiment
show better performance results in cognitive learning as well as in all other observed
parameters (remembering, comprehension, application).

One of the things we consider the most encouraging in this work is the fact that
NIESVA innovative teaching method may have been implemented into the teaching-
learning process (during our research) without any radical changes in the traditional
way of teaching. In our opinion, this is the biggest advantage of the NIESVA method.
NIESVA method is an innovative teaching method based on active use of computer
animations and simulations. They demonstrate the natural and technical processes and
phenomena by means of Java applets. The overall analysis of the results proves good
perspective for implementing it into the teaching practice. Moreover, it proves the
system to become a useful tool for increasing the efficiency of teaching university
students at pedagogical faculties. Furthermore, the research provides us with the clear
evidence of achieving positive qualitative changes in students’ knowledge structure.
In addition, the participants of this research consider the NIESVA method more at-
tractive and more motivating than the traditional methods. Except this, the members
of the experimental group stated that every lesson, they were looking forward to
working with Java applets.

Research results confirm that the implementation of Java applets into teaching nat-
ural sciences and technical subjects is of great didactic importance. It broadens the
horizon of visualization, application, didactic and educational possibilities which
cannot be reached by traditional techniques of visualization of objects, processes and
phenomena. This is also true as it comes to teaching electrical engineering.
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