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Abstract – The authors propose one of the possible 
ways to solve the problem of insufficient number of 
computers in public educational institutions and 
limited access to computer classes in Ukraine. Such a 
way is the introduction of the BYOD-approach (Bring 
Your Own Device) in the learning process. The authors 
specify the content and correlation of the concepts of 
"information technologies", "computer technologies", 
"cloud technologies" to determine the type of 
GeoGebra service. The authors propose different ways 
of using the GeoGebra service. They are studied to 
prepare future math teachers for the use of modern 
information (digital) technologies in professional 
activities. 
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1. Introduction 

 
Among many problems teachers of natural and 

mathematical disciplines face while using 
information technologies in the professional activity, 
not the last place is occupied by the problems of 
insufficient number of computers in public 
educational institutions and limited access to 
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computer classes. Because of this, attraction towards 
information technologies often occurs sparingly (or 
only by the teacher) or is realized only during 
independent work [1]. At the same time, young 
people often use their own mobile devices not only to 
communicate on networks, but also to maintain their 
own educational activities through organization of 
the search for the necessary information materials, 
creation of their own projects, group communication 
for developing joint solutions etc. 

The solution of the problem is seen in different 
ways, among which we will highlight the active 
implementation of the BYOD-approach (Bring your 
own device), which allows you to attract to the 
educational process more powerful mobile devices 
with the 3G-connection, than those offered by the 
educational institution, as well as the use of cloud 
services of the subject area. 

Application of the BYOD-approach is not 
understood yet by the teachers and the pedagogical 
Universities, as it is stated in [2], have not yet 
prepared specialists who will allow students – future 
teachers – to use fully this technology for educational 
purposes. Training of a teacher, who can implement 
such approaches is still an urgent pedagogical 
problem. 

In the pedagogical literature, the problem of 
implementation of cloud-based [3], [4], [5] and 
mobile [6], [7], [8], under which we understand the 
combination of mobile hardware and software, as 
well as a system of methods and forms of such means 
in the educational process with the purpose of 
obtaining, saving, processing and reproduction of 
audio, video, text, graphics and multimedia data in 
terms of operational communication with global and 
local resources, learning technologies, the BYOD 
technology in the framework of mobile learning 
(M. A. Zilberman,R. I. Ostapenko, T. V. Aliekseieva, 
A. H. Dubynskyi, N. V. Dolmatova, P. H. Matuhin) 
is actively discussed. 

According to the analysis of the scientific research, 
we have found out that there are ways offered to 
solve physiological, social, pedagogical, technical 
problems that may arise while using the BYOD 
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approach in [9], [10], advantages and disadvantages 
of using the BYOD model in the educational process 
are described in [11], experience of using the 
services presentain.com, preso.tv to broadcast 
presentations and lectures on students' mobile 
devices in [12], expediency of using file hosting 
service MS OneDrive to view the content of files 
such as web pages, chat Messenger, Skype, which are 
integrated into the environment MS OneDrive in 
[13], experience in the use of pupils’ personal mobile 
devices in primary schools during the control of 
knowledge with the help of the service Plickers as 
mobile app to read QR codes from the pupils’ cards 
in [14], technologies of questionnaire of college 
students using Plickers service in [15]. 

At the same time, we have determined a lack of 
scientific research in the direction of using 
specialized cloud-based services. Among such 
services for physics/ biology/ chemistry/ geography 
are resources VirtuLab (http://www.virtulab.net), 
PhET (https://phet.colorado.edu/uk/), Wolfram 
Demonstrations Project 
(https://demonstrations.wolfram.com), Open Source 
Physics (https://www.compadre.org/osp), virtual 
chemistry lab Virtual Lab 
(http://chemcollective.org/),Maps 
(http://www.edu.ru/maps/). In the context of training 
support of natural and mathematical disciplines we 
have identified the resource GeoGebrа [16].  

The aim of the article is to describe the cloud-
based service GeoGebra and ways of its use in the 
training of natural and mathematical disciplines. 

The aim of the article has preconditioned solving 
the following tasks: 

1) to clarify the content and correlation of the 
concepts "information technologies", "computer 
technologies", "cloud-based technologies" to 
determine the type of GeoGebra service; 

2) to describe ways how to use the service 
GeoGebra at math lessons; 

3) to confirm the feasibility of the formation 
skills to use cloud-based services of this type in the 
training of future teachers of natural and 
mathematical specialties. 
 
2. Results and Discussion 

 
In the context of the information society 

development, we often encounter technologies and 
processes that are associated with the processing of 
information content and which are called 
"information technologies", "computer technologies", 
"Internet technologies", "cloud-based technologies" 
and "fog technologies". Their interpretation allows 
identification from the standpoint of the need to use 
specialized technical devices for the implementation 

of such technologies (personal computer, 
smartphone, tablet, etc.). At the same time, they 
cannot be identified from the perspective of the data 
processing method.  

Information technologies are technologies, which 
involve the use of different means and methods 
combination of processing and transmission of 
primary data about the object (process or 
phenomenon) to obtain secondary data about it. Such 
process does not necessarily involve the use of 
computer technology.  

Computer technologies are information 
technologies which use computer facilities to process 
and transmit primary data about an object (process or 
phenomenon) to obtain secondary data about it. In 
other words, in computer technology, the principle is 
the use of computer to implement the technology 
itself.  

Internet technologies are computer technologies 
which are designed to work with the Internet. In 
other words, it is all that is connected with the 
Internet and is subject to certain protocols and 
programs.  

Cloud-based technologies are the Internet 
technologies which provide a way of data processing 
through online services and provide for the 
performance of basic functions through centralized 
Data-centers. In other words, these are the 
technologies that constantly store user information 
content on the Internet servers, which are only 
temporarily cached (stored) on the user side on 
stationary computer systems. Nowadays, within the 
framework of cloud-based technologies, "fog 
technologies” are singled out. These are cloud-based 
technologies that are characterized by the distribution 
of calculations between devices that are included in 
the Internet of things (in particular, smartphones, 
which are used today by almost everyone, have 
processors that are not actively used). When using 
cloud/fog technologies, secondary data are created 
from shared resources and are always transferred to 
the "cloud" (to a remote server) [17].  

Well known services YouTube (video-sharing 
company that provides services for storing, searching 
and displaying video materials), Office365 (cloud-
based Internet service and software from Microsoft 
company that expands under "software + services") 
have such property Analysis of such services found 
that the GeoGebra resource is a cloud-based service, 
because it offers data processing on-line and provides 
fulfilment of certain actions: its use involves a view 
of created by others educational content (Fig.1.), as 
well as network communication (Fig.2.), and also the 
development and addition of own training materials 
(Fig.3.), which confirms its cloud orientation. 
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Figure 1. View GeoGebra content  Figure 2. Network communication 
in GeoGebra 

Figure 3. GeoGebra Graphics 
View to create your own materials 

 
GeoGebra resource can be perceived also as a 

social community, which unites the ideas of 
popularization of mathematical ideas, laws, 
scientists, teachers, and all those interested in 
mathematics.  

If you perceive the GeoGebra resource as a 
network, there should be distinguished two types 
[18]: the first is characterized by the use of profiles 
such as Facebook (Fig.4.), the second is 
characterized by the use of interactive applets such as 
YouTube (Fig.5.). The second type of social network 
provides the ability to leave "likes" to the applets that 
you liked the most, to combine applets by themes, to 
embed applets in other objects using automatically 
generated HTML-code. 

In order to use the GeoGebra resource in 
professional activities, you need to register on the 
website geogebra.org (you can use existing Google, 
Office365, Microsoft, Facebook, Twitter accounts) 
and create your own profile (Profile Creation).  

To download the author's applets, click the button 
+New and select the item Create Worksheet. Then 
you need to enter the title of the applet, add the text 
of the task, instructions for its implementation, add 
the GeoGebra file in the format *.ggb. For registered 
users there is a possibility to edit the added content 
(Edit Worksheet): adding information, for example, 
various explanations, comments or restrictions on 
access to files. 

 
The authors outlined the following ways of using 

the GeoGebra service: 
 

1) as a cloud environment for hosting visualising 
content or as a means of visualization of 
mathematical knowledge; 

2) as a cloud environment for the organization of 
empirical rather than analytical search of the answer 
while determining some characteristics of objects; 

3) as a cloud environment for conducting home 
computer experiment. 

 
Let us consider them in details. 

1. GeoGebra as a cloud environment for hosting 
visualising content or as a means of visualization of 
mathematical knowledge; 

As the terminological analysis shows the concept 
"visualization" is identified with the perception of 
some object through visual image. We understand 
visualization as the process of demonstrating 
something that requires not only the reproduction of 
the visual image, but also its creation. For this 
purpose, the means of computer visualization of 
mathematical knowledge are used. They are 
computer environments, where developers provide 
opportunities for mathematical modelling of 
processes, creating images of objects and interactive 
operation of them [19]. 

This is especially important in the field of 
mathematical education, since Mathematics often 
operates with abstract forms that are difficult to 
explore without visual support [20], [21], [22]. The 
properties of geometric shapes (the sum of the angles 
of a triangle, the location of the centres of the 
circumscribed and inscribed circles, locus, sections 
of solids), graphs of functions (in particular, their 
transformation, dependence on parameters), solutions 
of equations, inequalities and their systems 
(analytical and graphical solution), random variables 
and their properties (the probability of the event, 
statistical characteristics of the sample) can be 
visualized at the level of school mathematics. 

For example, before studying the topic of "Body of 
rotation", the teacher can place interactive applets in 
the cloud, after working with which students will be 
already prepared to perceive the cone (the applet 
"Cylinder", available: 
https://www.geogebra.org/m/dgbu2kvq, Fig.4.) as 
body of rotation. 

2. GeoGebra objects as a means of organization of 
empirical rather than analytical search of the answer 
while determining individual characteristics of 
objects. 

In this case, we see the possibility to use the 
resource for implementing a constructive approach to 
solve, for example, geometric extremum problems. 
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Problem. The sum of the lengths of the cone base 
radius and its height is constant and equal to 10. At 
what ratio of the radius and the height volume of the 
cone will be the biggest? (the applet "Extremum 
problem", available: 
https://www.geogebra.org/m/befv4ye7, Fig.5). 

 

  
Figure 4. Applet "Cylinder" 

 
 

 
Figure 5. Applet "Extremum problem" 

 
 When changing the position of the base point A, 

the proposed table is filled in with the appropriate 
value sets. We can analyse the dynamics of changes 
in the volume value – value is growing up to the 
certain point, and then falling. Critical value 155,1 is 
achieved at the ratio of 2. 

3. GeoGebra objects as a cloud environment for 
conducting home computer experiment. 

A large number of scientists (V. D. Boiev, 
A. Yu. Ivanova, M. N. Mariukov, I. B. Petrov, 
R. P. Sypchenko, M. I. Starovyk, D. E. Temnov) 
consider a computer experiment as a kind of model, 
where a substitute of a real object/process is a virtual 
model. Others scientists (A. H. Hein, I. H. Semakin, 
L. V. Pihalitsyn) believe that the computer 

experiment is “an experiment with data on the results 
of observation of the behaviour of the system under 
consideration, which are stored in electronic tables to 
predict the behaviour of this or a similar system 
outside the sphere of observations” [23]. We prefer 
the definition of a computer experiment, which is 
given in [24]. Computer experiment is an 
experiment, which is carried out in dynamic 
mathematics software (means of computer 
visualization of mathematical knowledge, which 
provide the dynamic operation of various 
mathematical objects and the ability of operation 
obtaining on-screen information about their 
properties [19]), where the object of study is a 
dynamic model of the geometric configuration. This 
interpretation, in our opinion, is fully consistent with 
the meaning laid down by different authors in the 
description of this method of teaching in the school 
course of geometry.  

Before studying the topic "Lengths of segments 
in a circle", the teacher can place applets on the 
Internet (in particular on https://www.geogebra.org 
or on their own site), where the possibility of 
experimental study of metric relations is foreseen 
(the applet "Lengths of segments in a circle", 
available: https://www.geogebra.org/m/jhEexqpD, 
Fig.6.; https://www.geogebra.org/m/sPguGVsV, 
Fig.7.). The task is to fill in the Tables 1-2. 

 

 
Figure 6. Applet "Lengths of segments in a circle” 

 
Table 1. Lengths of the segments (parts) of two chords 
intersect within a circle 
 

Lengths of the segments (parts) of two chords 
intersect within a circle  

№ АО ОВ АО∙ОВ СО ОD CO∙OD 

1       

2       

3       

Note: Pay attention to the values of AO · OB and CO 
· OD in the Table. 
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Figure 7. Applet "Lengths of segments in a circle” 

 
Table 2. Lengths of the segments (parts) of a tangent 
segment and a secant segment are drawn to a circle from 
an external point 
 

Lengths of the segments (parts) of a tangent 
segment and a secant segment are drawn to a 

circle from an external point 

№ ОА ОВ ОА∙ОВ ОС ОС2 

1      

2      

3      

Note: Pay attention to the values of OA · OB and 
OC2 in the Table. 

 
Pupils conduct research at home and fill tables. 

They are already prepared to formulate hypotheses 
about the relationship between lengths of the 
segments (parts) of two chords intersect within a 
circle and lengths of the segments (parts) of a tangent 
segment and a secant segment are drawn to a circle 
from an external point at the next lesson. 

Hypothesis 1: if two chords intersect within a 
circle, then the product of the lengths of the segments 
(parts) of one chord is equal to the product of the 
lengths of the segments of the other chord. 

Hypothesis 2: if a tangent segment and a secant 
segment are drawn to a circle from an external point, 
then the square of the length of the tangent equals the 
product of the length of the secant with the length of 
its external segment.  

The ideas described by us are studied in the 
framework of the special course "Digital 
technologies in education" (topic "Applets and their 
use in the educational process"). The main aim is to 
prepare future teachers for the use of modern 
information (digital) technologies in professional 
activities. In book [25] in addition to the theoretical 
material about the applets and features of their 
development, we offer tasks for independent 
execution. 

Individual task 
 

Pre-reformulate the theorem as a research task and 
create an interactive applet to demonstrate the 
theorem using GeoGebra.  

 

1. An isosceles triangle has two congruent 
angles. 

2. In an isosceles triangle, the median drawn to 
the base is both the altitude and the bisector. 

3. In a triangle, the sum of the measures of the 
interior angles is 180°. 

4. The diagonals of a parallelogram bisect each 
other. 

5. The diagonals of a rhombus are 
perpendicular. 

6. The length of the median of a trapezoid 
equals one-half the sum of the lengths of the two 
bases. 

7. If two parallel lines are cut by a transversal, 
then the alternate interior angles are congruent, the 
interior angles on the same side of the transversal are 
supplementary. 

8. The measure of an exterior angle of a triangle 
equals the sum of the measures of the two 
nonadjacent interior angles. 

9. The diagonals of a rectangle are congruent. 
10. The segment that joins the midpoints of two 

sides of a triangle is parallel to the third side and has 
a length equal to one-half the length of the third side. 

 

The created applets can be directly tested in the 
classroom on the mobile devices of all students of the 
academic group.  

Our experiment on the formation of future 
teachers' skills to use cloud-based services in 
professional activities confirmed the effectiveness of 
the study by the following method: 0.5 hours of 
lecture was given to the description of cloud 
technologies and BYOD-approach in the educational 
process, then there was a students’ questionnaire, 
then one lesson was devoted to the study of 
GeoGebra applets and their use, and then there was 
again a questionnaire. 

 
Questionnaire 
 

What do you know about the use of cloud-based 
services in the teacher’s professional activity? 

 
1. Do you know any specialized cloud-based 
services? 
2. Will you be able to develop a summary of the 
lesson with the use of cloud-based technologies? 
3. Do you know what the BYOD-approach is in 
education? 
4. Do you see any ways to use BYOD-approach in 
your future professional activity? 
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5. Will you be able to organize educational 
process based on BYOD-approach? 

 

The study was carried out during 2016-2017. 
Statistical evaluation of training results could be 
carried out on the basis of the nonparametric sign test 
for dependent samples [26]. At the end of the study 

of the topic comparative tables were formed. The 
dynamics of the results of the questionnaire 
responses was recorded. 

The total number of respondents was 146 
people. 30  results out of them were chosen 
arbitrarily (Table 3.). 

 
Table 3. The students’ test results 
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1 2 3 11 2 5 21 1 3 

2 1 4 12 2 4 22 2 3 

3 2 4 13 3 3 23 2 2 

4 1 3 14 3 3 24 3 2 

5 1 2 15 3 3 25 3 3 

6 2 4 16 1 2 26 3 3 

7 3 4 17 2 4 27 3 3 

8 3 2 18 2 2 28 2 4 

9 2 5 19 2 3 29 2 3 

10 3 2 20 3 3 30 3 5 

 
The number of respondents whose total score 

decreased ("–"), did not change ("0") and increased 
("+") was determined according to these scores 
(Table 4.). 

 
Table 4. Dynamics of scores in the students’ test result 

 

Dynamics of scores Negative, «–» 
Without changes, 

«0» 
Positive, 

«+» 
The number of changes,  

n=«–»+«+» 
The number of 

respondents 4 10 16 20 

 
In accordance with the aims of the experiment, 

the null hypothesis was formulated: the study of the 
topic does not contribute to the formation of ideas 
about the use of cloud-based services in future 
professional activities. Then the alternative 
hypothesis in the study of the topic contributes to this 
formation. 

Formulated hypotheses determine the one-way 
sign test for testing dependent samples. Since 
Тexp=16 is not included in the interval of acceptance 
of the hypothesis Н0 (interval [6],[14] for the 
significance level of 0.05) [26], the alternative 
hypothesis was accepted with the conclusion that the 
study of the topic contributes to the formation of 
skills to use cloud-based services in future 

professional activities. Since the value of Тexp has 
gone beyond the segment on the right, the conclusion 
about the positive dynamics of the number of such 
students who have formed an idea about the use of 
cloud-based services in future professional activities, 
was made. 

As practice shows, with successful motivation 
students are actively involved in this process, 
realizing the effectiveness of BYOD technology in 
the modern world. In particular, according to the 
results of an additional survey of students, the future 
teachers of mathematics, physics, computer sciences, 
chemistry (total number of respondents is 
146 people), it was found that: the use of this type of 
cloud-based services in professional activities is 
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considered to be appropriate by 89% and effective by 
76% of respondents; 83% of future teachers will use 
in their own professional activities (a smaller 
percentage in the use of such a service showed future 
teachers of chemistry (53%), who noted the need for 
additional development of the relevant creative tasks 
of the chemical direction). 

The questioning of working teachers of 
mathematics and computer sciences (total number of 
respondents is 74 people) revealed the majority of 
negative attitudes to such innovation: 46% of 
respondents believe that cloud-based service is 
suitable for teaching mathematics, effective – 32% of 
respondents; 12% of working teachers will use it in 
their own professional activities.  

The additional need for training future teachers 
to use this technology is provided by the modern 
unsatisfactory technical condition and the level of 
computerization of state educational institutions: the 
use of out-dated computer equipment, its insufficient 
number, limited access to it by teachers of non-
informatics disciplines, insufficient power of 
stationary Internet networks, etc.  

These facts determine the search for ways that 
would ensure the modern educational process and its 
compliance with the level of development of modern 
(digital) technologies. The concept of a new 
Ukrainian school [27] focuses on the formation of 
information and digital competence, which 
"...presupposes confident and at the same time 
critical application of information and 
communication technologies for creation, search, 
processing, exchange of information at work, in 
public space and private communication”. This 
means the need to form the young generation’s 
digital competence through the cross use of digital 
technologies in the study of various subjects, 
personalized and at the same time in the interaction 
of students with each other, with teachers, experts 
etc. This need is realized by offered BYOD-approach 
and the use of specialized cloud-based services, in 
particular, GeoGebra.  

We believe that our vision of using cloud-based 
services correlates with the state document "On the 
digital agenda of Ukraine» [28], which today is 
proposed for discussion to the Ukrainian society. It is 
based on the idea of digitalization of all spheres of 
activity, and, above all, digitalization of education. 
Its adoption will allow to achieve the goals defined in 
the Conceptual framework of the project "Digital 
agenda of Ukraine – 2020" [29], which points to the 
urgent need to revise "the curricula of higher 
education institutions, the accelerated introduction of 
new courses that meet the requirements of 
Industry 4.0." We believe that the described approach 
to the training of future teachers of natural and 
mathematical specialties to use cloud-based services 

in professional activities is a step towards the 
formation of the younger generation’s digital 
competencies. 
 
3. Conclusion 
 

1. Modern education should take into account not 
only the development of information/digital 
technologies and actively use them, starting from the 
lower level of education, but also the current state of 
computerization of public educational institutions. 
This leads to the use of the potential of private mobile 
devices in training sessions and cloud services that 
they support. Now this use is the basis for the 
implementation of BYOD-approach in the 
educational process and specialized cloud-based 
services. 

2. GeoGebra resource is a cloud-based service of 
mathematical direction, because it provides tools for 
creating mathematical models of various 
mathematical objects or processes, offers data 
processing online and performing of certain actions 
regarding communication with adherents without the 
need to involve stationary computer equipment. 
Among the ways of using GeoGebra service we 
found: the location of author’s visualised content, the 
possibility of empirical numerical study organization 
and organization of local computer experiment.  

Their implementation will contribute to the 
formation of a cross-digital competence of the 
younger generation. 

3. Developed topic "Applets and their use in the 
educational process" within the special course 
"Digital technologies in education", which is focused 
on the formation of ideas about the use of cloud-based 
services in future professional activities, confirmed its 
effectiveness by the sign test at the significance level 
of 0.05. 
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