ISSN 1998-6939. IHhopmauinHi TexHonorii B ocBiTi. 2014. Ne 19

UDC 371.64:378.14

Popel Maya

Institute of Information Technologies and Learning Tools of the National
Academy of Pedagogical Sciences of Ukraine, Kyiv, Ukraine

THE METHODICAL ASPECTS OF THE ALGEBRA AND THE
MATHEMATICAL ANALYSIS STUDY USING THE SAGEMATH CLOUD

DOI: 10.14308/ite000488

The quality of mathematics education depends largely on the quality of education in
general. The main idea may be summarized as follows: in order to educate the younger generation
of people to be able to meet adequately the demands of the time, it is necessary to create conditions
for the high-quality mathematics education. Improving the quality of mathematics education of
pupils in secondary school is one of the most pressing problems.

Contents of the school course of mathematics and its teaching method has always been the
subject of undammed and sometimes stormy scientific debates. There are especially true methods of
teaching algebra and the analisis in the high secondary school. Still in the study process the
algebraic concepts and principles of analysis are given in such an abstract and generalized form
that the student may has considerable difficulties to map these general abstract concepts to the
certain concrete images, they are generalizations of.

Improving education quality indicators can be achieved by using the appropriate computer
technology.

The article deals with the use of the cloud-oriented systems of computer mathematics
(SCM). The prospects of development of the Web-SCM in terms of cloud-based learning
environment are considered. The pedagogical features of the SageMath Cloud use as a tool for
mathematics learning are revealed. The methodological aspects of algebra and elementary analysis
teaching in a high profile school using the cloud-oriented the SCM SageMath Cloud are revealed.
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Introduction. The problems of the elaboration and deploy of the cloud-based systems in the
educational process caused many debates and challenges being the subject of meticulous interest of
the scientists and the educators-practitioners [10]. Which tools and technologies it is advisable to
use in order to improve the learning outcomes, to exploit the potential of the just emerged ICT-
based tools more fully, and the most important — to achieve better understanding and to get
knowledge, but not to rice the complexity of access to relevant information? Now these questions
are not a matter of the far future, it go into practice. In this regard, it is important to identify the
areas of the cloud-based systems using, including the SageMath Cloud, in teaching mathematics.

Analysis of the recent research studies shown that the use of the cloud computing for the
learning organization was made in the works of N. V. Morse, O. G. Kuzmynska; organization of
independent work using the Yandex cloud services was reflected in the works of G. A. Aleksanyan;
organization of the “virtual" Google-site facilities for teachers was studied by
L. V. Rozhdestvenska.

The analysis of the prospects for SaaS technology use in education is provided in the work
of the our researchers: V. Yu. Bykov, S. A. Semerikov, M. I. Zhaldak, N. V. Morse and others. The
issue of such technologies implementation for education and science are the subject matter of the
many domestic researchers works: V. Yu. Bykov, I.S. Voytovych, M. I. Zhaldak, N. V. Morse,
S. A. Semerikov, V. P. Sergienko, N. V. Soroko, M. A. Shynenko. The features of the introduction
of the cloud technology into the teachers professional practice were investigated by the foreign
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scientists: Justin Reich, Thomas Daccord, Alan November, Virginia A. Scott, Alec M. Bodzin, Beth
Shiner Klein, Starlin Weaver and others.

The research focus: to conduct a theoretical analysis of the pedagogical use of the
SageMath Cloud for the study of the algebra and the analysis.

Methods:

1) the analysis of the scientific and educational literature on the study;

2) the teaching observations and the interviews with teachers;

3) the analysis of the features of the SageMath Cloud use, as a tool of learning.

The choice of research topic is caused by the following factors:

— an objective necessity to implement the cloud technologies in the educational process;
— the idea of using the cloud resources in the classroom;

— the lack of elaborated methods with the use of the cloud resources;

— the study of the basics of mathematical analysis is quite complex and abstract material.

Statement of the problem

The quality of mathematics education depends largely on the quality of education in general.
The main idea may be summarized as follows: in order to educate the younger generation of people
to be able to meet adequately the demands of the time, it is necessary to create conditions for the
high-quality mathematics education. Improving the quality of mathematics education of pupils in
secondary school is one of the most pressing problems.

Contents of the school course of mathematics and its teaching method has always been the
subject of undammed and sometimes stormy scientific debates. There are especially true methods of
teaching algebra and the analisis in the high secondary school. Still in the study process the
algebraic concepts and principles of analysis are given in such an abstract and generalized form that
the student may has considerable difficulties to map these general abstract concepts to the certain
concrete images, they are generalizations of.

One of the major problems of teaching methods development is the widespread adoption of
the information and communication technologies (ICT) in the learning process. First of all, this
problem has a significant impact on the educational system, as the use of ICT provides more
opportunities in relation to processing, ordering, receiving and processing new information. So the
potential and perspectives of the emerging ICT-based tools use in the field of mathematics
education is a promising way of research.

Results of the study

The opportunities to perform the cumbersome calculations, research and visualizing the
mathematical objects through the use of the mathematical software — the Systems of Computer
mathematics (SCM) or the Systems of Computer Algebra are the popular subject of current
research. By the definition of T.V. Kapustina, “ the computer mathemativs system — IS an
integrated software product that combine the properties of the algebra learning systems and the
universal computing environments" [5, p. 62].

SCM is equipped with the user-friendly interface, the powerful drawing tools, the
significant number of tools to do math, functions and methods are implemented. Among the specific
characteristics of the modern SCM the next may be noted: the availability of the inherent to these
systems programming language; the tools to import the data from the other software, the tools for
printing of the texts and other facilities.

"According to the research conducted by S. Stenhaus the most popular SCM are <...>:
Mathematica, MATLAB, Maple, GAUSS, Scilab, you can also add MathCAD, Maxima and Sage»
[5, c. 64]. The Sage — is a freely distributable software for numerical calculations and symbolic
transformation and visualization of the mathematical relations and patterns in the data that is
available as a web-service. "The project managed by the Sage Professor, Department of
Mathematics, University of Washington (Seattle), William Stein <...>. The ultimate goal is to create
an open high-quality software as a worthy alternative to the commercial software, such as Maple,
Mathematica, Matlab etc.. Sage system is equipped with the two main interfaces — the local
command-line interface and the Web-interface "[9, c. 81].
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At present, a new class of SCM, which is designed for the network work, so-called the
Web-SCM are developed. This class does not require installation of the computational kernel on
your device. To begin using the system the user accesses directly to mathematical server. All
computational results you get are maintained on the Web-Browser [4]. "Representatives of the
Web-SCM are currently the Mathcad Application Server, MapleNet, Matlab Web Server,
webMathematica, wxMaxima and Sage» [9, c. 82].

Key Features of the Web-SCM Sage are shown in table [4] (table 1):

Table 1.
Key features of the Web-SCM Sage
Advantages Disadvantages
- The openness of the system; - The lack of scientific and methodological
- Free distribution; literature in  Russian and  Ukrainian
- A full-functional Web-server system; languages;
- The integration of more than 100 mathematical | - Not very high speed;
packages in a single environment, - Cumbersome interface, need much
and others. mastering;
- Not personalized access.

Significant opportunities are revealed as for using Web-SCM Sage in learning mathematics
[6], so it is possible:

1) to perform the calculations: both analytical and numerical,

2) to present the results of the calculations in natural, mathematical language, using
symbols;

3) to build two- and three-dimensional graphs of curves and surfaces, histograms, and any
other images (not excluding animations);

4) to combine computing, text and graphics in a single worksheet with the possibility of
printing, publishing online and collaborate on them;

5) to create the models for practical tasks and educational research using the built-in Sage
Python language;

6) to create the new classes of functions and language Python.

The SageMath Cloud — is a free service that is sponsored by the University of Washington,
the National Science Foundation and Google. The SageMath Cloud was designed to facilitate the
use of mathematical computing platform Android.

In The SageMath Cloud all the possibilities that are available in Web-SCM SAGE are
realized, but there are some differences (table 2).

In the higher (line) school mathematics the teaching is differentiated into three levels: the
level of the standard, and academic and profile. Each of these levels has both content and
organizational and methodical features.

Mathematics learning at the core level is intended, above all, at the formation of the high
secondary school students mathematical activities with the profound assimilation of the subject and
a focus on future profession directly related to the mathematics or its applications. Training in
specialized classes implies an increase in the proportion of self study learning, cognitive and
practical activities. It is advisable to organize the research work in the classroom and after-school
elective courses.
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Table 2.
Key features SageMath Cloud
Advantages Disadvantages

- Improved user interface; - The file is not always uploaded to the
- Possibility of integration with other services; device;
- Instead of a notebook — an Account; - A sheet of the old format cannot be opened;
- The use of a document at the same time by | - No ability to view the public projects;
more than 300 users; - Does not guarantee a full protection of user
- The possibility of developing a web server in | information.
Python;
- Increased performance in several times.

The state program on algebra and analysis at the profile level compared to the corresponding
academic level program involves the study of a wide range of educational topics, as well as
significantly higher demands on students' educational progress [3, p. 3-4]. Comparing the thematic
plans at the different levels of mathematics learning, we conclude that the emphasis on core level
had been made on the topics related to the analysis. This is due to modeling in the educational
process of the elements of mathematics specialist professional training. In fact, the students enrolled
in a class of mathematical, physical and physics-mathematical type, plan to link their learning
precisely to mathematics. Basic concepts of the elementary analysis taught in the high secondary
school are the basis for further study of higher mathematics in the high school. For these reasons, it
is advisable to account for the specifics of algebra and analisys study at the core level of training.
The new concepts are difficult for students due to the a high abstraction level, but extremely
important when considering the future of mathematics learning at the high school.

One of the main lines of a content of the "Mathematics™ course in a high secondary school is
the functional line. An important conclusion of the functional line of the course is to consider the
concepts of a derivative and an integral, which are necessary tool for the movement study.

The ability to carry out the numerical experiment and to perform quickly the necessary
computing or image building, to check out a particular hypothesis, to test one or the other methods
for solving problems, be able to analyze and explain the results obtained using a computer, finding
out the limits of the ICT use or restriction of a chosen method of the problem solving are crucial for
the study of mathematics [1, p. 30].

Presenting of the mathematical analysis principles including the theme "Derivative and its
application™, using the lecture schemas, demonstrations, images saves the considerable number of
hours. Due to the high level of abstraction the theme requires the visual materials.

Using the graphic images we can acquaint the students with the abstract mathematical
concepts to be difficult for understanding, that leads to activation of the students knowledge of the
new material.

The main type of demonstration materials that can be used as a visual aids to increase the
motivation are the so-called lecture demonstrations. " The lecture demonstration are the GUI
applications with the semi-automatic control, which illustrate the theoretical concepts, theorems,
methods, etc.” [7]. Preferred in this case are using of the graphical primitives to compose it, so as to
get a schematic drawing, illustration. In this case, the use of standard functions for working with
graphics in the SageMath Cloud environment are preferable [8]. The use and study of such models
is intended to gain the understanding of the mathematical, physical nature of the methods and
algorithms more easily; being more aware of new material and a semantic foundation for solving
applied problems and improves the cognitive activity through the visualization [8].

The lecture demonstrations involve the multiple calculations performing for the different
values of the input parameters, so in the process of its elaboration it is reasonable to use the visual
controls such as "input field", "slider", "checkbox", "menu" using appropriate functions of the
SageMath Cloud. After making the appropriate code, the graphics data controls appear along with
the results of computation in a field output. By means of the SageMath Cloud the different elemrnts
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can be build: points, lines, graphs of functions, circle, circle sector, bar chart, contour lines, vector
field. Also it is possible to perform a variety of constructions on a space, such as a point, a broken, a
sphere, a correct polyhedron.

The students independent work is one of the major means for systematic and fast learning.
In its didactic purpose the independent work can be divided into the two main types: the training
and the supervising (with O. I. Levus). It is advisable to organize independent work as research.
Such studies may be proposed for students to be fulfilled at home or in the classroom by filling it in
a form of a written work. The tasks for the partial research activity should be selected in the zone of
proximal development so that the students have a free choice of tasks. Mastering the scientific
content, a student not just receives new information, but also transforms it from personal
experience, building a model of subjective knowledge, which includes not just logically essential,
but also personally meaningful signs of the cognitive objects.

The SageMath Cloud use much simplifies the job to release time for research, to get rid of
the routine calculations. The good results will be the hypotheses formulation and proof of it in the
process of research.

To organize the knowledge and skills control of the students by means of the the SageMath
Cloud is not just easy. First of all, due to the fact that the teacher should constantly monitor the
students activities or to check the progress of their thoughts. The SageMath Cloud may be only a
tool to facilitate this work.

The tasks may be organized in such a way that the student calculating some data in writing
was proposed to make verification by the model and continued the work with it independently, thus
obtaining new results are calculating it automatically.

Models that are created in the SageMath Cloud, involve changing the features, research
options, and more. By these capabilities both the students can benefit for the self-performed work
check, and also the teachers, for changing settings to get the correct answers for each of the tasks
performed by the students.

Of course, the proposed model in any way cannot completely replace the traditional forms of
the students self-study. It is only to create the conditions for creativive approach to learning,
stimulating the interest for the further study of the topic.

The goal set at the beginning of the work has been achieved. The prospects of the cloud-
oriented learning systems, including the SageMath Cloud use in the mathematics learning are
revealed.

The proposed models are: the lecture demonstrations, the visual aids, the exercise
simulators. These models are dynamic, providing its re-use. There are also the models to support the
basic principles of the mathematical analysis relating to the theme "derivative and its applications."
The models consist of the appropriate controls, such as a slider box, a cell to enter, menu and more.
Each item is accompanied by a textual label control. In addition, each model includes the specific
instructions that help you to learn. That is, the each program is fairly easy to use and intuitive.

Within each model there are basic theoretical information that you can use to perform the
calculations by hand, to compare the results, to follow the progress of the work.

There is possible to use this research:

— In the teacher practice in general schools;

— In the student training process in the pedagogical institutions.

Guidelines:

— To use the SageMath Cloud purposely and methodologically correctly, so as to gain further
activating the students activity and thereby to improve the learning outcomes;

— The SageMath Cloud can be primarily used for the students self-study to deepen
knowledge, for hypothesis testing, for research and discovery of a new properties of a
mathematical objects;

— To combine skillfully the traditional and innovative teaching methods with the use of the
cloud technologies, realizing a new modern approach to the student learning.
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There are the following conditions of the educational process organization using SageMath
Cloud:

1. Submission of the curriculum should be concise, accessible and academic.

2. Use the computer only in case that the learning of a new concept require greater clarity or
speeding up the pace of the lessons.

3. The SageMath Cloud use should be dosed.

4. Provide all the necessary conditions of the students working in the class. (Not allowed to
use the same computer at the same time by the two students).

The analysis and evaluation of the promising ways of development. Improving education
quality indicators can be achieved by using the appropriate computer technology. By means of the
SCM the problem of taking into account the various learning rates and in particular, the depending
of the student individual capacity level can be reasonably solved.

The methods of the concepts of "border”, "original®, "integral™ studying are quite specific, as
in previous classes the propaedeutics of these concepts is absent. The question arises as for the
potential of the SCM use to facilitate their understanding in mathematics lessons. In this case, the
use of information communication technologies is to improve the efficiency and quality of
education, to enchance motivation. A computer combines the several advantages of the educational
technology aids that usually used primarily to enhance visibility.

Introduction of the SageMath Cloud into the teaching practice provides a transition from the
reproductive nature of the mechanical to providing the teaching and learning with the research
nature. This increases the independence of students work, encourages them to acquisition and
application of new knowledge [2, p. 134].

Conclusions. Using the cloud technology in mathematics learning is a promising way for
development and improvement of the process of study. Therefore, such software tool as the
SageMath Cloud, has a significant potential to improve the quality of mathematical training of the
students. The prospects for further research could be the development of the SageMath Cloud use
methods towards the implementation in the process of the mathematics learning in the pedagogical
university.
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IHoneas M. B.

Incruryt indopmaniiinux texHosoriid i 3aco0iB HaBuanHs HamionanabHoi akanemii
neAaroriyHux Hayk Ykpainu, KuiB, Ykpaina

METOAUYHI ACIIEKTH BHUKOPUCTAHHSA SAGEMATH CLOUD Y
HABYAHHI AJITEBPU I IIOYATKIB AHAJII3Y

SIKicTh MaTeMaTH4HOi OCBITM 0araTo B 4YOMY 3aJ€KUTh BiJl SKOCTI OCBITH B IJIOMY.
OCHOBHY 171€10, MOXKHa PE3IOMYyBaTH HACTYIIHUM YHMHOM: JUIi TOTO, 1100 BHMXOBYBaTH MOJIOJE
MOKOJIIHHSA JItoJIed, 00 MaTh MOXJIMBICTh TIHO 3YCTPITM BHUMOTH 4acy, HEOOXiZHO CTBOPUTHU
YMOBHU JUIsl YTBOPEHHS BHCOKOSIKICHOI MaTeMaTHkH. IliABMIEHHA SKOCTI MaTeMaTHYHOI OCBITH
YUYHIB B CEPE/IHIN LIKOJII € OJHIEI0 3 HAHOUIBII aKTyaIbHUX IPOOIIEM.

3MICT IIKUIBHOIO KypCy MaTeMaTHKH 1 ii METOXy HaBYaHHA 3aBXIu OyB IpeIMeToM
JOCITIJKCHHS, a 1HOJI OypXJIMBUX HAYKOBUX CyIepedok. € creniaibHi METOAW HaBYAaHHS anreopu
Ta a”amizy y Buiid mkoii. [Ipore B HaBYalbHOMY Mpolieci anredpaidHi MOHATTS Ta MPUHIHUIH
aHaJlizy HaBeJCHI B Takid aOCTpakTHiM i y3arampHeHi (opmi, IO CTYJEHT MOXKE Ma€ 3Ha4dHi
TPYAHOILI JUIs 3ICTaBJIEHHS IMX 3araJbHUX aOCTPAaKTHUX MOHATh 3 IEBHUMH KOHKPETHHUMHU
obOpazamu.

[ToninmeHHs MOKa3HUKIB AKOCTI OCBITH MOXke OyTH JOCATHYTO 3a JOMOMOTOI0 BiATIOBITHOTO
KOMIT'FOTEPHHUX TEXHOJIOT1H.
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CrarTio TpuUCBAYEHO NpoOjIeMaM BHKOPHCTAHHS XMapo OpPIEHTOBAHUX  CHCTEM
koMmi’totepHoi Matematuku (CKM). PosrnsnyTto nmepcnektuBu po3Butky Web-CKM B acmekri
XMapo OpIEHTOBAHOI'O cepefoBUINA. BusBieHo megaroriyHi 0co6auBOCTI 3acTocyBaHHs SageMath
Cloud sk 3aco0y HaBYaHHS MaTEeMaTUYHUX AUCHMILIIH. PO3KpPUTO METOAMYHI acleKTH HaBYaHHS
anreOpu 1 MOYATKIB aHai3y y CTapIlid mpoguUIbHIN IIKOMI 3a JOMOMOIOI0 XMapo OpiEHTOBAHOI
CKM SageMath Cloud.

KurouoBi cioBa: xmapni TexHonorii; xmapHi oouncnenns; CKM; Web-CKM; SageMath
Cloud

IHoneas H. B.

HNucTturtyr MHpOPMALIMOHHBIX TEXHOJOIMH M cpeacTtB oO0ydyenuss HanumoHajabHO#
aKaJeMHH NeJarorm4ecKux Hayk Ykpaunsol, Kues, Ykpauna

METOANYECKHUE ACIIEKTHI UCITIOJb30BAHUA SAGEMATH CLOUD IS
N3YUYEHUSA AJITEBPBI U HAYAJI AHAJIN3A

KayecTBo MaTemMaTnueckoro oopa3oBaHusi BO MHOTOM 3aBHCUT OT KauecTBa 0Opa3oBaHUs B
ueinoM. OCHOBHYIO HJEH, MOXHO pE3IOMHpOBATh CIEAYIOIUM o0pa3oM: s TOro, 4ToObI
BOCIIUTBIBATH MOJIOJIO€ IOKOJIEHUE JIIOJEH, YTOObI TOCTOMHO BCTPETUTh TPEOOBAaHUS BpPEMEHH,
HE0OX0IMMO CO31aTh YCJIOBUS JUIsl 00pa30BaHUsl BbICOKOKAUECTBEHHOW MaTeMaTHKU. [loBbIIeHus
KayecTBa MaTeMaTHYECKOro 00pa30BaHMsl yUYaIUXCs B CpEAHEHN IIKOJIE SIBJISETCS OJHOM M3 CaMbIX
aKTyaJIbHbIX IPOOJIEM.

ConepxaHue ILIKOJBHOIO Kypca MaTeMaTHKM M ee MeToja oO0ydeHus Bcerjga ObuIo
MIPEeIMETOM HCCJIEI0BaHUs, a UHOTJA U OYypHBIX Hay4yHBIX cIOpoB. EcTh crenuanbHble METObI
oO0yueHHs anreOpbl U aHanu3a B BhIcHIed mikosie. OnHako B y4eOHOM Ipolecce aiaredpandeckue
TOHSATHSA W TIPUHIIMIBI aHAJIW3a TPUBEICHBI B TaKOW aOCTpakTHON M 0000meHHOH (opme, 4To
CTYACHT MOXET HCIbITHIBAET 3HAUYUTENbHBIE TPYIHOCTH JUISL COMOCTABICHHMS JTHUX OOLIMX
a0CTpaKTHBIX OHATUH C OIpe/IeJICHHBIMU KOHKPETHBIMHU 00pa3amH.

VYiydmenue nokasaTeneil kayecTBa 0Opa3oBaHMA MOXET OBbITh JOCTUTHYTO C TOMOIIBIO
COOTBETCTBYIOIIHUX KOMITbIOTEPHBIX TEXHOJIOTUH.

CraTtbs mOCBslEHAa MpoOJiieMaM HCHOJb30BAHUS OOJAYHO OPHEHTUPOBAHHBIX CHCTEM
koMmmbroTepHoi MaTtematuku (CKM). Paccmotpens! nepenektussl pa3Butuss Web-CKM B acniekte
00JIaYyHO OPHMEHTHUPOBAHHOM cCpelbl. BBIABICHBI MEAaroruyecKue OCOOCHHOCTH TNPUMEHEHUS
SageMath Cloud xkak cpenctBa o0O0ydeHHsT MaTEMaTHYECKUM JHCIHUIUIMHAM. PacKphITo
METOJIMYECKUE aCMEeKThl 00yueHHs anrebpe W HauvalaM aHaju3a B cTapiieil mpouiIbHOM HIKoJe ¢
nomo1bio obmagHo opueHTupoBanHoir CKM SageMath Cloud.

KunwueBble ciaoBa: o0nauHble TexHoJIoruu; oOmaunble BbrunciieHus; CKM; Web-CKM;
SageMath Cloud
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