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scientists think and try to find the truth? Is it possible to create the motivation in science learning
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1. Preamble

In education process for future engi-
neer in science ( including mathematics)
we remark the lot of opportunities for
developing of “ scientific thinking” and
special engineering skills using informa-
tion and communication technologies (
ICT). Using of the ICT gives rise to new
opportunities in increase of motivation
and efficiency of problem-solving in sci-
ence as well as personal and mathemati-
cal training of the future engineer ([3],
[51, [6], [11]).

One of perspective directions of
computerization in a science and math-
ematical training of engineer is using
of computer-aided mathematical sys-
tems (CMS) and graphic calculators in
scientific research of students in learn-
ing of science and mathematics. CMS
are universal mathematical packages of
symbolical and numerical calculations
(MathCad, Mathematica, Maple, Derive
and so on) and have joined the category
of working instruments for analytical
calculations. Using of a graphic calcula-
tor in teaching of science and mathemat-
ics, being an operative instrument for
solving complex computing problems as
well as an instrument for recording and
visualization of various stages in solv-
ing of problems, raises interest to science
and mathematics, makes the spectrum of
cogitative operations. On the other hand,
the future engineer should not treat the
ICT only as the object of study of their
functions, modes, options, communica-
tions in order to solve scientific and di-
dactic problems, but as a tool to control
cognitive and communication activity of

students in their future professional work
as well.

The ICT utilization gives a unique
opportunity to increase the level of the
personal development of a student:
growth of computational and algorithmic
culture, development of spatial reason-
ing and graphic culture, expansion of a
cognitive circuit spectrum in thinking
processes: perception, understanding,
representation, etc. Moreover, mastering
of complex intellectual activity leads to
acquiring and development of productive
thinking of students on the base of scien-
tific thinking and involving the scientific
methodology in learning process.

The opportunity of communications
as well as using of information ideas in
the process of exchange of didactic and
scientific experience by students via In-
ternet for distance training and use of
electronic working environments as well
as training material is of great impor-
tance of students more intense and influ-
ences the ways of the training contents
presentation.

However, there is still some work to
do. The experience of the projects men-
tioned show that most science teachers
emphasize in their lessons the content
of science; pupils must learn concepts,
formulas, laws and models without ICT
or some. Education in favour of acquir-
ing declarative knowledge. Yet there are
a number of contradictions connected
with the ICT use in scientific training
and mathematical education of the future
engineer, namely:

e Dbetween the rate of development
of information technologies and the state
of teaching of science and mathematics

professional activity in classroom? In this paper we try to answer the questions using methodology
of visual modelling and technology of resource lessons in high engineering school including remote
E-learning environment .
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in engineering universities and colleges;

e Dbetween opportunities of use the
CMS in teaching of science and mathe-
matics and inadequacy of scientific - me-
thodical development;

e Dbetween the necessity of creat-
ing in students the skill of construction
of algorithmic model, while solving a
science, mathematical and real problem,
and significant volume of the calcula-
tions interfering with comprehension of
a model structure;

e Dbetween the necessity of forma-
tion computing skills of students and
practical use by students of computer
mathematical systems when they solve
problems independently.

We understand that scientific think-
ing of students will be have a background
if the essence of scientific recognition is
opened and will be have the special edu-
cational activity of students in the inte-
gration ICT in science oriented on com-
petence based education ([4], [8], [10]).
We should pay attention for scientific
activity, scientific interactions and cogni-
tive acts similar the scientists work. The
good experience in technologies, the ma-
terials and infrastructure developed was
considered as important for the develop-
ment of patterns for repeating. We should
create the innovative forms ( didactical
models and technologies) of organiza-
tion of student activity using ICT in sci-
ence with high motivation. Therefore we
should consider with students the useful ,
beautiful and essential professional tasks
in science learning using modelling and
visualization of complex procedures.

In this paper we will emphasize three
aspects related to science learning with ICT
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and the professional development of engi-
neer in integration process. First, we think
it is a good idea to emphasize the scientific
methodology with ICT ([1-2]). How can
we show our students the beauty and use
of science and the way a scientist thinks
and tries to find the truth? Content, subject
matter, will be important, but we should
reach the essence of phenomena or process
sometimes only using ICT. However, to
introduce science for public understanding
we must emphasize the thinking process of
scientists. It will help the students to get a
better understanding of what science and
practice is all about and at the same time
it will motivate them to learn (more) about
science with visualization of algorithmic
procedures and adequate mathematical ac-
tions. Second, we like to modelling the real
phenomena and process ( including math-
ematical, science and information models)
in integration on different levels with form-
ing the research habits and skills (with the
use of ICT). At last we would like to form
the engineering skills: problem solving in
choice situation; operating the evaluation,
creating of models of real phenomena and
process on the base of visualization and us-
ing ICT.

2. Goals

The problem of the research: define
conditions of the ICT integration into the
process of becoming proficient in sci-
entific and didactic problems of science
and mathematical learning on the visual
modeling basis of objects and processes
by engineer students.

The purpose of the research: cre-
ate an integral system (contents, forms,
methods and conditions) of research by
prospective engineer in solution of sci-
entific and didactic problems of science
education involving of the ICT and uti-
lizing visual modeling of basis and pro-
cesses including remote E-learning envi-
ronment.

Application of the CMS for solution
of scientific and mathematical problems
by students will promote growth of mo-
tivation in scientific research as well as
in professional development of the future
engineer on condition that:

e the practice of visual modeling is
included into educational activity during
integration of science and information
knowledge;

e students construct models while
solving scientific and mathematical prob-
lems with application of the CMS, which
record mathematical optimum procedure
mathematical and information actions;

e students manifest creative activ-
ity while learning to use the CMS (a vari-
ation of data and analysis of results, for-
mation of hypotheses and their testing,
inter-conversion of the sign systems);

e communicative  opportunities
for dialogue for groups of students dur-
ing their educational activity is enlarged
by means of information environments
(Media, Internet, conferences and so on).

Tasks: (scientific, didactic, informa-
tion, methodological, professional):

e Study functional possibilities
and analyze the basic CMS and Graphic
calculator, create the models for modes
of work in the information environment;

e Reveal didactic conditions and de-
velop a technique of visual modeling using
the CMS (the graphic calculator) during
teaching of science and mathematics and
solving of scientific problems;

e Develop a laboratory workshop
aimed at solving of science and math-
ematical problems using the CMS (the
graphic calculator) and the methods of
its conducting for students on resource
lessons;

e Design interactive volume of in-
formation by groups of students on the
basis of authoring software products and
the results of the CMS (graphic calcula-
tor) research;

e Visualize the procedure of sci-
ence and information actions on the basis
of improvement of students’ computing
and logic culture.

3. Scientific methodologies

The results and products of psychol-
ogy theories and conceptions will be in-
put for a paper where we will emphasize
the creative way in which the acquire-
ment of scientific knowledge takes place.
They are: competence base education,
visual modelling, scientific thinking, in-
tegration levels and motivation process.
We will answer the question how to in-
troduce the ICT in process of scientific
thinking and professional skills forming
into the learning process of students in
engineering education.. Action research
with ICT will be introduced as a tool for

future engineer to improve their profes-
sion.

Visual modeling of objects and
procedures with ICT

The pedagogical technology of vis-
ual-modeling learning of science and
mathematics plays a fundamental role in
the proposed didactic system of science
and informatics integration of knowl-
edge and actions ([1], [7]). This technol-
ogy makes it possible to achieve stochas-
tically guaranteed result of teaching of
various qualitative levels of learned ma-
terial as well as integrity of representa-
tion of the basic science, information and
mathematical structures.

Visual modeling methods of learning
present:

e “a priori” modeling the essential
links of the object of perception;

e aprocess of forming an adequate
category of ultimate purpose of the learn-
ers’ internal actions during the process of
immediate perception;

e all teachers’ managing actions,
modeling of separate pieces of knowl-
edge or an arranged set of knowledge
for stabilizing the learners’ immediate
perception.

Let’s turn to the definition analysis
(Fig.1).

The process of perception of the
given visual model presupposes all
key qualities of the science, informa-
tion or mathematical object. It is espe-
cially important when information is
of great volume (or contains a mix of
mathematical (physical) and informat-
ics knowledge or actions). It is neces-
sary to keep in mind such actions when
separate pieces of knowledge or an
arranged set of knowledge are given.
We can deal with proving theorems,
solving problems, constructing the
algorithm, modeling the real phenom-
ena, learning some parts of scientific
and mathematics analysis in its various
logical correlations, with a single les-
son presentation, a lecture etc.

As has already been mentioned, ac-
cording to A.N. Leontyev ( Russian psy-
chologist), when visual methods of learn-
ing and teaching are used, it is necessary
to proceed from the psychological role,
which they (methods of learning or teach-
ing) play in the perception of new material.
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1 — The Procedure of Arranged Set of Knowledge (The Object of Perception);
2 — An Ideal Model of the Object of Perception According to the Didactical Aim;
3 — The Result of the Student Internal Actions Connected With Immediate Perception.

Fig.1 Visual Modeling of Mathematical Object (Procedure)

He chooses two functions of visual meth-
ods of learning or teaching:

o the first is aimed at extending the
sensible experience;

e the second is aimed at develop-
ing the essence of the processes or phe-
nomena under study.

In connection with that, external
teacher’s actions are divided into bearing
and structural actions depending on the
orientation of the sensible or rational ele-
ment of perception.

The external bearing actions can
be as follows: writing down formulas,
tables, displaying models, drawing up
graphs, formulating theorems, program-
ming or logical actions, using text-books
or manuals. The structural external ac-
tions can be as follows: proving theo-
rems, choosing the main theoretical
notions and methods, realizing links be-
tween different subjects.

According to our concept use of
visual methods in learning or teaching of
science of a future engineer is treated as
a special property of psychological im-

ages of science or mathematical objects,
the essence of which is considered in an
integral paradigm of perception of the
basis of the following criterions:

e diagnosable aim-finding of integ-
rity of the science or mathematical object;

e adequate perception (learner’s
comprehension of essence of the science
or mathematical object in accordance
with aims of learning or teaching);

e stability of perceptive image and
presentation under conditions of direct
perception;

e cognitive and creating activity
on the basis of relaxed and successful
learning.

We should follow of the next struc-
ture of visual modeling as procedure the
analysis of science, informatics or math-
ematical object as a part of scientific
thinking (Fig.2)

Future engineer of the target group
will develop lesson modules in joint ac-
tivity to show how a start can be made
with introducing scientific thinking in
problem solving with ICT. We will use

History Operative Visual Methods
The Main Knowledge
Limitation (An Arranged Set of
Knowledge
Logical Analysis

new technologies like computers in the
learning environment of the students.

Uniform Environment
of E-learning

Intensive development of informa-
tion and communication technologies
(ICT) promotes their using within of
educational process at various levels,
including in high school. However the
basic criterion of ICT application within
of educational activity is the organiza-
tion of optimum schemes of integration
ICT with various standard techniques of
subject training and independent activity
of pupils. The modern period in ICT de-
velopment can be characterized by two
essential tendencies. On the one hand,
gradual transition from using ICT of lo-
cal user by directly on the realization of
remote interaction between various us-
ers (pupils and teachers) within local or
global networks is carried out. On the
other hand, gradual transition from us-
ing of stationary ICT resources to the ap-

Motivation

Formalization

Concretization

Fig.2. The Structural Analysis of the Key Knowledge
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plication of mobile ICT, treated as small
resources of information (graphic cal-
culators, a handheld computer, cellular
telephones, smart phones, communica-
tors etc.) is observed. It is necessary to
notice that now the given directions are
considered as completely independent,
not having essential points of functional
crossing ([12]).

The Organization of remote educa-
tional process (REP) within local and
global networks is carried out to active
using of interaction between pupils and
teachers in various operating modes
(«Prometej», “WebTutor”, Moodle, etc.).
There are most often used a mode on-
line with direct display of contents, as
a rule, in a browser, with necessity of
constant connection to a network, or a
mode off-line with possibility of neces-
sary material downloading on the local
computer with the purpose of further
studying without necessity of connec-
tion to a network. Two various intercon-
nected environments for work of users
depending on their accessory to pupils
or to teachers are realized [17, 18]. It is
obvious that there are certain distinctions
in the organization of work with REP for
the given basic categories of participants
of educational process.

On the basis of characteristics re-
search of modern REP it is possible to
formulate of essential lacks modern REP,
used in Russia:

e Absence within REP some reali-
zations of uniform database on teachers
and students, considering names of high
schools, faculties, specialties, groups and
subject matters. It is necessary to un-
derline that the given problem is actual
owing to possibilities, on the one hand,
teachers to work in several high schools
simultaneously, and, on the other hand,
as possibilities of training in various high
schools, besides on different specialties
within one high school as a whole;

e Absence of uniform methodical
complex on similar subjects in homoge-
neous high schools as from the point of
view of structure, and the maintenance
of methodical and didactic materials.
The given problem directly follows from
the first problem as absence of a uniform
relational database on teachers, students
and subject matters directly reflects the
absence of a uniform methodical com-
plex in Russia;

e Absence in REP some dynamic
resources for realization of educational
settlement projects including intercon-
nected works. From the given point of
view modern REP are at all adapted for
application in educational process of var-
ious settlement projects. Unfortunately,
available for today REP allows to real-
ize of independent students work only
on four components. The first. acquaint-
ance of pupils with the lecture contents
presented in the form of the electronic
textbook. The second: testing of students
(use both directly total tasks is supposed,
and generating of demos) by in advance
teacher completely making by manually
of questions and corresponding variants
of answers to each of them (there are no
automated processes, both generation of
various values initial given, and logic
chains in tasks in general). The third:
dialogue within of forums or guest books
(as a rule, within considered subject mat-
ter as a whole), and also the fourth possi-
bility of export-import files of documents
by user. Now design activity is reduced
to creation of presentations and similar
documents, that there are no computing
and logic projects as those that also is in-
admissible. It is necessary to notice that
as a whole there are information possi-
bilities of realization not only computing
or logic operations within educational
projects on science, but also application
of various logic chains and operations
to realization of educational projects on
humanities.

e At the most modern REP there is
a monitoring of educational students ac-
tivity only within total control on a sub-
ject matter as a whole. It is obvious that
the received estimation only indirectly
reflects true level of knowledge, skills
of pupils. Absence of the intermediate
control on each of sections within sub-
ject matter is caused, as it was marked
carlier, the absence of possibility on per-
formance of projects and intermediate
testing on each of subject sections;

e Absence of intuitively clear and
at the same time high-grade system of
navigation within REP which finds the
negative reflexion in realization of the
unfriendly user interface. The given cir-
cumstance is caused by necessity of us-
ing in REP a considerable quantity of the
program modules which are responsible
for various functionality, including be-

yond educational process from the point
of view the realization on direct activity
of pupils within educational disciplines.

e Now Bogun V.V. is carried out
technological working out of informa-
tion system of REP monitoring of stu-
dents in high schools which is directed
on the decision of absence problem in
modern REP of dynamic resources for
realization of educational settlement pro-
jects. Innovations are presented on the
basis of using within of dynamic Internet
site some algorithms of problems deci-
sion generated on program level with the
automated processes of initial data gen-
eration, processing and monitoring of
intermediate and total results. In particu-
lar, the corresponding applied software
which is based on using of Web-server
Apache for realization of virtual server in
a combination to technology of dynamic
Internet sites creation on the basis of
programming language PHP and control
systems by relational databases MySQL
for realization of necessary inquiries is
developed [21]. REP with strengthening
adaptive interactions, constructed on the
basis of developed information system of
monitoring REP of students is character-
ized by following features:

e The uniform database on teach-
ers and students within region or the
state on the basis of automated account
of basic signs (the name of high schools,
faculties, specialties, groups and subject
matters) is realized. On the other hand,
the uniform database under educational
projects and studies entering into their
structure for necessary subject matters
is realized. Applying to teaching math-
ematics is shown that directly reflects the
presence of a uniform methodical com-
plex on subject matters in homogeneous
high schools;

e The dynamic system of educa-
tional projects from the point of view
on necessary of didactic and methodi-
cal components of pupils design activ-
ity includes the description of the con-
sidered course within subject matter.
The list of names and the description of
corresponding projects within of each
course, the list of names, the descrip-
tion, theoretical aspect, demos and set-
tlement tasks on corresponding works
within of each educational project is
realized. Automated generation of in-
dependent variants of demos (values of
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the initial given, intermediate and total
results) for the teacher and the student
with possibility of demos viewing both
representatives and administrations
only for one of the parties is used.
Generation of tasks (variants of values
of the initial data) is made for students
unitary, the teacher should get access
to work of students only in a viewing
mode, students should get access to
the work with possibility of viewing
on correctly specified values, view-
ing and editing of intermediate before
values intermediate and total results. It
is necessary to notice that realization
of demos and settlement tasks for stu-
dent activity is carried out according
to decision algorithm of corresponding
problems developed on programming
level within of activity;

e The dynamic system of pupils
testing within of subject matter, the
project or activity with completely au-
tomated processes of values generating
of initial data, correct both obviously er-
roneous results, and checks of answers
correctness on test tasks is realized. Pos-
sibility of demos generating of corre-
sponding tests, realization of high-grade
monitoring of students educational activ-
ity within of necessary subject matters
from the point of view as disciplines as
a whole and taking into account results
of settlement projects performance and
activity thanking completely automated
mechanisms of data processing is thus
used;

e Dialogue between students and
the teacher in the form of a forum within
learning activity is realized that essen-
tially raises clearness of discussed prob-
lem borders in forums. It is necessary to
notice that the given process means all-
around automation presence. Intuitively
clear user interface and navigation within
of REP owing to use of various kinds of
dynamic menus essentially facilitating
an access to the necessary information
(the hierarchical menu with tree use, the
menu with use hypertexts etc.) is applied.

It is necessary to notice that possible
to use as didactic material certain sec-
tions of linear algebra (a matrix, system
of linear algebraic equations, analytical
geometry), mathematical analysis (lim-
its and a continuity, calculus, differen-
tial equations), combinatory, probability
theory and mathematical statistics.

Aims and indicators for success

To reach goals related to our goals
as formulated in the preceding paragraph
we must:

In relation with scientific methodology:

e analyse the (international) expe-
riences on how to attract future engineer
to science with ICT;

e investigate whether and how the
ideas of students on science and the sci-
entific world change during the project;

e describe learning activities (also
including ICT) in relation with “creative
and scientific thinking” (paradigm shift);

e design activities that can take
place within the regular curriculum and/
or during short time thematic projects;

e pilot the develop lesson modules
as resource lessons with ICT in engineer-
ing education in Russia.

In relation with action research:

e introduce the methodology of ac-
tion research with ICT;

e support future engineer during
the process of action research with ICT;

e create and analyse the method-
ology of resource lessons with ICT and
rewrite the modules.

e develop a manual to show future
engineer how to implement and use ac-
tion research with ICT in their profes-
sional practice

e develop a manual to show future
engineer how to implement the kind of
activities we designed during the project.

e create the base of professional
oriented tasks with using ICT in different
levels and forms.

4. Methods of research

Integration of knowledge assumes
possession of the following professional
skills:

e Skill to solve a problem (forma-
tion of a question, finding of scientific
information for solution, analysis of a
problem situation, setting up of a hy-
pothesis);

e  Capability for science, mathe-
matical and information modeling (defi-
nition of the data, conditions and borders
of search of the solution, translation of
a problem into the language of math-
ematics, construction of the adequate
mathematical device, integration of the
solution);

e  Skill to apply the ICT;

e Skill of scientific and logical
thinking;

e Communication skills.

Integration ICT
with Science Learning

It is required to teach students to
project and investigate mathematical
models utilizing the ICT in such com-
ponents where their application is neces-
sary and justified (complex computing
algorithms, visualization and recording
of various stages of science, mathemati-
cal or information actions, construction
of complex graphic objects, etc.). Thus
construction of integrative information
model, which optimizes use of an infor-
mation resource (functions, commands,
modes, algorithms, etc.) is a very impor-
tant problem ([5], [11]). (Fig. 3.)

Developing the genesis of learning
element with ICT as pedagogical prob-
lem ( object for mastering by another
subject in learning process with ICT )
require the calculation not only mental
experience, person characteristic and
conditions of activity, but system analy-
sis of analogical substructure of future
subject of mastering in new pedagogical
conditions.

On next Fig.4 are shown the struc-
ture and factors contents which influence
on projecting of science objects ( pro-
cess, phenomena) with ICT as pedagogi-
cal problem ([2], [7], [8]). (Fig.4)

Remote Training in Uniform
Environment of E-Learning

The organization of educational pro-
cess with using of students monitoring
system of REP is carried out on follow-
ing algorithm:

1. The Formulation by teacher
of necessary methodical and didactic
components of educational process with
using of design activity, including: the
description of considered course within
of subject matter, the list of names and
the description of corresponding projects
within of each course, the list of names,
the description and theoretical aspect on
corresponding activity within of each
educational project with the subsequent
reflexion of specified components within
of students monitoring system of REP;
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Statement and qualitative

analysis of initial data

« motivation and goal setting;

« degree of difficulty and significance;
« semantic model and adequacy;

« actualization residual frames;

« anticipation of mathematical images

(problems and the ICT)

A 4

Creation of the natural-
scientific (didactical)
and mathematical model

Inter-transitions of transformation of various

modality of sign systems;

Structural adequacy of the visual mathematic
model;

Integrity of the procedure of mathematical
activity;

Variability, reproduction and transformation of
modes;

Differentiation of connections and construction
of agreement graph.

\

Frame of mathematical Design of
(natural-scientific mathematical
activity of students activity

Aims:

e integral structures of mathematical
objects and procedures (product
models);

® prognostication and design of the
future result;

e adequacy of mathematical tool and
structure of mathematical associations.

v

Structure module of math (scientific)

activities
~~

o scarch for adequate didactic,
computer-aided mathematical systems
(Maple, Mathematica, MathCad,...);
® genesis of formation and integration
of mathematical knowledge;

e logical and structural analysis of
content and form;

e agreement graph (coding) of models
components (natural-scientific,
mathematical, informational).

Model of a structure of mathematical
(scientific) activity

Didactic
components of
integrative model

Agreement frame

Aims:

The ICT frame of Design of
student’s activity informative
elements.

Procedure of using

(ICT) activities

® training;

® heuristic;

e developing;
® projective;
egeneralizing

Terms of training:
e small group activity;
e creative activity of students;
e methods of visual modeling;
e construction of projective models.

) ) <] Aims:
e Reliable i perception and e containable (computational, algorithmic,

representation; visualization);
o logical value ofgljgumentauon; o essential (penetration into the essence of
e control of acquiring the methods of l4— mathematical objects)

mathematlcal ::.lctw?ly;- ) e applied (solution of natural-scientific,
e integrity of interiorization of the economical-applied problems);

. L ’
visual row of perceptive images. o creative (solution of research problems).
Functions: [

Modules Structure of design software

=]

® listing programs;
® algorithms of potion utilization, modes,
commands;
e visualization of stages of solution on a
screen.

v

i

CMS: Maple, Mathematica, MathCad,
Graphic Calculator, Remote E-learning

Integrative informational mode of
Environment (ICT)
Integral Model of Design of Electronic
Environment

l

Mode of integration of scientific problems with ICT:

e formation of an adequate cognitive scheme of training activity;
o characteristics of creating environment;

o design ICT tools and mathematics (scientific) results;
e visual modeling of product activity

escientific thinking

Fig. 3. Integrative model of mathematics (science) and ICT activities

2. Working out of settlement al-
gorithms necessary and corresponding
programming modules for realization of
each problem decision within of educa-
tional project with the subsequent reflex-
ion of specified components within of
students monitoring system of REP;

3. Generating by the teacher and
students of demos independent variants

of considered activity with possibility of
demos viewing both representatives and
administrations only for one of the par-
ties. On the basis of values generating of
initial data with using of random numbers
and generated initial code of programming
module of problem decision should be re-
ceipted of automatically calculated values
of intermediate and total results;

4. Generating by each students
the corresponding variant of activity
with possibility of viewing (not editing)
by the teacher of intermediate and total
results values and possibility for students
of correctly specified values viewing ,
editing and viewing of current values and
intermediate and total results on the ba-
sis of values generating of the initial data

84



GISAP

Factors and Characteristics of Science as Pedagogical Problem

> Interactions of sign systems in training;

» variability of approaches in studying
educational elements with ICT;

»>educational activity in conditions of
restriction of resources;

» individual and especial display of the theory
of the doctrine with ICT;

» parities of theoretical and empirical
generalization;
»culture of oral and written science,

informatics, mathematics

thinking.

speech  and

]

Requirements
trades P

»>levels of abstract and theoretical
generalization, calculus problems;

» parity of the theory and practice;

» structure of base educational elements
with ICT;

» base of spirals of knowledge founding;

» heuristic and applied component;

» urgency and levels of development of
informatics and mathematics as sciences;

» the state educational standard of school
and engineering education.

il

The maintenance
" of a subject

A

The teacher

Science object (the
v, phenomenon, process) with v
ICT as a pedagogical problem)

A

The subject of

(compiler) [

.| training ( student)

I

i

> choice of the theory, technology, methods
of training, ICT resources;

» choice of forms and means of training;

> possession of structure of taxonomy of the
educational purposes;

» professional competence in science and
[CT:

» creative and search activity;

»>selection of a base and
educational elements.

integrative

» actualization o f levels of mastering and
complexity of an educational element;
» breadth of experience of the person;

» condition of  mental processes
(perception,  motivations,  thinking,
memory, emotion);

» personal qualities (abilities, terminal

values, orientations);
» actualization of phases of orientation,
performance and evaluation.

Fig.4. Factors and characteristics of science as pedagogical problem

with using of random numbers. There are
used proceeding from formulated condi-
tions the generated initial code of pro-
gramming module of problem decision;

5. Realization of monitoring of
students design activity from the point of
view as teacher, and students. The main
purpose of process analysis is the perfor-
mance by students of project work and
formation of further strategy of current
design activity realization;

6.  Realization of dialogue be-
tween students and the teacher in the
form of a forum within of each project
activity that essentially raises clearness
of discussed problem borders in forums,
for the purpose of problem allocation of
areas and their further decision. (Fig.5).

On the base of development network
and Internet technologies in educational
process there is almost completely un-
resolved a problem of ICT mobilization
for the purpose of small resources of in-
formation using. Practically at all stages
of educational process realization (class-
room activity without dependence from
possibility of their carrying out in a dis-
play class, in house conditions, library,

in the open air etc.) the requirement for
integration of subject and information
knowledge is obvious. The given prob-
lem reflects the essence of ICT develop-
ment designated above the second direc-
tion for today, consisting in necessity of
ICT transition from the level of local user
on mobile level of an information tech-
nology realization.

Now practically within of small re-
sources of information there is no pos-
sibility for monitoring of students educa-
tional activity, not to mention of design
activity realization. If to track all avail-
able achievements on ICT mobilization
for today it is possible to allocate only
one class of small resources of infor-
mation as graphic calculators which are
rational for using in educational process
with restriction of a scope within of re-
ception and visualization decisions of
necessary educational problems. Possi-
bility of graphic calculators using in edu-
cational process speaks a primary orien-
tation of given mobile devices from the
point of view of hardware and program
maintenance. However primary possibil-
ities on using in educational process of

other classes of representatives of small
resources of information (cellular tel-
ephones, smart phones, communicators,
a handheld computer etc.) are simply ab-
sent as those [19]. The matter is that the
given mobile devices have initially been
focused on especially applied problems a
little connected with educational process
that is for realization of telecommunica-
tion, access to the network the Internet as
user and use of additional user functions,
for example, application of the device as
the camera, a player, an alarm clock etc.

On the same level with the essential
lacks generated above modern REP, ap-
plied in high schools of the Russia, it is
possible to allocate real problem areas
which arise at realization of educational
process with use of small means of in-
formation:

1.  Practically a total absence
of the concept and techniques using of
small resources of information in educa-
tional process that directly reflects small
volumes of studies support of similar
mobile devices;

2. Primary absence of the soft-
ware for small resources of information,
directed on using of given devices in ed-
ucational process in all its displays. This
in itself is unacceptable as on the studies
spent without attraction of display class,
mobile devices are the unique alterna-
tive of personal computers replacement
on realization of computing projects and
problems;

3. Absence of direct applica-
tion of small resources of information
within of REP that is strange enough
circumstance as the majority of modern
mobile phones, smart phones and com-
municators give possibility of access to a
network the Internet under HTTP report
and some other reports with application
of technology GPRS.

Now authors actively develop and
approve the concept using of small re-
sources of information in teaching math-
ematics [13, 14]. As a didactic mate-
rial the methodical complex of graphic
calculator CASIO ALGEBRA FX 2.0
PLUS using is developed. Thus various
graphic calculators of Texas Instrument
corporations and CASIO as one of the
representative of small resources of in-
formation in the course of teacher train-
ing can be applied. Research includes the
description of necessary methodical and
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> Interactive environment of programming realizing of algorithm
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versions

Generating of project’s demo

Generating of project’s execution
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Generating of initial data

Generating of initial data values

v

Generating of
execution results

Generating of results values

values

A

v

Generating of reports with
opportunity of interactive

Generating of
projects reports

Comparative analysis of
scenariji results and
execution

v

Structure Generating
of projects reports

TUTOR

Monitoring of students
project activity

Discussion of project
results with student

view (verification) (edition) e
Development of Calculation of project
N algorithm results
programming
implementation
7y t
Development of . s
didactical contents MON ITOR' NG Getting of 1n'ltlal data |
SYSTEM OF values and projects results
'l REMOTE

EDUCATIONAL
PROJECTS
USING ICT

Results Display of
students project activity

Y,

STUDENT

Analysis of current

Implementation of forum

project activity

for project discussion (g

Discussion of project
results with tutors

Fig. 5. The scheme of implementation of REP monitoring

didactic making various studies (a labo-
ratory practical work, a practical training
and an open classroom), the design prob-
lems focused on active using of educa-
tional activity realization.

The basic lack of graphic calculators
as well as all representatives of small re-
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sources class of information is the total
absence of interaction with Internet en-
vironment as directly or through of local
networks. Thus also there is no a neces-
sary software for work in Internet net-
work (browser), therefore to unite graph-
ic calculators in the uniform environment

of remote training from the point of view
of pupils access to educational projects
for the purpose of subsequent monitoring
of educational activity of students by the
teacher is impossible. Unique possibil-
ity of graphic calculators using in edu-
cational process is presence of powerful
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Didactical problems (visualization,

algorithmization, calculations, variability)

'

Mathematical, science and applying problems

v

Conceptual modeling

v v

Mathematical model

Informational model

v v

-
-

AJITOPUTM pelnieHust mpo0JieMbl

STUDENT

v

Variability of initial data values for small group of

students

v

Verification, analysis, reflection

Fig. 6. The scheme of graphic calculator using in science learing

built in mathematical software realized
on the level of computer mathematical
systems and directed on realization and
visualization of mathematical calcula-
tions connected with research of difficult
phenomena and processes.

The technique of graphic calculator
using offered by authors in the course of
teacher training is characterized by fol-
lowing aspects (fig. 6):

1. Revealing and statement of
the didactic problem consisting in ne-
cessity of using of graphic calculator on
certain stages of problem decision con-
nected with application of visualization,
algorithmization and difficult computing
procedures and variability of initial data
values;

2. Allocation from didactic prob-
lem designated above, mathematical, sci-
ence and applied problems and problems
deducing on realization of difficult com-
puting and logic operations, connected
with visualization and also variability of
initial data values;

of
mathematical and information modeling

3. Realization conceptual,
for the decision of problems;

4. Working out of algorithm of
problem decision on the basis of received
mathematical and information models
and its realization on programming level
within of graphic environment of calcu-
lator;

5. Using of applied software de-
veloped on graphic calculator within of
realization of task decision for the pur-
pose of hypothesis formulation. After
checking it on the basis of carrying out
of comparative analysis of intermediate
and total results in the course of a vari-
ation of initial data values. It is expedi-
ent to organize in this case some process
of training in small groups of pupils that
allows to revealing of various personal
psychological features of students.

Authors on an example of developed
laboratory work using of graphic calcula-
tor as integration tools of mathematical
and information knowledge is offered

at performance of numerical algorithms
which essence consists in construction
and visualization of iterative processes
converging to required decision.

The technique of laboratory works
using of communications principle in
small groups is carried out on following
stages:

1. The actualization of knowl-
edge and the control of theoretical as-
pects and practical skills on using of
graphic calculator;

2. The formulation of the name,
the purpose and the plan of laboratory
work carrying out;

3. The consideration of math-
ematical problem decision on an indica-
tive example;

4. The distribution of students
on small groups (on 3-4 persons) for the
purpose of the various variants analysis
of initial data;

5. Evident modeling and the de-
cision of an offered mathematical prob-
lem with application of three numerical
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methods on the basis of mathematical
and information knowledge integration
with using of graphic calculator;

6.  The reflection and carrying
out of comparative analysis of received
results for the purpose of conclusions
formulation and checking out of hypoth-
eses;

7. The registration of laboratory
work with subsequent representation to
the teacher;

8. The presentation of results;

9.  Individual interviews or veri-
fying testing.

Diagnostic Procedure for Defining
of Students Motivation and Calcula-
tion of Positive Shifts

Cognitive interest determines the ac-
tivization of:

e achievement motives:

e presence of adequate result in
practical activities;

e construction of mathematical
and science model of process or the phe-
nomenon;

e ability to consolidation (in think-
ing of the pupil and activity) the initial
data for the decision of a problem;

e realization of a choice in meth-
ods and procedures of tasks decision;

e appearance of pupils insight in
action research;

e social motives are defined by
the dialogue and interaction in small
group:

e achoice of a social role;

e social tests and search positive
(internal and external) results of dia-
logue;

e cxpansion and development of
activity in a direction of self-realization
of the person;

e motives in action research of
pupils:

e actualization of pupils insight;

e integration of thinking efforts of
pupil;

e visual modeling in knowledge
and process

The following table show the diag-
nostic procedure of student’s motivation
defining. (Tabl.1).

So we base on detailed structure of
student’s interests components, which
consists from three area of characteris-
tics: A — motivation of results achieve-
ment, R — motivation of self-realization,
E — motivation of thinking efforts. Based
on this position we define the interests of
students (1) as vector (oriented) psycho-
logical category:

— — — —
I=A+R+E
All of this characteristics should be

actualized by special pedagogical instru-
ments, actions, resources according to
educational aims using ICT.

The model and the evaluation of a
“resource lesson with ICT”

We try to use methodological ideas
of problem solving, visual modeling,
work in small groups, humanizing of
science and mathematics education with
ICT:

e setting of the productive science
problem with mathematics and informat-
ics decision (actualization of science, in-
formatics and mathematics knowledge of
the last years on the basis of integration;
participation in discussion and statement
of educational tasks; construction of
science, informatics and mathematical
model of process or the phenomenon;
ability to consolidation (in thinking of
the pupil and activity) the initial data for
the decision of the problem);

e educational activity of pupils on
high level of complexity ( quasi-research
activity of pupils aimed at analysis of
results and search of new patterns of
relationships; search experiment us-
ing numerical methods and computing
procedures, diagnostics of information

dynamics of parameters; monitoring

— o — —

I=A+R+E

A
Motivation of results
achievement

* notion research

( observation, analysis of
experiences, setting and
verification of a hypothesis,
forecasting and projecting of
activity)

« visual modeling (algorithm and
procedures, anticipation,
interaction of sign system,
abstraction, generalization,
classification)

v
E

Motivation of thinking
efforts

* insight and nonlinear
thinking

(problemness,

search difficulties,
criticism and evaluation);
« explaination (skills for
talking, revealing of
essence)

R
Motivation of self-
realization

* communications (evolution
of role position,

social verification of new
knowledge,

information exchange and
access);

« reflection

(self-analysis,
self-realization,
self-definition)

Fig.7. Characteristics of Components of Student’s Interests
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Tabl.1
Kind Characteristic Criteria Technique of Measuring
measurement instruments

1. Motivations
of achievement
of results and an
estimation of a
level of claims

Define the stability
of motives of
aspiration to
success and escape
the failures on the
basis of expansion
of knowledge

and interests.
Estimates a degree
of difficulty of the
purposes which the
person puts before
itself

Presence of adequate result in
practical ( experimental ) activity,
—construction of mathematical
model of physical process or the
phenomenon,

—ability to consolidation ( in
thinking and activity of pupils)
the initial data for the decision
of a problem ( physical or
mathematical),

—realization of a choice in
methods and procedures of tasks
decision,

-insight in action research

The test consists of

lines of the statements
concerning the separate
sides of character, and
also opinions and feelings
concerning some vital
situations. In the second
test on the end of process
of problem’s decision the
question naira directed
on studying of internal
both external motives
and estimating a level of
person’s claims is offered
to the pupils. It is spent 2
times(the beginning—the
end

Updating of a test —
questionnaire of A.
Mehrabian ( TMD
in M.S.Magomed-
Efimova’s edition),
V.K.Gerbacheskii’s
questionnaire ( St.-
Petersburg, 1990)

Social motives

are static zed

by dialogue and
interaction in small

group

2. Motivation of
self-realization of
the person

—a choice of a social role,

— social tests and search positive
(internal and external ) results of
dialogue,

— expansion and development

of activity in a direction of self-
realization of the person

The version of
sociometric Moreno’s
method is used. The
principle of an estimation
is put in a basis by

each pupil‘s degree of
sympathies-antipathies to
each of the schoolmates
by means of a polar
numerical scale

— Sociometric. It is spent
2 times

Sociometric tests are
at studying system of
interpersonal mutual
relation of pupils

( E.G.Zavertkina,
S.V.Shvetsona, 2001)

Enrichment of
interests, emotional
tone, intensity

in development

of resource and
thinking activity

in interaction

of physics and
mathematics

3. Motivations
of integration of
thinking efforts

— Mental activity of the pupils
in action research on the base
of integration of physics and
mathematics,

—increase of interests to learning
physics and mathematics,

- insight and nonlinear thinking

The examinee
independently estimates
the condition on a
7-mark scale (interests,
an emotional tone, a
pressure, comfortable
psychological activity). It
can be spent in group and
it is designed for repeated
inspection.

It is spent 2 times

The modified
technique the
DIGNITY ( Doskin
V.A.,Lavrent’eva
N.A.) by a principle
of polar structures of
C.Osgud

and correctional interaction of obtained
results, search of integrative knowledge
and prospect of development; skills of
visual modeling and estimation of real
processes);

o cfficiency of using resources (
material, materialized, ideal) for activi-
zation of cognitive processes and social
interaction ( presence of adequate results
in practical activities; joint analysis, in-
formation interchange, presentation of
results; visual modeling in educational
activity; reflection and internal plan of
pupils action);

e the organization of work in small
groups (_ distribution and the choice of
social roles, planning, forecasting, ac-
ceptance of decisions, selection of the
data and modeling, registration of re-
sults; social tests and search positive (
internal and external) results of dialogue;

expansion and development of activity °

in the direction of self-realization of the
person).

As the result of such approach on
organization of learning process for stu-
dents in engineering universities we in-
troduce the notion of  resource lesson
with ICT” as the form of teachers and
students activity for two subjects in one
lesson on the ICT -base, so we define
the “resource” as a necessary volume of
the educational information in science
(mathematics) sufficient for successful
development of pupils’ proficiency of in
mathematics (science) according to edu-
cational aims, integration of subjects on
the ICT-base and following characteris-
tics:

e cqual volume and complexity of
subjects material ( science, informatics
and mathematics knowledge);

setting of subjects aims ( scien-
tific, informatics and mathematical);

e setting of science and real prob-
lem with using of ICT and mathematical
resource (algorithms, countable, logical,
sign-symbolical, modeling and so on);

e computing and science experi-
ment;

e social activity of pupils and work
in small groups;

e preliminary procedure of actual-
ization of science, informatics and math-
ematics knowledge;

e teachers manage the learning
process of students together.

The educational aims of “resource
lessons™ are the investigation 2-3 en-
gineering tasks with ICT in integration
of science, informatics and mathemat-
ics using visual modeling technology
across the series of models( concep-

89




GISAP

EDUCATIONAL SCIENCES

1 2 ooe n n+2 nt3 e m

ol

@ - > > — e
1 2 .o n n+2 nt3 e m

Mathematics Science Mathematical Science Knowledge with RL1(2)--....
Knowledge Engineering Aims “resource lessons” 1 (2)
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tual, science, informatics, mathemati-
cal). The frequency of resource lessons
in semester is 5-6 lessons using the
competence base education, scientific
thinking and works in small group of
students. The dynamics of procedure
using the “resource lessons” is on the
next Fig.8:

To our minds, one way to deal with
the specified problems is to realize tech-
nology of visual modeling and conduct
“resource lessons “at which the inter-
relation of learning material on science,
informatics and mathematics is revealed
to its full and individual activity of pupils
Srows.

Stages Description of Projecting
Procedure of
“Resource Lesson with ICT”

e The comparative analysis of
curriculums in science, informatics and
mathematics has been carried out: chro-
nology of topics, allocation of topics
with the resource, interactions, construc-
tion of structure of interrelations and
their orientation, terminological coordi-
nation, bank of modeling situations.

e The analysis of engineering expe-
rience’ working patterns on science, infor-
matics and mathematics using with ICT” in
the world practice according to the criteria
Project’s aims has been executed; the pro-

Fig..8. Dynamics of resource interactions

ject of the innovative contents of the inter-
subject interaction has been constructed.

e The future engineer have filled
in the questionnaire on methods of sci-
ence, informatics and mathematics co-
ordination, the students have been in-
terviewed and asked to fill in the ques-
tionnaire, The analysis of pedagogical
experience of in inter-subject connec-
tions in science, informatics and math-
ematics (the methods of conducting
research, the bibliography on the prob-
lem, unity of teaching and methods of”
activization of student’s cognitive ac-
tivity of, impact of activization of the
mathematical (science) and informat-
ics resource on changes in motivation,
thinking and personal development)
have been carried out.

e Psychological diagnostics and
sample tests in experimental and refer-
ence forms have been carried out.

e Diagrams reflecting coordination
of topics and resources in certain sec-
tions of science, informatics and math-
ematics are constructed.

e Scripts of some resource lessons
have been made and trial lessons in Uni-
versity’s classroom form based on the in-
novative methods have been carried out.

e The resource lesson with ICT
and video data have been analyzed. A
videoclip and comments to it have been
made.

5. Good Practice Using ICT
(Graphic calculator, Maple)
on “Resource Lesson”

The analysis of curriculum on
physics and mathematics have shown
the mismatch of sections learning and
have defined the
and “coordination graph” technologies

“resource lesson”

constructions. We look on two lessons
in Russian schools concern with “ re-
source lesson” methodology. Testing
applying to more than 1000 pupils of
secondary schools have shown strong
influence the volume of mathematics
in science on pupils motivation. At the
same time it will be grown the level of
“scientific thinking” and research ac-
tivity of pupils.

First one is the title “ Fall of
the body” for 10 class of secondary
school ( integration of ICT, physics
and mathematics) using the graphic
calculator.

Purposes and problems:

e Using Newton Second Law to
research of the real physical processes
(the building physical, informatics and
mathematical models, structures acting
power , procedures and mathematical de-
pendencies);

e Use the numerical methods for
the decision of the physical problem with
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Students

Information
access and
exchange

Students

Social role
function

Social
verification
of new facts

ICT —graphic calculator (the method it-
eration, approximations, derived to dif-
ferential relations);

e Use the graphic calculator for com-
plex current calculations and visualizations
stages of decision of the physical problem ;

e Substantial interaction of informa-
tive and physical resources (visual mod-
eling, structure, levels, dynamics, forms,
efficiency) using mathematical tools;

e Motivation to physics learning
using informatics and mathematics for
personal development of pupils.

Setting of the problem:

The body by the mass 70 kgs falls
with the big height. The power of the air
resistance is finding by the equation F
= Av + BV, where factors A and B are
defined of the body size. Let these factors
are the following values: A = 5H - s/m
and B = 102 H - s*/m’. We must to find
the velocity depending on time, passed
after begin falls. Trace the graphics v(t)
and s(t).

Students
N

Students Action Research Activity with ICT

vy

Joint Activity

Scientific
thinking

experimental

Action
research

Observation, data collecting,
setting of local tasks, hypothesis,
forecasting

i

Design of scientific knowledge,

work with ICT,

visual modeling, insight

Explaining, search of essence,
evaluation, procedure of decis

i

i Stages of small

i

Understanding, application,
presentation, interpretation

Fig.9

Organization Work
in Small Groups:

Features

1. Dialogue, discussions and criti-
cism in behavior and thinking of pupils

2. The analysis, information in-
terchange, presentation of physical and
mathematical results

3. Integration of graphic calculator
using and estimated and algorithmically
activity of pupils

Procedure

Work in small groups with the pur-
pose of self-determination, self-reali-
zation and activization of independent
cognitive and creative activity of pu-
pils (groups on 5-6 pupils are united on
personal sympathies and interests with
possible rotation of structure and distri-
bution of functions and roles in group):
(Fig.11, Fig.12).

We should use in this procedure the
method of sequential approximation for

groups work

calculation the values of v(z) and s(?) as
functions from time. The students can
change the values of 4,B, m, t for view
(by using the graphic calculator opportu-
nities) on dynamics of process. They can
answer on questions:

Is a function v(?) monotone?

Can you find the time of body landing?

What happened with time landing,
velocity landing if the body will have the
different initial velocity?

How can you see that happened with
velocity and time landing if the mass will
be different?

and so on.

The students can fill the table of val-
ues , view the graphics, try to find the
analytical decision of the problem.

Activity of pupils:
e Distribution of social roles in
small group, an individualization of edu-
cational activity (planning, forecasting,
acceptance of decisions, selection of the

data and modeling, managing of graphic
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Requirements and design

The purposes and problems

ivation and personal
devglopment of pupils
tegration of a mathematical
afd science resource (contents,
tructure, levels, dynamics,
forms) with ICT

3. Action research of pupils and
achievement of results

self-realization and activization of independent cog

reflection of estimated activity

1.Statement of the purpose of educational activity. Settings of a
problem on a joint of integration of mathematical and physi

3. Work in small groups with the purpose of self-detfrmination,
five and
creative activity of students (groups on 5-6 studenty are united

on personal sympathies and interests with possiblg rotation of
structure and distribution of functions and roles j group)

4. Activization of a complex of residual knoyledge in informatics,
mathematics, rough procedures. Presentation Af results and a

Characteristic of
educational activity

1.Productive visual modelling

knowledge,

m§thods. lntrodL}ction of produytive interactAion on the basis of socidl Technique and
activity, a reflection of pupils, visual modelling and the structural — h £

analysis of integravive material and inclusion in cognitive proce phases 0_ P s
of various modalities of sign experience (mutual transitions of sfen lesson with ICT
systems)

2. Computing and modelling activity and realization of |
mathematical algorithms and procedures, experimental wor K

(an opportunity for data gathering and a way of their reprgsentation, 1. Settings of the
a choice of algorithm of calculation with ICT, decision nfaking, the purposes

analysis and an estimation of the received numerical regult) 2. Activization of

integration in
mathematics and
science activity

3. Settings of a
problem

4. Action research in

small groups with ICT
5. Presentation of
results

4

The diagnostic program of
teacher’s activity

of integrative material (orientation of 3

types on P.J.Gal'perinu, mutual transitions of
the sign systems, managing algorithm and
result of activity, activization of a complex of
residual knowledge)

2. Self-determination and self-realization
of the person (work in small groups,
randomness of behaviour, a choice and
decision making, a reflection and activity,
social interaction)

3. Development and activization of
personal characteristics (insight,
motivational and emotional spheres,
communicative qualities, reflection,
creativity)

1. Supervision over a course of educational process (activity of students,
understanding, levels of mastering and interaction, stability of motives and
interests, insight and reflection)
2. The interviewing of students connected to problems of mastering,
application, transformation of experience, and also a level of interests,
activity and interaction
3. Conducting a diary of supervision with an estimation of problems and
their reasons, consultations of the methodologist and the psychologist on

classification of problems and a technique of their sanction

Fig.10. TECHNOLOGY and Phases of Resource Lesson with ICT for Action Research

calculator using, registration of results;

e Presentation of research results
in small groups and reflection

Within of laboratory work with the
decision of following design problems
from calculus [13, 20] is carried out:

1. The calculation of minimum
numbers values on approach to a limit of
numerical sequences

_ay’tapn+a,
" b’ +bn+b,
(for e>0 ay#0 by #0,

a
Xn . < &) with using methods of a
2

gold proportion, Fibonacci, a dichotomy
and their comparative analysis (section
«Limits and a continuity») [13];

2. Decisions of algebraic and
transcendental equations with using of
dichotomy method, combined method
of chords and tangents (Newton), it-
erations method and their comparative
analysis (section “Differential calcu-
lus”);

3. Calculations of certain inte-
grals values under formulas of average
rectangles, trapezes, parabolic trapezes
(Simpson) and their comparative analy-
sis (section “Integral calculus”™),

4.  Decisions of ordinary differen-

tial equations of first order with using of
Euler method, Runge-Kutta of the sec-
ond, fourth usages of accuracy and their
comparative analysis (section «Differen-
tial equationsy).

Further realization of unique in-
tegration of above-stated tendencies
of ICT development within of educa-
tional activity thanks to developed in-
formation system of REP monitoring
of students in secondary and higher
school using an access to given envi-
ronment is offered. Thus interactive
activity is possible as from personal
computers through Internet global
network and from certain representa-
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Fig.11
Physical Model
d F..= Av + BV’
A
e "
A 4
L
Fig.12

Mathematical Model
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Information Model
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Fig.13. Information Model

tives of small resources of informa-
tion (mobile phones, smart phones,
KOMMYHHKaTopsl) on the presence
of GPRS technology supposing of
HTTP report. It finally will allow to
realizing the uniform environment of
remote training of students in high
schools, uniting all participants of
educational process without depend-
ence as from the presence of display
class and geographical position of
educational process participants on
realization of independent activity
and monitoring of students educa-
tional activity by the teacher.

6. Conclusions and suggestions

The analysis of these results made
us feel confident that the hypothesis
concerning the opportunity to increase
motivation in learning of science (math-
ematics) by incorporating into science
(mathematics) lessons of suitable math-
ematics (science) material is consistent
and logical. It can be achieved by means
of development of “resource lessons”
and activization of cognitive activity of
engineering students by visual modeling
and group work activity. The conducted
research has shown the importance of the

chosen topic and has partially confirmed
the put forward hypothesis about the
significance of the integrated approach
to interaction of science and mathemat-
ics with ICT in engineering education.
Research of the innovative approach in
visual modeling of science, informatics
and mathematical processes, activation
of motivational and cognitive processes
have promoted positive changes in per-
sonal development and successful mas-
tering (learning) of teaching material.
Resource lessons with ICT as basic form
of realization of interaction of science,
informatics and mathematics has shown
its efficiency and opportunity for further
research. It is recommended to develop
the cycles of resource lessons with ICT
in learning of science and mathematics
at University and to carry out a detailed
analysis and feasibility of the technolog-
ical innovations.

On the basis of the model and the
method of research we have worked out
ideas on the series of “resource lessons”
with ICT for engineering students ( also
using computer mathematical system:
Maple, MathCad, Mathematica and so
on) on the laboratory work on science
or lessons in mathematics or science in-
cluding remote E-learning environment.
Together with teachers and teacher edu-
cators we have to design more lessons, to
carry out those lessons in classrooms and
to analyze the lessons and the knowledge
of the students. We also want to design
lesson activities in which engineering
students can learn by means of com-
puters as a learning tool more scien-
tific problems. The experiences are very
promising and we like to investigate the
use of simulations and computer based
laboratory work in relation with “re-
source lessons” in mathematics and sci-
ence.

In the conclusion it is necessary to
notice that unique possibility of crea-
tion of high-grade uniform environment
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of remote training of students in high
schools is organized educational process
on the basis of dynamic level realiza-
tion of settlement educational projects
with access possibility to the information
through local and global networks and
using of small resources of information
in forms of cellular telephones, smart
phones and communicators.
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Did you know that the distance between
the atoms of sausage five times greater
than the distance between the atoms

of paper money. Therefore, the price
of sausage must be five times
smaller than yours!
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