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Introduction: the paper considers the topical problem of teaching students — future engineers — by
computational methods of mathematics. The focus is on developing students necessary professional
competencies. Competencies are described in accordance with the Russian Federal State Educational Standard
and the international standard by the European Association for Engineering Education SEFI. In order for
students to thoroughly study the subject and have a strong professional competence, it is proposed to use
a computer-based tutor. The aim of this research is to develop the special methodology of creating the
computer-based tutors for teaching mathematical and engineering disciplines to students of technical
specialties within the framework of a competence-oriented approach, to compare the effectiveness of
classical teaching computational methods by using manual calculations, and training with the involvement
of computer-based tutors. The advantages of computer-based tutors were proved in this paper.

Materials and Methods: the basis of the research was methods of system analysis and descriptive and
analytical methods, primarily experimental. To identify advantages of the proposed approach the methods
of empirical research were used (observation and comparison). To prove the efficiency, classical methods
of measurement were used.

Results: based on the competence approach, a methodology of creating a computer tutor has been developed.
It covers most the professional competencies that need to be studied. Also, students are guaranteed to receive
the necessary competencies in the right sequence. The research showed that the use of specially designed
software, such as Computer-based tutors, in the process of mathematical methods studying connected with
the computational procedures allows us to achieve: on the one hand, deep digestion by students (as in using
manual calculations), on the other hand to accelerate learning process and increase students motivation.
As aresult of pedagogical experiment on the use the computer-based tutors the progress in studies has been
recorded: the percentage of positive ratings increased from 65 to 88 %. Also, the motivation of students to
study mathematics was increased by 12 percent on average.

Discussion and Conclusions: the methodology of creation and use of computer-based tutors has high
practical significance and allows increasing the effectiveness of teaching mathematics within the competence
approach for students of technical specialties. The use of the interactive computer-based tutors focused on
mastering professional competencies, is effective for studying mathematical and engineering disciplines by
students of technical universities. In particular, a positive effect has been achieved with the introduction of
computer-based tutors in the educational process of Kazan National Research Technical University named
after A. N. Tupolev-KAI, Kazan, Russia (the University is aimed at training engineers-designers for aerospace
industry), Saarland Technical University, Saarbrucken, Germany (the University is focused on training IT
engineers), and a number of other Russian and foreign technical universities.
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OCOBEHHOCTHU NNPOEKTUPOBAHUA
KOMIIBIOTEPHBIX ITPOI'PAMM-TBIOTEPOB
JJsA OBYYEHUA YUCJIEHHBIM METOAAM

MATEMATHUKHU bYAYIIUX UHXEHEPOB

C. B. Hosurogea'", C. A. Cocnoécxkuir?, P. P. Axuna’,
H. JI. Banumosa', 3. III. Kpemneea'
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yuugepcumem um. A. H. Tynonesa-KAU», e. Kazanwv, Poccus,
" sweta72@bk.ru
2 Hemeyxuil HayuHblll YyeHmp no UCKYCCMEEHHOMY UHMELLEKNY,
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BBegenme: aHamm3upyeTcs akTyalbHas mpoOieMa oOydeHHsS CTYAEHTOB — OyAyIIMX HHXEHEPOB
BBIYHMCIINTEIbHBIM METOIaM MaTeMaTHKH. Lleb craThi — cpaBHEHHE 3G GEKTHBHOCTH KJIACCHYECKNUX METOIMK
00yueHHs BBIYHCIUTEIBHBIM METOJAM C HMCIIOJIb30BAaHHEM PYYHOIrO cueTa OOy4YeHHs C MpHUBJICYECHUEM
MIPOrPaMM-THIOTEPOB U JOKA3aTeIbCTBO MPEUMYIIECTBA MTOCIEHETO.

MaTepuaJjibl ¥ MeTOJAbI: OCHOBY HCCJEJOBAHUS COCTaBHIIM METOABI CUCTEMHOIO aHalM3a, a TaKXe
onucaTelbHbIe U AaHATUTUYECKUE METOBI. J{JIsI BBISBICHHS IPEUMYIIECTB IPEAIaraeéMoro B CTaThe Mojaxoaa
HCIOIH30BAHBI METOIBI SMINPHUIECKOTO HCCISIOBAHNS — HAOMIONCHUS U CPAaBHEHUS, a JJIs TOKA3aTeNIbCTBA
3 (HEKTUBHOCTH — KIACCHUECKUE METObI H3MEPEHHUS.

Pe3yabTaThl Hec/IeIOBAHUSI: OCHOBBIBASsICH Ha KOMIIETEHTHOCTHOM TIO/IX0/I€, aBTOPBI pa3paboTaiy METOAUKY
CO3JaHUsI KOMIIBIOTEPHOH IporpaMMbI-ThioTepa. OHa OXBAaTHIBAET OOIBIIMHCTBO MPO(ECCHOHATBHBIX
KOMIIETEHIINH, KOTOPbIE CTYACHTbI JOJDKHBI ITOJYYUTh B IpoLecce o0ydeHus. Pe3ynbraThl Hegaroruyeckoro
SKCIIEpUMEHTA MCIOJb30BaHUI B yuyeOHOM mpolecce KOMIBIOTEPHBIX MPOTrpaMM-THIOTEpPOB
MIPOJEMOHCTPHUPOBAIH IOBBIIICHHE CPEIHEro 0ara yCcIeBaeMOCTH: KOIMYECTBO CTYAEHTOB, YCHEIIHO
CHABIINX 3K3aMeH, yBenu4yuiaach ¢ 65 1o 88 %. Taxxke B cpenneM Ha 12 % Bo3pocia MOTHBALIUSA CTY[CHTOB
K M3yYEHHUIO MaTeMaTHKH.

OO6cy:kaeHne M 3aKIIOYEHHs: pa3padOTaHHAS METOAMKA CO3JAaHUS M HCIOIb30BAHMUS KOMIIBIOTEPHBIX
THIOTEPOB HMMEET BHICOKYIO IPAKTHYECKYO 3HAYUMOCTD H [TO3BOJISCT CTYACHTAM TEXHHUECKUX CIIELMAIbHOCTEH
NOBBICUTH () (EKTUBHOCTH 00yUeHHs] MaTeMaTHKe B PaMKax KOMIIETEHTHOCTHOTO mojxona. [Ipumenenune
HHTEPAKTUBHBIX KOMITBIOTEPHBEIX THIOTEPOB, OPUEHTHPOBAHHBIX HAa OBJIAJIEHHE MPO(ECCHOHAIBHBIMU
KOMIIETCHIUAMH, P OEKTUBHO MPU U3YYEHUH MaTEMAaTHYCCKUX M HHKCHEPHBIX AMCIUIIIMH JUIS CTYJCHTOB
TEXHHMYECKUX BBICHINX Y4eOHBIX 3aBeieHUH. B 4acTHOCTH, MOJNydYEH MOJOKUTENbHBIH 3 dekT mpu
BHE/IPCHUU KOMIIBIOTEPHBIX THIOTEPOB B yUeOHEIH nporiecc Ka3zanckoro HalimoHaIBHOTO HCCIIEI0BATEIbCKOTO
TexHuueckoro ynupepcutera uM. A. H. Tymonea-KAW (By3 HampaBieH Ha MOATOTOBKY HMHXEHEPOB-
KOHCTPYKTOPOB aBHAI[MIOHHO-KOCMHYeCcKoi oTpaciiu), Texunueckoro yunsepcurera Caapiana (OpHEHTHPOBaH
Ha noarotoBKy I T-nHkeHepoB) U psija IPYrUX POCCHICKUX U 3apyOeKHBIX TEXHUIECKUX BY30B.

Kniouesvie crosa: mpodeccruoHanbHas KOMIETEHIINS; BEIYHCIUTEIbHBIN METO/T; KOMIIBIOTEPHAs TporpaMma-
TBIOTEP; BEIYNCICHNE BPYTIHYIO; KOMIBIOTEpHOE 00ydeHHE

Hna yumuposanusi: OcoOEHHOCTH NMPOEKTHPOBAHUS KOMIBIOTEPHBIX MPOTPaMM-TBIOTEPOB IS 00ydeHUs
YUCJICHHBIM MeToJaM MaTeMaTuku Oynyuinx makeHepos / C. B. HoBuxosa [u np.] // UaTeTpamus obpaso-
Banus. 2017. T. 21, Ne 2. C. 322-343. DOI: 10.15507/1991-9468.087.021.201702.322-343

Introduction In particular, in the study of mathema-

Nowdays, in Russia, all educational pro-
grams of higher professional education are
developed in accordance with the Bologna
process, designed to bring together the edu-
cation system in Europe, Russia and other
participating countries [1]. Monitoring of
practical knowledge and skills is carried
out with competence building approach.
The degree of mastering each competency
is assessed according to the point-rating
system [2].

THEORY AND TRAINING AND EDUCATION TECHNIQUE

tics and related engineering disciplines, the
emphasis is on professional competencies,
such as (for example FSES 09.03.04) PC-13:
willingness to use the methods and study
tools objects of professional activity GPC-1:
control the basic concepts, principles,
theories and facts related to computer sci-
ence, etc.

In Europe, the list and content of the
competencies for technical and engineering
professions regulated by the European
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Society for Engineering Education, known
as “SEFI standard”. If we compare Russian
ones with SEFI Standards, so we can say
SEFI Standards are very specific and allow
unambiguous quantification of the level of
each competence achievement. Therefore,
the study and the transfer of such useful
experience, as SEFI-standards in Russia
are highly relevant [3].

The current problem importance of mo-
dern higher technical education, therefore,
is to develop ways to increase the level of
learning competencies across mathematical
disciplines and at the same time minimizing
the subjective evaluation component. So, the
using computer based training software (spe-
cial software, training, and simultaneously
assessing the level of acquired skills) is
a good answer to solve this problem.

The aim of this study is to develop the
methodology and practical implementa-
tion of specialized computer programs,
so-called “computer-based tutors”. The
tutors are aimed to students mastering the
professional competencies specified in
educational standards. Additionally, the
paper explores the benefits provided by
computer-based tutors in comparison with
traditional methods of teaching mathemati-
cal disciplines.

Literature Review

Kazan National Research Technical Uni-
versity trains specialists in the field of aero-
nautical engineering. Numerical methods are
an essential part of mathematics education in
the Kazan National Research Technical Uni-
versity. In particular, the numerical methods
are needed for students studying the design
of aircraft engines [4; 5], fuselages [6; 7]
optimization problems [8], for aircraft flight
control tasks [9] etc. In opinion of many
students the study of mathematics is the
most difficult part of learning [10].

Now days, many university professors
are disputing about whether the using com-
puters is effective in numerical methods
studying. Some of them insist that com-
puter calculations can reduce time and
improve calculations accuracy, while other
believe that only classical computations
(i.e. manual calculations) allow students
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to thoroughly understand the calculation
algorithm. The last statement, however,
largely depends on the teacher’s personality
and the level of understanding of his ex-
planation for the students [11].

The years of the Optimization Methods
and Decision Making Theory teaching in
the Kazan National Research Technical
University named after A. N. Tupolev-KAI
enabled us to compare the different learning
approaches [12—14]. It also helped to reveal
the strongest points of each one.

The mastering specific knowledge,
skills and abilities task gained additional
impetus by introduction competence ap-
proach into educational process and de-
manded new solutions. To the fore the
criterion of depth of assimilation of each
competence. The main point for the prac-
tical blocks of mathematical disciplines
is skills (operational and informational
components), SEFI international stand-
ards to the levels of development level-1
(Level 1 comprises the knowledge and skills
which are necessary in order to underpin
the general Engineering Science that is as-
sumed to be essential for most engineering
graduates. Items of basic knowledge will
be linked together and simple illustrative
examples will be used) and level-2 (Level 2
comprises specialist or advanced knowledge
and skills which are considered essential
for individual engineering disciplines. Sy-
noptic elements will link together items of
knowledge and the use of simple illustrative
examples from real-life engineering).

As a result, so-called “computer-based
tutor” has been defined as the most ef-
fective method of learning. It is a kind
of algorithmic calculator that has a user-
friendly interface executing step by step
a studied algorithm and computational
errors detection in parallel. The idea of
intelligent computer programs, partially
or completely replacing human teachers
has been developing in Russia [15-17]
and other countries [18-20] for a long
time. However, in Europe, researchers
made significant progress in their practical
development and application in the edu-
cational process. For example, in German
Research Center for Artificial Intelligence
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(Saarbriicken, Germany), MathBridge
system, a special intelligent environment
has been created for developing e-learning
mathematical courses, which enables to
create interactive multi-level step-by-step
exercises for fundamental mathematical
disciplines [21; 22]. This system is success-
fully applied at the Technological Univer-
sity of Tampere (Tampere, Finland) [23],
the University of Saarland (Saarbruecken,
Germany) [24], Lyon University Claude
Bernard 1 (Lyon, France) [25]. Also at the
Claude Bernard University, the computer
tutors with embedded objects GeoGebra
are used for teaching the so-called “bridge-
courses”, which facilitate mastering higher
mathematics for first-year students.

Materials and Methods

In order to find the best solutions for
the implementation of educational prac-
tices within the competence approach, it is
necessary to take into account not only the
completeness and depth of the theoretical
knowledge obtained, but also the practical
aspects, that is, the skills for mastering the
professional engineering competencies.
That is the reason why the system analysis
methods of modern domestic and foreign
pedagogical practice have been used in
this study.

The data of pedagogical experiments
on the introduction of computer-based tu-
tors into the training process for engineers
collected under the international project
TEMPUS-MetaMath (Tempus Project No.
543851-TEMPUS-1-2013-1-DE-TEM-
PUS-JPCR) have been analyzed. The au-
thor’s computer-based tutor has been de-
veloped and introduced into the educational
process. Based on empirical observations,
its strengths and weaknesses have been
revealed. As a result of the comparative
analysis, it has been revealed that the devel-
oped approach provides the best conditions
for mastering professional competencies
in comparison with traditional methods.
On the basis of the Rating system of meas-
urements, a quantitative evaluation of the
measure of this advantage has been obtained,
which resulted in an increase in the percent-
age of successful students.

THEORY AND TRAINING AND EDUCATION TECHNIQUE

Results

Based on the competence approach,
the methodology of creating a computer
tutors has been developed. The target
component of the methodology is to in-
crease the effectiveness of the professional
skills mastering for engineering students.
Requirements of employers to the training
quality of future engineers are the source
for this methodology. The main content
principle is the principle of practical training
orientation. From a technological point
of view, the methodology for creating
a computer-based tutor is based on the
following principles:

The computer-based tutor does not
make calculations automatically and it does
not replace a researcher. It does not work
like “press the button and you will receive
aresult”. Most points of computer studying
opponents are just based on the assertion
that the program “does everything instead
of student”. It is the disadvantage that
computer-based tutor doesn’t have. This
feature provides cognitive and operational
component of professional competence in
Russian educational standards or compe-
tencies to level-1 standards SEFI.

The computer-based tutor has a multi-
layer structure [26].

The first layer interacts with a student
(let’s call it the interactive layer). It imple-
ments a sequence of algorithm’s operations
and performs the simplest arithmetic opera-
tions requesting the key information from
a student. The layer provides development
of methodological, operational and infor-
mational components, and corresponds to
level-2 standard SEFI. It is the lack of the
simplest routine calculations in studying
that inclines the manual calculations op-
ponents to use computer-based tutors.

The second layer implements the basic
calculations (let’s call it the operational
layer). It makes all calculations completely
and it is used to control a student. The in-
ner results of the operational layer are not
available to a student. Despite the fact that
the layer does not provide assimilation of
competencies, it is very important as an
objective verification the mastering degree
of competencies. The application of com-
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petence approach becomes meaningless input data and implementing operations.
without an objective assessment. Also, the interface provides information
The operational layer of the computer- about mistakes that have been made. This
based tutor performs all calculations in  function is necessary to assess the com-
one stage and it keeps the key calculation petencies mastering level and as an in-
results and each step operations in a special ~ formational component of professional
storage facility for follow-up control of competence.
student’s actions. The evaluation component of the metho-
The interactive tutor’s layer works dology consists in the ability of the com-
by step-by-step manner according to al- puter tutor to independently adequate esti-
gorithm’s stages. At every step a student mation of the received skills of students on
answer (input data) is checked wherein  the basis of point and rating system.
standard response is retrieved from internal The methodology covers most the pro-
storage. Going to the next step is possible  fessional competencies that need to be
only if the current step is learnt success- studied. Also, students are guaranteed to
fully. This feature provides operational and  receive the necessary competencies in the
information component of professional right sequence.
competence in Russian educational stand- Thus, competence-based scheme of
ards or competence level-2 SEFI standards.  operation of a particular computer tutor to
The computer-based tutor has a friendly  study computational potential method can
interface to monitor progress solution, be represented in the following way:

For Russian Competence system:

TTIK-14 K-a p| IIK-14.0-c N TIK-14.M-b » TIK-14.H-e —p| IIK-14.0-d

For SEFI standard competences:

Y
Level-2-c o| Level-l-a o Level-1-b N Level-2-e ul Level-2-d o Level-2-f
The functioning of a computer based The contents of the components:
tutors in the process of mastering professional 1. Cognitive (C):
competencies. a) build mathematical models for typical
As example, let’s consider a computer- application tasks.
based tutor for UV-method. It is used for 2. Methodical (M):
solving the Classic Transportation Problem b) apply effectively the techniques of
(CTP) [27]. finding solutions to research problems.
According to the educational program 3. Operational (O):
(curriculum) of discipline, the following c) apply the classification to determine
competences must be mastered in the pro- the optimal methods of solution;
cess of studying this unit: d) use effectively a ready-made software
PC(ITK-14): to justify design decisions, packages to solve applied problems.
to carry out the formulation and execution 4. Informational (I):
of experiments to test their correctness and e) apply existing methods of solution for
effectiveness. problems of different classes.
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SEFI European competences for this
section of the course are:

Level-1:

a) apply the functions to a practical
problem;

b) represent a system of linear equations
in matrix form.

Level-2

c¢) recognise a linear programming prob-
lem in words and formulate it mathematically;

d) understand the concept of duality and be
able to formulate the dual to a given problem;

e) convert a linear programming problem
into a simplex table;

f) use the dual problem to solve a mini-
misation problem.

The sequence of the training program units
is dictated by the sequence of the development
of appropriate competencies. “The Classical
transportation problem” competences should
be mastered in the following sequence:

For Russian system of competences

* PC-14.C-a (IIK-14.K-a)

* PC-14.0-c (TTK-14.0-c)

* PC-14.M-b (TITK-14.M-b)

* PC-14.1-e (IIK-14.U-e)

* PC-14.0-¢ (IIK-14.0-d)

For SEFI competences

1) Level-2-c

2) Level-1-a

3) Level-1-b

4) Level-2-¢

5) Level-2-d

6) Level-2-f

It is important to keep this sequence in
the design of the computer based tutors

to prevent any lag or skipping necessary
competences, however, avoiding the
premature flow of the material, when
mastered level doesn’t allow the student
to proceed to the next stage.

Let’s consider how these competences
are learnt while using a computer based
tutor. This tutor teaches numerical iterative
method, so the sequence of competences
learning can (and in this case should)
contain cycles that do not contradict the
principle of sequence mastering.

The algorithm for the UV-method includes
both calculating steps (scope of delivery
calculation and so on) and positioning tasks to
define which cell is to modify or which cells
must be chosen for solving task. Also, the
algorithm has graphical steps such as defining
the nodes and arcs of loops. Therefore, the
computer-based tutor is able to demonstrate
the advantages of suggested approach.

Let’s consider the steps of computer-
based tutor to understand how the tutor works

Step 1. Data Input. (The interactive
layer is functioning).

The applying competences :

For Russian Competence system:

* [IK-14.K-a

For SEFI standard competences:

* Level-2-c

* Level-1-a

* Level-1-b

An example of tutor functioning:

To begin the program the executable file

“KT3.exe” must be run. Then the tutor re-

quires to assign the dimension of CTP (Fig. 1).

' Pemenwe KT3 meTogom noTe HuHanoe E@E|

Penwcrem KT3 menodom nomexijianos:

JaganTe pasmepHocTb KT3:

Moarespaure

Fig. 1. Input of CTP’s dimension
P uc. 1. Oxno 3amanus pazmeproctu KT3

According to the input dimension, the
tutor requires to input the transportation

THEORY AND TRAINING AND EDUCATION TECHNIQUE

tableau with amount of shipping for each
cell (Fig. 2, 3).
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T Pewe nwe HT3 we Toaom noTe vunanos

Pafio4as o6nacTb:

emoanente b AAHHBMY Sl capiaHinoe!

Beegute Bawn AaHHbIe B paBoYyI0 0BNACTE: M sseae

EEX

1 2 3 1 ai

alw e -

g

HavanoHepe OaHHLe:

TekyLpe ONOPHLE NNSHH W NOTEHUMANL

Fig. 2. Ablank window for input
P u c. 2. Ilycroe 0KHO BBO/IAa JAHHBIX O IEPEBO3KAX

E=] Pewetine KT3 METOA0M NOTEHLNAN0B

3anonHenue madnuysl OaHHLIMU BAUILX 8aPUAHMO8!

BeenuTe BalIM OaHHbIE B paBoHylo 0BnacTh:

Patovad oBnacTe

~=1olx|

Tpiasre navweie

ai
150
110
100
90

—an o =
FGIGEIEIL

i
- % W e aw

oo W =

HavanoHee gaHHbe

Tekylune 0NopHEIR MNaHE M N0 TeHLMan:!

Fig. 3. The data have been input
P u c. 3. JlaHHBIE 0 TepeBO3KaX BBEACHBI

Solution verification starts when data
are input. According to the UV-method
the transportation problem has solution
only if the condition of balance is satisfied.
In other words, there is an equality between
output and consumption. A student has to
check the balance in advance. If output
and consumption are not balanced, so
a student has to do some additional op-
erations before solving the problem. The
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tutor checks the balance. If input data
are not balanced then the error message
appears (Fig. 4).

So, it is impossible to continue solving
the problem. The student has to change
the data so they will be balanced. Then he
inputs new data again.

If the data are preprocessed in the right
way, then the computer-based tutor will
admit the student to the next steps (Fig. 5).

TEOPUA U METOJIMKA OBYYEHMA 1 BOCIITMTAHUA



i g. 4. The data have not been balanced
P u c. 4. Jlanusle He cOaTaHCHPOBAHBI

3
|4

' SE
4 5 8
120 50 190 9

Fig. 5. The input data are correct
P u c. 5. JlanHble BBeJEHBI IPABUIBLHO
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The advantages provided on the step 1
are the following.

* Dealing with a computer program is
far more comfortable for young people
today than making calculations manually
[28]. The students have feelings that per-
forming a task with the help of computer
is easier. [t motivates students and attract
interest.

* The computer-based tutor excludes
automatically the possibility of using
incorrect data in calculations. While you
are calculating manually the mistake
would be detected only in few steps later.
It is impossible to continue calculations
without correcting the error of the current
step. This condition exempts students
from unnecessary work in the future, and
at the same time it draws attention to the
mistake.

Step 2. The defining an initial Basic
Feasible Solution (BFS). The operational
and the interactive layers are functioning.
The applying competences:

For Russian Competence system:

* [IK-14.0-c

¢ [IK-14.M-b

For SEFI standard competences:

e Level-2-¢

e Level-2-d

An example of tutor functioning:

The operational layer makes calcula-
tions the values of amount of shipping in
the transportation tableau with the Least-
Cost Method [29]. The following internal
structures are created to store the results:

e interim results for each stage of the
Least-Cost Method;

* the accessory table of each cell to the
basis;

« the distributional table with calculated
amount of shipping.

The interactive layer suggests determin-
ing step by step the elements of the initial
BFS with the Least-Cost Method. Each
stage is divided into separate operations.
On each step, the validity of each operation
is controlled by comparing stored data with
student input data.

* The Stage 1 of defining an initial BFS
is the shipping amount calculation for the
pair of supplier-customer with the lowest
transportation cost.

Operation 1. To define minimum
transportation cost. In case the answer is
correct, the cell of the distributional table
with this value is rubricated (Fig. 6; 7). If
the answer is incorrect, the interactive layer
provides a message, and it is required to

O?.fpe"ﬂ?ﬂ'e’?f”&’ HAUATBH OO ONOPHOM O WTCTHOT

BeeguTe 3HaueHWE KNETKHM ¢ MMHMMANbBHOM CTOMMOCTBI) NepeBo3KK: o
Foroea
Pafovasa ofnacTe:
1 2 k] 4 ai
1 [ 7 4 o 150
2 [ 7 9 o 10
3 2 5 a o 100
4 4 5 il il 90
b 120 s0 190 TN
Hadansmsle naHHee: TekyLie ONOPHESS NNEHE W MOTEHLMaN:!:
{ 1 2 3 |4 Jai 1 2 |3 |a
1 [ 1 0 150 1
2 b 7 9 (] 110 2
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Fig. 6. The value entry of the minimum cost
P u c. 6. BBox 3HaueHUs MUHUMAaJIbHOH CTOMMOCTH C IPOBEPKOI
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M de v [ Jai
18 7 a4 oo
2 & 7 9 o 1o
3 2z s 3 0 100
4 4 5 8 0 90
b 1z0 so s [

1 2 3 4 ai
jr 4 0[50
2 s 7 3 0
3 2 5 3 0 m
4 [« 5 8 b =
bj [120 50 190 90

Onpenenetie HOM
OnpeneneHme ofibema Nepeeozkm

B )

Fig. 7. The cell for amount of shipping assignment
P uc. 7. Knerka mis Ha3HaueHUs1 00beMa IepeBO3KH

Operation 2. Determination of the
amount of shipping for the cell with
the minimum cost. If the value entry is
correct, so the interactive layer displays
a message about the right decision. It stores
the calculated volume from the inner table

of the operational layer to the dynamic
distribution table which is viewed at the
right bottom of the window (Fig. 8). In the
main distributional table the data is updated
in accordance with the intermediate calcula-
tions results of the operational layer (Fig. 9).

B

1 2 1 4 ai

1 8 7 4 0o 150

2 8 |7 & o |1

3 2 5 @ 0 |1

A4 4 5 0 0 90 e

bi 120 so 1s0 [T :
1 2 |3 |1 [a

O 7 4 0 1%

2 |6 7 9 o 10

3 |z s 3 o m

4 |4+ 5 8 0 ®m
120 50 190 %0

Fig. 8. Entry the maximum shipping amount
P u c. 8. BBox MakcMManbHO BO3MOXKHOTO 00beMa
MEePEeBO3KHU C IPOBEPKOIL
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T Pemerue HT3 bt T020M NGTE HUKANOE

Onpedererie 00beMa NepeeoIxl
Pafouan o6nacTs
Onpenenesws HOMN |
1 4 3 4 L1 |
1T & [F 4 ]
z & [T 3 "o
3 7 5 i mn
a 4 5 @ a0
vi 1z 5o o [
HaqanbHes OoHHEE: TekyWNE ONOPHEIE NN 1 NOT SHUMAE.
i [ [ [ | | = e e e |
[ T P P T | 1t 2 3 [a ] 1]
| 1 ¢ § (1} 180 | 1 9
|z s 0 e B
2 2z 5 [z o 3
4 « 5 B (1] € { 4
bi 120 S0 190 =0 |
|

Fig. 9. Updating the interactive layer’s tables
P u c. 9. OOHOBICHUE TAOIUI] HHTEPAKTUBHOTO CJIOS

If the student’s value entry is incorrect, initial BFS is built. Totally, student must
the operation is repeated. The steps of the implement the (m + nl) steps of the same
Least-Cost Method are repeated until the type (Fig. 10).

7 Pemenwe KT3 meToaom note Hupanos El@"z!
Onpedeneriie 00veMd Hepesosxil
Balm Ha4arneHble AaHHbe
1 2 3 4 ai
1 6 7 4 0 OnpeneneHre NoTeHuManos
2 & |7 |9 |o
i 2 & [3 |o
14 4 5 8 0
bi =
HauanbHele OaHHbIe: TeKyLME ONOPHEIS NNaHb! U NoTEeHUMANbI:
[ 1 1 [ [ 1 ] | Y
1 2 3 Ja Jai | 1 2 3 4 | |
1 7 4 0 |150 1 60 |90
2 s 72 9 o |10 2 10
3 |2 5 3 o 100 3 o
4 & 5 8 0 @ 4 oo 50 20
bj [120 50 190 90

F i g. 10. The initial BFS has been built
P u c. 10. OmopHBI M1aH TOCTPOCH

The advantages provided in Step 2 are * The computer-based tutor does not
the following: allow the student to deviate from the algo-
* The student reiterates homogeneous rithm, and it monitors the correct input at
computational procedures that help to drill  each operation. It allows practicing the abi-
the using the method skills into the students. lity of the method using for second-nature.

However, there is no risk of computational * The results of decisions are rendered in
error accumulation, which is very typical real time that gives a comprehensive picture
for manual calculations. of the calculations.
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Step 3. The dual variables calcula-
tion. (The operational and interactive
layers are functioning). The applying
competences:

For Russian Competence system:

* [IK-14.1-e

* [IK-14.0-d

For SEFI standard competences:

* Level-2-d

* Level-2-f

An example of tutor functioning:

The operational layer calculates the
dual variables [30] of lines U and columns
V of the transportation table. It is based
on the table of element signs belonging to
the set of the BFS. The table has been ob-
tained in the previous step. As well, the op-
erational layer uses the input data, i.e. the
cost of transportation between the points
of production and consumption. Based on
the calculated values of the dual variables,
the operational layer produces elementary
calculations to determine the opportunity
cost A,. Then, it calculates the integrated

logical criterion of optimality. As a result,
two dynamic data vectors, one matrix and
one logical value are generated:

« U, the vector of dual variables for rows;

e V, the vector of dual variables for
columns;

* A, the matrix of opportunity cost;

» the logical criterion of optimality.

The interactive layer provides a student
with the information in tables which is nec-
essary for the calculations. To make correct
calculations of dual variables, the student
has to be able to use the data obtained
on the previous step, and the input data
(Fig. 11). The student must fill in the column
u, and the row v, with the corresponding
values of dual variables. Besides computer-
based tutor does not hint what data should be
used for calculations and how it should be
used. After filling in the corresponding cells
of the transportation tableau by the obtained
values, the data validation is performed by
comparing the data from the internal vectors
U and V of the operational layer (Fig. 12).

T Pewenwe KT3 mevonom notenumanon EEX

OnpedeneHiie NOMEHHIATOR

3anonHuTe cTonGel, Ui M cTPoKY Vj:

Bawm HavanbHble OaHHbIE

Mpoepaime. e

vi

uj

T

& P o =
I AR )
C R R
alooal

bj =

HauansHele aaHHpe:

TekylWWe OnopHLe NAEHE M NOTeHUMATS!:

Iy oy oy =

= o w @ nfe
wo oo o|s
=
=

Lo

| |
[T I I T
B0 90
110

100
20 50 20

o[ | =

Fig. 11. The prepared data for calculating dual variables
P uc. 11. [TogroroBieHuble JaHHbBIE ISl PACYETOB MMOTEHLIMAIOB

If data filling is totally correct, the
student will be able to go to the next step.
Otherwise, the step has to be repeated.

The advantages provided in Step 3 are
the following:

THEORY AND TRAINING AND EDUCATION TECHNIQUE

e The student has only the necessary
data for calculation. All redundant data
remain hidden by the computer-based tutor.
On the other hand, the calculation process
at this step is quite intricate, and it requires
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a clear understanding the sequence of using
available data. Such selective approach

allows the student to focus only on the im-

portant aspects of the making calculations,
and avoid errors, and at the same time to
feel features independently.

¥’ Pewenne KT3 metosom noTeHupanos Elrgug]
OH})H@E.-‘?EHHE Hore Hifuiaines
SanonHKTe cTonGel, Ui M CTROKY Vj:
Mpoaapire MoTsuiame |
Ball HaYankHe NaHHbRe '
vi ] 1 4 ]
uj 1 2 3 4 ai
1] 1 6 7 4 ] = e S NOTENLY _..__}
5 |z & 7 |9 0
-2 3 2 5 3 ]
-4 4 4 5 B 0
bj
Hau4anbHbie DaHHwe: TeKyLLMe ONOPHERE NMNaHs W NOTEHUMaN::
1 2 3[4 Jai | [ O EO T
1 7 4 ] 150 1 B0 90
2 B 7 9 (] 110 2 1o
3 e 5 3 o oo 3 oo
4 q 5 g ] a0 4 20 50 20
bj 120 50 130 S0

Fig. 12. The entry values are ready to test
P u c. 12. BBegennsle 3Ha4€HUS TOTOBBI I IPOBEPKHU

e Control of calculation correctness does
not allow going to the next step without
mastering this one.

Step 4. Making decision if the re-
ceived BFS is optimal. (The interactive
layer is functioning).

For Russian Competence system:

* [IK-14.0-c

* [IK-14.M-b

For SEFI standard competences:
e Level-1-a

An example of tutor functioning:

The decision of optimality is based on
information about the signs of the oppor-
tunity cost matrix A elements. The student
is provided with the calculated the oppor-
tunity cost matrix A elements. A required
answer to the only question is if plan in
this case is optimal. The correctness of the
choice is determined by comparison the re-
sponse with the existing logical criteria of
optimum of the operational layer (Fig. 13).

It is a logical step. The wrong answer
does not entail a return to the beginning
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of calculations, but the total error count
increases.

Step 5. Determining the loop to im-
prove the basis. (The operational and the
interactive layer are functioning). Step
is positional and it does not require any
calculations. The applying competences:

For Russian Competence system:

* [IK-14.0-c

* [IK-14.M-b

For SEFI standard competences:

e Level-1-a

An example of tutor functioning:

Based on the values of opportunity cost
matrix elements and the distributional table
with the current basis, the operational layer
determines the coordinates of the table cells
within the loop. Using parity indication, the
operating layer determines a mark for each
selected cells. As a result, the following
arrays are created:

e The array which is the sequence of
loop cell coordinates;
* The array with loop cell marks.

TEOPUA U METOJIMKA OBYYEHMA 1 BOCIITMTAHUA
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T’ Pewenwe K13 M2 TOA0M NOTE HUMANOE

HPOUPW TIAHA HA QFIEMATBHOCTNG.
HenfeTcA N 6NOPHLIA NNaH oNTUMansHbIM?
Oa Her
3HausHWA OeNbT:
vi 01 1 0
1 2 3 4 i
4 -6 0 0
-1 1 0 5
0 2 3 2
0o 0 o0 4
HauantHee OaHHbe: Tekywme onopHoe NNaHb! K NOTEHLUMAI:!:
[ e | v o P Ja o [ ]
 EN P O EO ui [z |
I : R 0 | 60 90
2 |s 7 3 o 10 5 |2 110
3 Je 5 3 o w00 2 |3 |oo
4 |4 5 8 0 @ 4 |4 |20 s0 20
bi 120 50 130 90

F i g. 13. The interactive form of optimality validation
P u c. 13. nTepakTuBHas popma MPOBEPKH ONTUMATBHOCTH

The interactive layer provides the stu-
dent with the necessary data tables and
offers to mark out the cells of the loop with
the mouse. The cells allocated by the student
are encircled in red (Fig. 14). Allocation of
cells can be performed in any order. The
allocated cells are compared with the ar-

T Peme nue KT3 mevonom note nusanon

ray of cells’ coordinates of the loop of the
operational layer. In the case of correct indi-
cation of positions, the found loop is drawn
on the working form and the loop’s nodes
are automatically marked on the base of the
mark array of the operational layer. Then
the student goes to the next step (Fig. 15).

EEX
Tepexoo Kk mvuitemy onopHoMY 1IdHY.
BolgenuTe ocTanbHbe KNeTky, BXOOAUWME B LMKN:
Liecn sesenen
SBHaveHA DenbT:
vi 01 4 0
uj 1 2 3 4 ai
o 1 6 6 [o o
5 2 1 1 o |5
2 3 o - 3 2
4 4 0 0 0 4
bj
HauankbHee NaHHbe: TeryLLpe onopHbIE MASHE 1 NOTEHLMANE
] s o v fo i+ o [ |
1 2 3 [ [si | uj b2 I3 | [ |
1 7 4 0 150 0 |1 60 90
2 |6 7 9 o 10 5 |2 110
3 |2 5 3 o 1wo 2 3 |0
4 |4 5 B8 0 W 4 |4 |0 =0 2
bi 120 50 190 90

F i g. 14. The positional loop’s cell identification
P u c. 14. ITo3uunonHoe onpeiesieHre KJIETOK IIUKIIa
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F i g. 15. Visualizing the selected loop with notes
P u c. 15. Busyanu3zauus BbIJI€JIEHHOTO LUKJIA C TOMETKAaMHU

Otherwise you must specify the posi-
tion again.

The advantages provided in Step 5 are
the following:

* The step does not require calculations,
but presenting it as a separate stage of the
algorithm as a whole, the computer-based
tutor focuses the student on the importance
of this step.

* The visualization of the determining
positions of cell cycle process allows the
student to present the loop as a whole.
Incorrect indication of the position can be
determined by the visual level, without
recourse to the verification procedure.

* Checking the correct positioning does not
allow going to the next step without mastering
this. Incorrect definition of the cell cycle can
lead potentially to false-optimal results.

Step 6. Improving the initial BFS.
(Operational layer and Interactive layer are
functioning). The applying competences:

For Russian Competence system:

* [IK-14.1-¢

* [IK-14.0-d

For SEFI standard competences:

e Level-2-d

e Level-2-f

An example of tutor functioning:

The operational layer calculates the
correction the elements (value) of loop cell
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traffic volumes and adjusts the loop. As a
result, the following data are generated:

* The correction value;

* An improved BFS after the correction.

The interactive layer provides the stu-
dent with a window to enter the calculated
value of the offset. If the value has been
calculated correctly the interactive layer
adjusts the current basis on the active form
(Fig. 16).

When there is successful completion of
this step it will return to Step 2.

The advantages provided in Step 6 are
the following:

* The correctness calculation control
does not allow going to the next step without
mastering this one.

* The step algorithm reiteration and
simultaneous inability to perform further
error calculations allow students to learn
the algorithm thoroughly and only in its
correct implementation.

Step 7. Displaying the results of ma-
terial mastering. (The interactive layer is
functioning). This step represents a tool of
quantitative assessment of mastering level
competencies and it is necessary for the ad-
equate estimation of the received skills of stu-
dents on the basis of point and rating system.
The calculation can be performed for Russian
and European system of competencies.
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{ i Pewe e HT3 me To00M NoTe HUMANOR

Dnpeneneqvie HOM
OrpeasfeHne ofteMa repesoar
OnpefensHye NOTEHLMAN0E:
[poBepka onTIManEHoeTH
OnpeneneHye NepeEoi KNeETKM LMKNE
ChenyiollMe kITeTRN Wikna

OnpegeneHye TaTTH

F i g. 16. Inputting the correction value with checking
P uc. 16. BBox Benmn4nHBI KOPPEKINH C TPOBEPKOIT
An example of the operation of the of repeating the steps 2-6, the interactive
machine. Once an optimal plan (Fig. 17)is  layer shows overall statistics on the errors
obtained as a result of multiply sequences made in the calculations (Fig. 18).

2 TO/J0M NOTEHIHANDE

Onpenenerse HON
OnpeneReHve 06beMa NepeRoanu
MpEAENEHKE NOTEHLMAN0E

NEEDES DN TUMENoHOCTTI
SNEHWE MERBON KAETHM Lkna
e LS Hne T Lkna

Onpenensdue TeTTe

0 WM K TTyHLLEsY. N 0EHY

Fig. 17. The message about calculation completion
Puc. 17. CoobuieHne 0 3aBepLICHUH BEIYHCICHUIT
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F i g. 18. Information about the errors
P uc. 18. Unpopmanuus o 1omymeHHBIX onrnOKax

The pedagogical experiment on the
introduction of a computer tutor into the
educational process was implemented
at Applied Mathematics and Informatics
Department of Kazan National Research
Technical University named after A. N. Tu-
polev-KAI for 3 year students studying
on the Bachelor program “Applied Math-
ematics and Informatics”, “Informatics and
Computers”, and “Software engineering”.
The results were evaluated according to
two criteria:

* Improving the quality of training (on
the point and rating system)

* Increase the students motivation to study
mathematics (based on a special question-
naire by Lyon University Claude Bernard 1).

As aresult of using the computer-based
tutors in the training in computational opti-
mization methods and in Making Decision
Theory methods of technical universities
students, the progress in studies has been
recorded: the percentage of positive ratings
increased from 65 to 88 %. The interest
of students in mathematics increased by
12 percent on average. These results are
explained by the following benefits of the
computer-based tutors over the classical
method of manual calculations:
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1. Automatic exclusion errors in inter-
mediate calculations.

2. The multiple repetitions of routine
computational procedures without the
threat of the accumulation of errors.

3. The high-quality visualization of
solutions.

4. The automatic analysis of the solu-
tions (counting errors, identifying the most
serious errors, the most frequent errors, etc.).

Discussion and Conclusions

The method of computer-based tutors
creation and use is intended for applica-
tion in the educational process of techni-
cal universities when teaching students
mathematical and engineering disciplines.

The use of computer equipment allows
increasing the effectiveness of teaching
mathematics within the competence ap-
proach by:

1) a full accounting all required compe-
tencies in the construction of the software
blocks of the tutor;

2) a strict keeping the sequence of com-
petencies mastering and program units with
tasks for students;

3) objective quantitative assessment of
the competencies mastering level.

TEOPUA U METOJIMKA OBYYEHMA 1 BOCIITMTAHUA
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The results of this research can be ap-
plied to create both auditory and remote
computer mathematical courses on the ba-
sis of specialized e-learning systems (Math-
Bridge is the implementation on the base
of Saarland Technical University), multi-
functional e-learning systems (MOODLE
is the implementation on the base of Uni-
versity Claude Bernard Lyon 1), or as

in high-level programming languages.
The last version of the implementation is
used in the educational process at Applied
Mathematics and Informatics Department
of Kazan National Research Technical Uni-
versity named after A. N. Tupolev-KAI for
31 year students studying on the Bachelor
program “Applied Mathematics and Infor-
matics”, “Informatics and Computers™ and

independent e-learning units implemented “Software engineering”.
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