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FORMALIZATION OF TASKS GENERATION FOR COMPLEX
OF INTERACTIVE WEB-TESTS ON MATH

The approach to the formalization of the generation of problem situations applicable to the development of tu-
toring programs consisting of many tasks is considered. The main errors arising during the software-based
generation of parameters are specified. Mathematical modeling of parametrical generation algorithms exam-
ined by examples of tasks that make up complex tests on mathematics for secondary schools. The parametric
generation method proposed in the article allows getting the large quantitative variations in task problem situ-
ations. Thereby, every learner will get a personal unique set of tasks. The structure and functionality of web-
tests complex consisting of tasks generated via the proposed method are described. The subject of research in
the article is the process of computer training in mathematics. The goal is to develop a method for task genera-
tion for mathematical disciplines. Tasks. Research and analysis of the set of mathematical problems. Parame-
terization of each task and development method and algorithms for automated generation parameters with the
determination of incorrect combinations of parameters or problem situations that have no solution. Estimation
of borders of admissible for approximate answers. Evaluation of the user solution of a single task and a se-
quence of tasks. The general objective of the work is to make the software product consisting of a sequence of
mathematics tasks. The software should have an extended user interface for the graphical presentation of vari-
ous problem situations in various mathematical topics. The program must be accessible via the Internet. The
following results were obtained: developed methods and algorithms of task generation, which provide correct
problem situations and unique parameter sets for each user; described the program complex structure and de-
veloped the software system of mathematical web-tests provides two levels of difficulty. Conclusion. The scien-
tific novelty lies in the development of the method of task generation for interactive web tests on the mathemat-
ics and its computer implementation with the possibility of graphical representation of tasks and checking of
tasks correctness.
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The direction connected with the automatic gener-
ation of tasks completed by pupils is perspective science

Introduction

Computer tutoring programs on mathematics
(CTPM) as a tool of knowledge and abilities transfer-
ring from teacher to learner are in increasing demand in
the modern world. At the same time with the growth of
interest in them, requirements for CTMPs became more
severe.

During the evolution process, they have been turn-
ing from simple testing software and electronic text-
books to modern intelligent tutoring environ-
ments [1, 2]. This system can individualize learning by
individual student parameters adjustment [3]. Now a lot
of software tutoring systems are developed. Software
systems for mathematical tasks presentation use rela-
tionship schemas [4], flowcharts schemas, elements of
game behavior [6, 7].

Tutoring system developing by using artificial in-
telligence, system dynamics [8], probabilistic approach
[9, 10], and other methods. A lot of studies are dedicat-
ed to the effectiveness of intelligent tutoring environ-
ments and their benefits for teachers and stu-
dents [11, 12].

objective [13, 14]. During work on this, there is an offer
of some difficulties like requirement of task generation
with capability to check right pupil competence compo-
nents and acceptance requirement of tasks in terms of
pedagogues. The last one is frequently connected with
restrictions of calculations without the calculator,
uniqueness of the answer, integer answers reception,
etc.

This paper describes the experience of authors in
mathematical modeling of tasks generation or CTMP.
Models are received during work on two projects: the
website of interactive tests on the mathematician for
preparation to the external independent estimation of
graduates in comprehensive schools and complex inter-
active web-tests on the mathematician. For the last one,
the description is given.

Problem statement

Pre-analysis of tasks that are necessary for com-
puter realization has revealed the most widespread sit-
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uations which can lead to wrong system functionality.
Functional errors are an illegal generation of parameters
in the task, answer presence already in a problem situa-
tion (direct or indirect), the wrong estimation of correct
answer inputted in nonspecific for system form, and
many situations when right answer finding is an impos-
sible task. Let's call problem situations with such errors
of generation “incorrect” and without errors — “correct”.

Parameterization of each task is a specific feature
of work. Also, generated parameters must be without
such values which can provoke irrational value of an-
swer or value with a large number of signs after the dec-
imal separator. It is connected with the inhibition of
machine calculations during the completion of some
tasks by the user.

In some tasks input of the assessed answer is sup-
posed. In other words, the answer should be entered
approximately. Thus there was a problem to provide in
these tasks borders of admissible input for the right an-
swer. The problem of a choice of a maximum deviation
at answer input should be solved for each task.

The general objective of work is to make a pro-
gram product consisting of a sequence of tasks that can
be accessed through Internet. It is necessary to antici-
pate all adverse exceptions which can arise at a design
stage of software for each task.

In addition, one of the important problems is to
provide such generation of parameters values, when it is
convenient to show these values in visual interactive
form. Also, these values must be visually recognizable
by the user accurately or can be estimated qualitatively
or quantitatively (following task requirements).

To each task from the sample, the individual ap-
proach including the construction of a mathematical
model of the task according to its features has been ap-
plied.

Finally, we can specify the following subtasks,
which determine features of mathematical models con-
struction process for web-tests complex:

— task problem situations should be generated by
such method providing maximal similarity of computer
tasks to their real prototypes presented in «Key Stage 3»
papers [1];

— parameters should be generated automatically,
so each user receives the unique set of test tasks;

— generation of parameters values should lead to
forming only of correct tasks and task problem situa-
tions;

— during the generation of parameters values it is
necessary to consider whether calculator usage is al-
lowed for the user;

— mathematical formulation of tasks generation
must consider the possibility of their computer imple-
mentation;

— mathematical formulation of tasks generation

must consider such factors, as the possibility of answer
correctness check and estimation of it;

— in many tasks with wide GUI, mathematical
modeling must consider the capability of graphical rep-
resentation of values in problem situation of task.

Formalisation of tasks generation

For constructivism of the further statement we will
consider a technique of generation formalisation by the
concrete example.

Let’s consider a task with problem situation: «In a
survey, X people were asked “What kind of newspaper
did you buy today?”. Results are: morning newspaper
was bought by x; people, evening newspaper was

bought by x, people and x5 people bought no news-
paper. Complete the pie chart to show this information.
Pie chart already has one drawn sector in initial
state [1].» Let’s enter three additional values — a;, a,
and aj3. This values are equal to inner angles of pie
chart corresponding to each value of x;, x; and Xs.

The sum of sectors inner angles values must be equal to
360 degree because whole pie chart is a circle, so:

n

> a; =360(deg). €))
i-1

The number of people in each respondent’s catego-
ry sum must be equal to total number of respondents:

Xj = X. (2)
i=1

Also, following relations between this values must
be kept:

a _a _ _ap _860°

g X, X, X

k. 3)

Value n in equations (1), (2) and (3) is a number of
categories in the survey. Values of parameters a; must

be not null positive integers for providing convenient
user’s plotting of diagram sectors on application of
computer mouse. Values of parameters x, must be not
null positive integers too, as numbers of respondents.
Plotting of only one sector on the pie chart is suffi-
cient for checking of learner’s skills of diagram structur-
ing. Plotting of more than one sector leads checking the
same knowledge and abilities. So, we can use restriction
for problem situation with n=3. Let’s get mathematician
formulation for this situation. Solution of the task can be
simplified when some angles of sectors are equal. So, to
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avoid such situation we accept inequality a; <a, <ag
as true. Than we must select value of a;, less then
120deg and value of a, less than 180deg. Let’s desig-
nate rounding operation as [...], then:

Va, €{,...,119}, Va, e{a; +1,...,179},
az =360—a; —ay;

Va, <ag,

VX, € {1,...,ocl -1;

if |[X5]- X5 |<10-3, then X, =[x, ];

if |[ X3]- X3|<10-3, then x5 =[X3];

if X5 =[X, ]A X3 =[X3], then

S =(ay, a, az, Xy, Xo, Xz) — tuple of parame-
ters satisfied all conditions.

As a result of described method of generation, we
get all possible variants of parameters values when
problem situation is correct. Such variants should be
5573 for integer k and 11069 for any k.

Thereby parameterization provide sufficient in-
crement of task variants number. One of generation var-
jants when n=3, k=2, x1=71, x,=15, x3=94,

a,=142 deg, a, = 30 deg, x3=188 deg and X =180 are

showed on fig. 1. This variant was derived after pro-
gram generation based on described method.

Let’s consider another task example. Problem situ-
ation in a general form can be formulated:

«The diagram shows a triangle AXYZ (see fig. 2).
Side XY is of length k. yy -a+Kpxy -b, side XZ is of
length K xz -a+Kkpxz and side YZ is of length a. The
triangle AXYZ is isosceles with XY = XZ. The perime-
ter of the triangle is P. Find the values of a and b».
Mathematical formulation of task can be represented as:

Kaxy -a+Kpxy -b=Kaxz -a+kpxz b, 4

kaxy 'a+kaY ‘b= kaXZ ‘a+kbxz -b+a="P.

We can get following inequality from first equa-
tion in (4) system:

a _ kpxz —Kpxy 5)
b Kaxy —Kaxz

Let’s select a and b values from set of non-

negative integers. Coefficients in second member of

equation we select from integers. Let’s select values of a

and 6 from [2;20] interval and values of Kkyyy and

koxz from [-10;10] interval. Also it is necessary to take

into  account  restrictions  Kpyyxz #Kpxy ~— and

Kaxy # Kaxz required for solvable of task (first equali-

ty in (4) must be not identity). If we suppose that nu-
merators and denominators in first and second members

In a survey, 150 people were asked:

(What kind of newspaper did you buy toﬂay':)

Here are the results:

Type of newspaper Number of people

Morning newspaper 71

Evening newspaper 15

No newspaper 94

Complete the pie chart to show this
information.

Angle
&7

Note:

Roll your mouse pointer over the pie chart. When the result of your action will
satisfy you, click the left mouse button and your answer will be accepted.

Fig. 1. Test task on plotting of pie chart sectors
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5 The diagram shows a triangle

Side XY is of length +6b
Side XZ is of length 9a-30b
Side YZ is of length a

The triangle is isosceled , with XY = XZ
The penmeter of the triangle is 80

Find the values of aand b

Not drawn
accurately

Fig. 2. Test task on sides lengths of isosceles triangle calculation

of equation (5) are equal, generally equations for calcu-
lation of a and b can be offered as:

a=Kpxz —Kpxy
b = kaXY - kaXZ . (6)

No matter how strict it is, number of possible gen-
eration variants will be sufficiently great and generation
of a same parameters for two students in classroom
probability will be small (this will be proved lower).
Value of P can be calculated on second equation in sys-
tem (4), as all required values in this equation are
known. Using mathematical formulation, we can write:

Yo 6{2, ey 20}, kaXY e{—lO, ,10}, kaY y

Kpxz =a+Kpxy
Vb 6{2,..., 20},Vkaxz e{—lO,...,lO}, kaxz,

Kpxy =0 +Kpxz,
P =Kaxy -a+Kpxy -b+Kaxz-a+kpyz-b+a.

Computer simulation of such generation method
produces N = 144399 different variants of problem situ-
ations. Let us assume that complex of tasks is used by
100 learners in one classroom. Then it is possible to
calculate probability of situation when the same prob-
lem situation of task is generated at least on two com-
puters. This probability can be found as:

_(100-1) 99

P -
N 144399

~0.0006856. (7)

So, it is probability of 0.06 % for situation when at
least two learners get tasks which are generated identi-
cally. In number of tasks, generation isn’t complicated

by severe restrictions and relations between parameters.
Method of all answer components generation (calcula-
tion) along with partial method was used for these tasks.
For example, for task on fig. 3, in which it is required to
write missed numerals in numbers completing right
equality, only two summands are generated. Main re-
striction during generation is grounded on fact that re-
sult of sum must be three-digit number.

Such methods were used for generation of more
than 40 different tasks.

Description of web-tests complex

The user must install an internet browser support-
ing Silverlight movies on his computer for the usage of
web-complex. He must open the internet browser and
input the address [6] to start working. On the loaded
page, the user can select the difficulty level of tasks.

After level choice, the web browser loads page
consisting of a sequence of tasks in Silverlight movies
form. At the bottom part of this page, there is a func-
tional button for confirmation of the user’s answers'
correctness. When a user pushes this button, a page with
information about the results of the tasks passage must
be loaded. After viewing of results user can back to the
main page and try to pass test tasks again.

The structure of complex shown in fig. 4. On the
figure, the main pages are in complex structure marked
as paper pages with turned-in angles. Under pages,
blocks are rectangular blocks representing elements of
the user interface placed at corresponding pages. Rec-
tangular blocks with vertical lines on the left side pre-
sents program server modules responsible for genera-
tion, storing, and providing data corresponding to cli-
ents’ requests. Dashed relationship lines show possible
crossing between pages.
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—

~
LookK at the calculation below
Write the correct digits In the boxes

\ _J

Fig. 3. Test task on structuring of right equality

o

Page with

>

Page with

1 ¥
Maid pags tasks results
Information about ) ) A _
user input Movies with tasks —— Results in graphical
form
Difficulty level
sclection % f
Viewing of
information about Module of
modifications of paramctrical ’ Module of results
; generation of a storing
complex
statcments

Fig. 4. Complex structure

Solid relationship lines show the direction of data
exchange between structural elements of the complex.
The server side of the complex consists of program
modules and the client-side is an internet browser with
one of the complex pages opened.

Developed program complex of mathematical
web-tests consists of two main pages with movies con-
taining tasks (fig. 5) and dynamic page with a graphical
representation of task passage results.

The system provides two levels of difficulty (4th
and 8th levels). For each of them, its own set of
knowledge is formed.

Tasks are implemented as separate multimedia Sil-
verlight movies and are located descending on the page.
In many tasks besides text input from the keyboard,
there is a possibility to interactive input by mouse.

During this, the element’s image is changing in re-
sponse to user actions. This approach simplifies the un-
derstanding of some mathematical laws, presents them
in a good understanding visual form. For example, in
job scaling and drawing figures, these actions can be
performed by dragging the point of the manipulator and
watching the results on the screen.

It was developed movies with tasks on working
with diagrams, on figures scaling, on algebra, on statis-
tics, on working with a rectangular coordinate system,

on angles measurements, on the structuring of sequenc-
es, on geometry, on probability theory, and another.

Mode, when it is necessary to get a selection of
identical tasks for a group of learners, is provided. For
getting such selection user must input into the request
string an additional parameter named “testvar” with a
unique value for each selection. For this sample, it was
decided not to develop separate algorithms for generat-
ing each of the tasks, and expanding already existing for
the generation of jobs is arbitrary.

After clicking on the “End test” button internet
browser will be linked to the page with the results of the
tasks passage. The table with three columns showed on
this page. The first column contains cells with numbers
of tasks, the second one contains letters of tasks (usual-
ly, the task consists of a few sub-tasks marked by letters
a, b, ¢, and so on). The third column includes cells with
images indicating the correctness of the answer for the
associated task/subtask. If the answer is correct, there is
a green image in the cell and if the answer is wrong,
there is a white cross inside the red circle image in the
cell. In the left bottom corner of the page, the statistic
box is situated. Statistic box is a fixed positioning panel
with information about learner mark, percentage of right
answers and link to the main page. Learner mark is cal-
culated as a sum of marks for each task in the set, which



Information technologies in education and project management 145

) Cevel @ . Level & Results

- C 17 imeractive tests

Kornecipm vt $p Pexcuengyenner ca

(a) C moves so that tniangle ABC
15 Sl Isosceles.

Where could C have moved t0?

Drag and drop point C 10 it's new -
position and write the coordinates
of t into the following fields

Leveld Level & Resuts
€« C 1r Imeractive tests
Konsexign seé-$¢ Pexcuengytrnse ca
Task ID SubTask Result

Results @ O
: ®) Q
(c) [x]
(d Q
(a) v
2 (®) v
(c) v
3 v
(a) %]
4 (b) v
(c) [x]
. (a) v
5 (b) [x]
Your mark is n (e) Q
23.73% 6 o

» O- &
(e saxrazon
Yo
8
6 A 8
4

kir

T

Fig. 5. General view of web-tests complex

was proposed to the user on page with tasks. For each
task, the solution learner may get from one to five
points. So, it is the max number of points available for
the user inset. The percentage of correctness is calculat-
ed as the ratio of user points to total points available for
the set of tasks.

Conclusions and perspectives

During the analysis and mathematical modeling of
tasks selected for complex mathematical web-tests, have
been separated general parameters, which are included
in tasks. For the value of each parameter was deter-
mined special interval of generated values. This allows
developing such methods and algorithms of generation,
which provides correct problem situations. During this
development restrictions formulated in the problem
statement section of this paper must be satisfied. These

restrictions are the possibility of computer implementa-
tion, the possibility of checking of tasks' correctness,
and the possibility of graphical representation of tasks.

In the future, it is planned to integrate the math
web-tests system with other software tutoring products,
for example, the intelligent tutoring system for
SQL [15]. It is also planned to expand the functionality
by the implementation of dynamic bayesian nets mod-
els, which are successfully used for engineering skills
training [16].

For testing and errors made during modeling iden-
tification, prototypes of each task were implemented in
interactive Silverlight movies form. After debugging
these prototypes joined in a single complex meant for
learners testing (http://zno-kharkiv.org.ua/cimt/). This
complex is a part of the project completed for CIMT
(Centre for Innovation in Mathematics Teaching) at the
University of Plymouth, Great Britain.
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®OPMAJIIBAIIA TEHEPAILIL 3ABJIAHB JIJII KOMILJIEKCY
IHTEPAKTUBHUX BEB-TECTIB 3 MATEMATHUKHA

A. I'. Qyxpaiu, O. C. HAwuna, O. b. J/lewenko

PosrasiHyTo oamH 13 miaxodiB 10 dopMaiisallii reneparii mpoOJIeMHNX CUTYaIlili, 3aCTOCOBHUX IS PO3POOKHU
HaBYAJIbHHUX MPOTpaM, 10 CKIAJAA€ThCA 3 HU3KU 3aBaHb. Bka3aHO OCHOBHI MOMUJIKH, II[0 BUHUKAIOTH ITiJT Yac reHe-
pairii mapaMeTpiB Ha OCHOBI IIpOrpamMHOIo 3a0e3meueHHs . MaTeMaTHYHe MOJIEIIOBAHHS aJITOPUTMIB ITapaMETPUYHO-
TO MOKOJIIHHS JOCHIKYEThCS Ha MPHUKJIANax 3aBAaHb, 10 CKIaJal0Th KOMIUIEKC TECTIB 3 MaTEMATHKH JIJIS 3araJib-
HOOCBITHIX IIKiJI. 3alIpOTIOHOBAHUH y CTATTI METOJ IMapaMEeTPUYHOTO TeHEPYBaHHS JI03BOJIIE OTPUMATH BEJIMKI Ki-
JILKICHI Bapiamil cUTyamiii npo0OieMHoi 3amadi. TakuM YMHOM KOKE€H YY€Hb OTPUMAE 1HIUBIIyalbHUI YHIKAIbHUI
HaOip 3aBaaHb. ONMUCaHO CTPYKTYPY Ta (YHKIIIOHAIBHICTh KOMIICKCHOTO BEO-TECTYBAaHHS, IO CKJIAMAEThCS 13 3a-
BJIaHb, CTBOPEHHUX 3aIIPOIIOHOBAHUM MeTOJ0M. [IpemMeToM JOCHIIKEHHs Y CTATTI € MPOLleC HaBYaHHSI KOMIT F0Tepa
3 MaTeMaTHKu. MeTa-po3pooutu MeToa (OpMyBaHHS 3aBJIaHb 3 MaTEMAaTHYHUX JUCHUILIIH. 3aBaanHs. JlocaimpKkeH-
HS Ta aHaJli3 CYKYIMHOCTI MaTeMaTUYHUX 3aaad. [TapaMeTpusaliis KO)KHOTO 3aBJaHHS Ta PO3poOKa METOIY Ta ajiro-
PUTMIB Il TIapaMETPiB aBTOMATH30BAaHOI I'€Hepallii 3 BU3HAYCHHSIM HENMPaBUILHUX KOMOIHAIlIH mapameTpiB abo
npobiaeMHOI cuTyanii, ki He MaroTh pimeHHs. OLiHKa MeX IOIYCTUMOro Uid NpuOIM3HUX Bimmosimed. OriHka
BUPIIICHHS KOPUCTYBAaueM OKPEMOTO 3aBJaHHS Ta MOCIiJOBHOCTI 3aBJaHb. 3arajJlbHOK METOI POOOTH € CTBOPEHHS
MIPOrPAMHOTO MPOIYKTY, IO CKIAAAEThCS 3 TMOCTITOBHOCTI MaTeMaTHYHUX 3aBJaHb. [IporpamHe 3abe3meyeHHs Mmo-
BHHHO MaTH PO3IIUPEHUI KOPHCTYBATbHHUIBKHAN iHTEpQEic i rpadiqHOro MpeICcTaBICHHS Pi3HOMAHITHHX IPO-
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OJEMHMX CHTyaIliii 3 pI3HMX MaTeMaTH4HuXx TeMm. [Iporpama moBuHHA OyTH HOCTYIHOIO dYepe3 Iurepuer. bynn
OTpUMaHI Taki pe3yabTaTH: po3po0JEHO METOAM Ta AJITOPUTMH reHepanii 3aBIaHb, sKi 3a0e3eUyroTh IPaBWIbHI
npo0OaeMHI cuTyamil Ta YHIKaIbHHI HaOlp mapaMeTpiB I KO)KHOIO KOPHUCTYBada; OIKMCaB CKIAAHY CTPYKTYPY IIPO-
rpaM¥ Ta po3poOUB IIPOrpaMHy CHCTEMY MaTeMaTHUYHMX BeO-TECTIB, 110 3a0e3leuye aBa PiBHI ckiaagHoCTi. BucHo-
BOK. HaykoBa HOBHM3HA mojsirac y po3po0ii meroay (opMyBaHHS 3aBJAaHb I IHTEPAKTUBHUX BEO-TECTIB 3 MaTeMa-
TUKHU Ta HOTO KOMIT FOTEPHOI peaiailii 3 MOKJIMBICTIO Ipad)iqHOTO MPECTABICHHS 3aBIaHb Ta ICPEBIPKH MPABHIIb-
HOCTI BUKOHAHHS 3aB/IaHb.

Kiro4uoBi cjioBa: KOMIT FOTEpHI POTpaMy HABYAHHS, aTOPUTMHU (DOpPMyBaHHS 3aBIaHb; MaTEMAaTUIHE MOJIC-
JIFOBAHHS.

OOPMAJIM3ALINS TEHEPAIIMU 3AJTAY
JJISI KOMIIVIEKCA THTEPAKTHUBHBIX BEB-TECTOB 11O MATEMATHUKE

A. I'. Yyxpaii, O.C. Awuna, A. b. /lewjenxo

PaccmoTpeH oMH U3 MOAX0I0B K (opMalu3alii reHepanuy MpoOIeMHLIX CUTYALMi, TPUMEHUMEII [IPU pas-
paboTKe 00y4aroIIMX MPOrpaMM, COCTOSAINUX W3 PSAa 3aJaHMi. YKa3aHbl OCHOBHBIC OIIMOKH, BO3HHMKAIOIIHE MPH
MporpaMMHOM T'eHepallly IIapaMeTpoB. MaTeMaTHdecKoe MOJIEINPOBaHUE aJITOPUTMOB IIapaMeTPHUECKOM reHepa-
LMK HCCIIEAYETCS Ha IMpUMepax 3ajad, COCTABIIMIOIIMX KOMIUIEKC TECTOB II0 MaTeMaTHKE s 00IIeo0pa3oBaTeiIb-
HEBIX KOJI. IIpemaraeMelii B cTaThe METOJ IapaMeTPUUECKOM NeHepaldy MO3BOJISET [MoIydYaTh OOJLIINE KOJuYe-
CTBEHHbBIEC BapHalli{ ITOCTAHOBOK 3a1a4. TakuM 00pa3oM, KaK/Iblil YUYCHUK HMOIYIUT HHAUBUAYAIbHBIA YHHUKAIbHBII
Habop 3aganuii. Onucanel CTPYKTYypa U (QYHKIMOHAI KOMIUIEKCA BEO-TECTOB, COCTOSIIEIO U3 3a4a4, FeHEPUPYEMBIX
MPEUIOKEHHEIM MeTOAOM. IIpeaMeToOM UCCIEN0BAHMUS B CTATHE SBIISIETCS IIPOLIECC KOMILIOTEPHOIO O0yUYEHUs Ma-
temaTuke. Llenb - pa3paboTaTh METOAUKY F€HEpallly 3aJaHui 110 MaTeMaTHYECKUM AMCHUIUIMHAM. 3amanus. Mc-
cJeIOBAaHUE M aHAJIN3 MHOXKECTBA MaTeMaTHYeCKUX 3aaad. [lapameTpu3anys Kaka0# 3a1auu U pa3paboTKa METOZOB
M aJITOPUTMOB aBTOMATHYCCKOM I'eHepalny IapaMeTpOB C OIpeaelIiCHHEM HEBEPHBIX KOMOUHAIIUN MapaMeTPOB HIIH
MPOOJIEMHEIX CUTYyalMi, HE MMeIoNnX peuenns. OLEeHKa I'PaHMI] JOIMYCTUMBIX JUIsl IPUMEPHBIX OTBETOB. OIleHKa
pelleHus MOoJIb30BaTeIeM OTAEIBHON 3aJaul U MOCAcAOBaTeNbHOCTH 3agad. OOImas meib paboThl - CO34aTh IPO-
rpaMMHEII MPOAYKT, COCTOSIIMHA W3 ITOCJIEN0BATEILHOCTH MaTeMaTHYeCKMX 3azad. IIporpamMmmHoe oOecrieyeHHe
JIOJDKHO MMETh PACIIMPEHHBIN MOJIb30BaTeIbCKU HHTEP(hEHC s rpadMuecKoro npeacTaBIeHUss MHOXKECTBA P O-
OJIEMHBIX CUTYAIMii 110 pa3IMYHLEIM MaTeMaTHuecKuM TeMaM. IIporpaMma 1o/mKkHa ObITE AOCTYIIHA Yepe3 MHTepHeT.
Bruin mosydeHsl CIeAyIOIIUe pe3yibTaThl: pa3padOTaHbBl METOABI M alfOPUTMBI FeHepaluu 3afad, 00eclIeunBaio-
1€ KOPPEKTHEIEC NPOOJIEeMHBIC CUTYaIlMd U YHUKAIBHBINA HA0Op ImapaMeTpOB I Ka)KIOro MOJb30BaTells; OMMCaHa
CTPYKTYpa MPOrpaMMHOr0 KOMILIEKCA ¥ pa3padoTaHa MporpaMMHasi CHCTEMa MaTeMaTHYeCKUX BeO-TecToB, obecre-
YUBAOIIAs JBA YPOBHS CIOKHOCTH. 3akitoueHue. HayyHas HOBM3HA 3aK/II0YaeTCs B pa3pabOTKe METo/1a TeHEepaluu
3aJaHui T HHTEPAKTHBHBIX BEO-TECTOB IT0 MaTEMATHKE W €r0 KOMITBIOTEPHOH pean3aliiii ¢ BO3MOKHOCTBIO Tpa-
(huYecKoro MpeaCTaBICHUS 3aJaHUI U IPOBEPKH MPABUIBHOCTH 3aJaHU.

KaroueBple cji0Ba: KOMITBIOTEpHBIE 00YJAOMINE TPOTPaMMBI; allTOPUTMBI TEHEPAINH 33]]a9; MaTEeMaTHIECKOe
MOJICTUPOBaHUE.
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