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Applying information technologies while studying
“Numerical Methods and Computer Simulation” section
of the “Computer Science and ICT” Middle School Prgram

The main objectives of the study of the subject rfpater Science and
ICT” in secondary educational institutions are shgphe students’ information
system approach to the analysis of the world, dnendtion of skills of informa-
tion and communication technologies for solving liroblems, the formation of
skills to carry out a computational experiment tloe discovery of new proper-
ties of the object. The solution to these probl&srgibject to the introduction of
the section “Numerical Methods and Computer Sinnétin the training mate-
rial content line “Modeling and formalization” ora&ic and core stages of the
continuous study of computer science.

The objective of the proposed section is to buikystematic form of a stu-
dents’ concept of the approximate (numerical) meshéor solving practical
problems, computer simulation methods, sourcegrofeand methods for as-
sessing the accuracy of results.

On the examples of solving practical problems sttelgarticipate in all
steps of a computer simulation study from modelechain formulation of the
problem and to interpret the results obtained thinocomputer simulation. Cur-
rently, there are effective PC software packagesdionerical problem solution.
However, understanding the feasibility of impleniegttheoretical ideas in
a software product is an integral part of schoolcation.

Let us outline some specific tasks in this section:

1. Students’ general development and worldview cuiiive Course content
and the methods of implementation of this contemtqgum a developmental
function. The students are to continue using thenptder simulation as
a cognitive method.

2. Promoting professional orientation for studentsplementation of this
course helps to identify those students who arniat to research activities,
computational experiment, project work.

3. Developing and professionalizing computer skillheTstudents are to im-
plement the numerical solution algorithm on the patar, to display the re-
sults in a clear, accessible way; to carry out antjtative simulation of
a numerical solution, using the selected softwait@ich contributes to the
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more complete study of computer software capadslitand when assessing
the accuracy — the computer's capabilities ascalleabr.

Program section “Numerical Methods and Computeru&ition”, a sum-
mary of those proposed in section [Nikolaeva 2008¢ are now developing
separate methods of presenting the individual sopfahe program section. For
example, methods for studying the topics “Approxinanethods for solving
equations with one variable” and “Approximate methdor calculating the
areas of curvilinear trapezoids” were tested athihgic stage of the continuous
study of Computer Science.

Let us consider some examples of ICT use whileyitigd“Approximate
methods for solving equations with one variable”.

Example 1. Consider the separation of real rooth®fequatiorx — cosx =
0 graphically.

A. We present this equation to the formxy) € h ), we havex = cosx.
Construct a graph matches the functignsx andy = cosx (Fig. 1). During the
interval [a; b], which is the only root of the equation- cosx = 0, we take the
interval [0.5, 1.5].

Fig. 1.

B. Verify the correctness of the choice of [0.5,]1iB which there is only
one real root of the equatior+ cosx = O:

a) Check the continuity of the functidrfx) = x — cosx on the interval [0.5,
1.5]. The functiorf (x) = x — cosx is continuous on a numerical interval [0.5,
1.5] (the algebraic sum of continuous functigrsx, y = cosx);

b) Verify the monotony of the functidn(x) = x — cosx on the interval [0.5,
1.5]. The functiorf (X) = x — cosx is monotonically increasing in this segment, as
f'(x) =1 + sinx; 1 + sinx> 0 for allx([0.5, 1.5];

¢) Check the sign df(x) = x — cosx at the ends of the interval [0.5, 1.5], we
find the values of the functidn(x) = x — cosx at the end of the test interval:
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f (05)=05-c0s05=-0.378<0

— f (05)f (L5) <0
f (L5) = 15-cosl.5=1429>0

The functionf (X) = x — cosx at the ends of the interval [0.5, 1.5] takes val-
ues of different signs.

On the interval [0.5, 1.5] is continuous, monotoand takes on the ends of
the interval values of different signs, therefavéhin the interval [0.5, 1.5] con-
tains the real root of the equativr cosx = 0, and this root only.

C. The arguments A and B can be illustrated usiegctiarting functiory =
f (X) and determine the roots of the equafi@x) = 0 via Mathcad system.

y(x) = x - cos(x) 57 — v(x) := 1 + sin(x)

/" x==5,-49.5

root(y), 1, 0.5 1.5 =074

-5 0 5
wot{3{x), x, -10,10)= -2 + 2k k=0,+1,+2,

Fig. 2. Fig. 3.

a) The graph of (x) = x — cosx on the interval [-6, 6 ] (Fig. 2 ) can be used
for: illustration of continuity off (X) on this interval; highlight segments
monotonicity off (X); determine the sign of the functiérfx) at the ends of the
segments monotony; Branch segments within whichetigonly one real root
of the equatiox — cosx = 0.

b) Using the graph of the functign(x) = 1 + sinx (Fig. 3), wherep (X) =f
'(X), we can determine the intervals of constant figrction ¢ (X), compare
these intervals with intervals of monotonicity farda functionf (X).

To separate the real roots of the equafigx) = O, the students are to use
computer models programmed in the selected langUétey are to carry out
a computational experiment, and to conclude thatrdiability of the software
real root separation depends on the nature ofuhetibny =f (), as well as on
the number of partitions of the study area to aeitee this function inta parts.
Using Mathcad, the students are to confirm thelt®si computational experi-
ments.

In studying the topic “Approximate methods for oty equations with one
variable”, we propose to use MS Excel at the stafegparation and clarifica-
tion of the real equation root.

Example 2. Clarifying the root of the equatib(x) = O by bisection of the
interval by way of using VBA.
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Let us input the results of the left end of theestld segmenta-in cell Al,
and the results of the right end of the selectéshial —b — in cell B1. Cell D1
will then store the precision value of the root. ilWlhe program runs, column A
will record the computed values of the left endlef segment — and the column
B will record the computed values of the right efidhe segment b. Column
C will record the calculated values©f a + (b —a) / 2, and the cell E (i) — the
approximate value of the root of the equation witburacy (Fig. 4).

A | B | C | D | E
05 15 1 00001
05 1 075
05 075 065

0625 075 05875

06875 075 071875

| 071875 075 0734375

| 0734375 075 0742188

| 0734375 0742188 0738281

07382681 0742188 0740234

10| 0738281 0740234 0739258

11 0738281 0739258 073877

12| 073877 0739258 0739014

13| 0739014 0739258 0739136

14| 0739014 0739136 0,739136

Fig. 4.

W0~ MO = W=

VBA code to clarify the roots of the equation f &P by bisection of the in-
terval
Sub Koren_uravneniya ()
a = InputBox (“Enter the left end of the segmetitiput function”)
b = InputBox (“Enter the right end of the segmefitiput function”)
e = InputBox (“Enter the value of precision”, “ingunction”)
i =1: Cells (i, 1) = a: Cells (i, 2) = b: Rangd(”). Value = e
Do While Abs (Cells (i, 1) — Cells (i, 2)) > 2 * Rge ("D1"). Value
Cells (i, 3) = Cells (i, 1) + (Cells (i, 2) — Cells 1)) / 2
If f (Cells (i, 3)) = 0 Then Exit Do
If f (Cells (i, 1) * Cells (i, 3)) <0 Then
Cells (i + 1, 2) = Cells (i, 3): Cells (i + 1, 1)Gells (i, 1)
Else
Cells (i+1,1) =Cells (i, 3): Cells (i + 1, 2)Gells (i, 2)
End If
i=i+1
Loop
If f (Cells (i, 3)) =0 Then
Cells (i, 5) = Cells (i, 3)

416



Else
Cells (i,5)=Cells(i—1,1) +(Cells(i—1)2Cells (i—1,1))/ 2
End If
MsgBox (“The value of the root” & Cells (i, 5))
MsgBox (“Accuracy” & Range (“D1”). Value)
End Sub
Function f (x As Single) As Single
f=x-Cos (x)
End Function

As a result of studying the section “Numerical Meth and Computer
Simulation” student must learn to support the c@€ a numerical method of
solving the problem, they also must have a comnandn algorithm of the
method used. In the study of educational matenidhis section, students have
the opportunity to conduct an experiment using @ogNing systems, spread-
sheets, Mathcad mathematical design system andaih®uter software, select
the appropriate options, analyze dependencies,cpredtcomes, to conduct
a graphical interpretation of the results. Thistdbates to a deeper understand-
ing of the essence of numerical methods and tmaatical value and teaches the
rational use of software, as well as shows theestisdnew ways of solving prob-
lems.
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Abstract

The article describes the experience of using inédion technologies in the
study section “Numerical Methods and Computer Samoh” in the subject
“Informatics and ICT” primary school. The aims aabjectives of the study
material in this section on basic and core stajesmtinuous study of computer
science. Consider some examples of the use ofniafioon technology in the
study of educational material theme “Approximatethods for solving equa-
tions with one variable”. To illustrate the resufshe research function=f (x)
for solving the equatio (X) = 0, and examples of opportunities for Mathcad
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charting and determine the roots of the equatiansiiiered VBA code refine-
ment root of the equatidn(x) = 0 by bisection of the interval for the tablegr
essor MS Excel. The article summarized the regiiltesting some educational
material section “Numerical Methods and Computenuation” in the schools
of the city of Vladimir. In the study of educatidmaaterial in this section, stu-
dents have the opportunity to conduct an experimesiig a computer pro-
gramming systems, spreadsheets, mathematical cerrguided design Mathcad
and other computer software, select the appropdat®ns, analyze dependen-
cies, predict outcomes, to conduct a graphicalpnétation of the results. This
contributes to a deeper understanding of the esseinoumerical methods and
their practical value, focuses on the clever useahputer software applica-
tions, and enriches the students’ new ways of sglproblems.
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