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Abstract

This study examined using Excel spreadsheets to teach statistics elements in a school mathematics course.
Compared to other software packages, the advantages of using Excel in school mathematics have been
determined. Basic information about Excel was shown, and information was given about its current use in
teaching statistics. The school mathematics course determined the kind of statistical calculations that can be
made. Statistics have a special place in school mathematics. It is covered in the mathematics textbooks of
grades 5-11 of the general education school. In grades 5-6, they are given subtopics as an introduction to
statistics; in grades 7-11, they are considered a separate section. The issue of digital technologies in teaching
statistics is often discussed in textbooks. The digital tool MS Excel is used in mathematics textbooks for the
7th grade, 8th grade, and 11th grade of general education schools in the Republic of Kazakhstan to make
statistical reports. 11th grade in elementary schools of algebra and analysis in the subject: main and sample
sets, basic statistical means (sample mean, arithmetic mean, median, mode), discrete and interval frequency
tables, statistical diagrams (frequency polygon, histogram), and discrete get acquainted with the concepts of
guantitative characteristics of the selection of random variables. In this article, we have given tasks and
instructions for making calculations using the Excel spreadsheet for the topics mentioned in the 11th-grade
Algebra and Analysis Beginnings textbook. It has been shown that all statistical reports at the school level can
be produced using Excel. MS Excel was used to create a frequency table, calculate fundamental statistical
mean values, and create a frequency polygon, and a histogram was shown with concrete examples.

Keywords: school mathematics, elements of statistics, MS Excel, digital program.
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Anoamna

Byn 3eprreyne MmexkTenm MaTeMaTHKa KypChIHAA CTaTUCTHKA 3J€MEHTTEpiH okbiTyna Excel kectemik
MPOIIECCOPBIH KOJIJIaHY JKaFIaiibl KapacThIpbUIIBL. backa mporpaMMalbIK MakeTTepMeH canbicTeiprana Excel
MPOTPaMMANIBIK ~ KACaKTaMaChIHBIH ~ MEKTENl MaTeMaTHKachlHAa TMalJanaHylblH  apTHIKIIBUILIKTaPhI
anbIKTanAbl. Excel xaiiipl HErisri aKmapatr KepCeTilil, Kasipri yaKbITTa OHBIH CTaTUCTHKA 3JIEMEHTTEPiH
OKBITY/Ia TaliAaIaHblIyhl Typasibl aKnapar Oepiaai. MekTen MaTeMaTHKa KypChlHAa CTaTUCTHKAHBIH KaHJai
€CernTepiH IIBIFapyFa OOJATHIHBI AHBIKTAIJBL. MEKTEel MaTeMaTHKACBhIH/IA CTATUCTHKAHBIH alaThblH OPHBI
epekmte. On >xammel OimiM  OepeTiH MekTenTiH S5-11 CBHIHBINTApBIHBIH MaTeMaTUKa OKYJIBIKTapPBIHBIH
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OpKalCBICBIH/IAa KAMTBUIFaH. 5-6-ChIHBINTApa ONap CTATUCTHKAFa Kipicre peTiHAe ilIKi TaKbIPBIITap PeTiHAe
Oepince, 7-11 ceiHBINTApaa JKEeKe Tapay peTiHzae KapacTelpbuiaasl. OKyJIBIKTapAa CTATUCTUKAHBI OKBITYIAFbI
TUQPIABIK TEXHOJOTHsIIap Maceneci xkui aiitbuiansl. MS Excel mudpnbik kypansr Kazakcran Pecryomuikackt
XKanmnel OimiM OepeTiH MEKTEeNTepHiH 7-ChIHBIN, 8-CHIHBIN >KoHE |1-ChIHBIOBIHA apHaJFaH MaTeMaTHKa
OKYJIBIKTapBIHA CTATHCTUKAIBIK €CeTITeP/Ii IIbIFapyaa Koiaanboiansl. JKamms! OiiM GepeTiH MeKTenTepine
11-cemapm anrebpa koHe aHaM3 OacTaMasapbl MOHIHAE: OacCTHI KOHE TaHIAIBIM JKHBIHTBIKTApbIH, HETI3T1
CTaTUCTUKAIBIK OpTa MOHAEP (TaHJAIBIM KYJIalibl, apu(MEeTHKaIBIK OpTa, MeAHaHa, MOJIa), TUCKPETTI KoHe
MHTEPBAIABIK JKAUTIK KECTeNepi, CTAaTUCTUKAIBIK AuarpamMMmanap (KUiTIK ITOJHTOHBI, THCTOTpaMMa) >KOHE
TUCKPETTI KEe3MeHCOK MaManap TaHAaJbIMBIHBIH CaHABIK CHIIaTTaMalaphbl TYCiHIKTEepiMeH TaHbIcambl. Ochl
Makanambiza 11-celHbI anredpa jkoHe aHan3 OacTaMmaiapbl OKYNBIFBIHAA aTalnfaH TakelpeinTapra Excel
KeCTeJliK MPOLECCOPBIH MaiiIaaHbIll, ecenTep LIbIFapyFa TarncekpMaap KoHe HyCKayibIKTap oepaik. Mekren
NeHTeHiHAeT] CTaTUCTUKAIBIK ecenTepIiH OapibireiH Excel kemeriMeH msirapyra 601aThIHBI KopceTingi. MS
Excel xeMeriMeH XWilliK KECTECiH KypyFa, HETi3Ti CTATHCTUKAIBIK OpPTa MOHJICPAl ecemnTeyre, »KHUiTIKTep
MOJIMTOHBIH JKOHE TUCTOTPaMMAaChIH KypyFa HaKThl MbICAIAapPMEH KOPCETiIi.
TyiiiH ce3aep: MEKTEIl MaTeMaTHKAChI, CTaTHCTUKA dIeMeHTTepi, MS Excel, mndpieik 6armapirama.
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ArHomayus

B sTOM HccneioBaHnN U3ydanoch NCTIONb30BaHHE AIEKTPOHHOM Tabmuiel Excel mpu 00ydennn snemMeHTam
CTaTUCTUKH B IIKOJIBHOM Kypce MaTeMaTHKH. OnpeaeneHsl NpeuMyIiecTBa HCIonb30BaHus mporpamMm Excel
B UIKOJbHOM MaTeMaTHKE IO CPAaBHEHHIO C APYIMMH IaKkeTaMd mporpamMm. bpuia mokazaHa OCHOBHas
nHpopmanus o6 Excel u mana mHpopMamust o ero TEKylleM HCIONb30BaHHU B OOYYEHUHM CTaTUCTHKE. B
HIKOJBHOM Kypce MaTeMaTHKH OBUIO OTNpENeNieHO, KAKHE CTATHCTUYECKUE PacdeThl MOKHO MPOU3BOJIHTS.
Cratuctuka 3aHMMaeT 0co00e MEeCTO B IIKOJIHHONW MareMaTuke. EW TOCBAIIEH KaXKIBIH M3 Y4eOHUKOB
MaTeMaTHKH Juist 5-11 kmaccoB o011eo0pa3oBaTeIbHOM MIKOJIBL. B 5-6 Kj1accax OHU Jal0TCS KakK MOJITEMbI KakK
BBEJICHHE B CTATHCTHUKY, a B 7-11 Kilaccax paccMaTpuBaIOTCs Kak OTIENbHBIN paszzien. Bompoc o mudpoBsix
TEXHOJIOTHSIX B OOYYEHHHM CTaTUCTHKE 4acTo obOcyxkpaercss B yueOHHMkax. MS Excel mcmombsyercs kax
nU(pPOBOM MHCTPYMEHT B Y4eOHMKAxX 10 MaTeMaTHuke aisi 7, 8 u 11 kimaccoB o0meo0pa3oBaTeIbHBIX HIKOJ
Pecny6nku Kazaxcran npu penieHun CTaTHCTHIECKUX 3a1a4. B 00meoOpa3zoBarenbHbIX mKoiax B 11 kiiacce
0 IpeAMETY anredpa U Havyajo aHaIn3a MPOXOAST TEMBIL: TJIaBHbIE U BEIOOPOYHBIE COBOKYITHOCTH, OCHOBHBIE
CTaTUCTUYECKUE CPEACTBa (BRIOOPOUYHOE cpelHee, cpeaHee apu(pmMeTnieckoe, MeIuana, MoJia), JUCKPETHbIE
W WHTEpBaJbHBIE TaOJWIBI YaCTOT, CTATHCTUYECKHE JUarpaMMbl (TIOJUTOH YacTOT, TUCTOTPaMMa) |
JTUCKPETHBIN mpreM. O3HAKOMSTCS C IOHATUSAMH O KOJIMYECTBEHHBIX XapaKTEPHUCTHKAX BHIOOPKH CIyYaiHbIX
BeIMYMH. B 3TOi craThe Mbl Jaiyl 33JaHUsl U WHCTPYKLUH IO MPOBEACHHUIO PACUE€TOB C HCIIOJIb30BAHUEM
ANIeKTPOHHOH Tabmuipl Excel mo Temam, ynoMsHyTeIM B yueOHUKe «AJredpa u Hayanmo aHanwzay i 11
knacca. IlouyTm Bce cTaTHCTHYECKHME pacueThl IIKOJIBHOM MporpaMMbl MOTYT OBITH COCTAaBJIEHBI C
ucnons3oBanreM Excel. Mcnons3zoBanue MS Excel mis cosmanust TaGuuIbsl 4acToT, pacdeTa OCHOBHBIX
CTaTUCTUYECKUX CPEIHUX 3HAUYEHHH, MMOCTPOCHMS MOJMIOHA YaCTOT M THCTOrpaMMbl OBIJIO IOKa3aHO Ha
KOHKPETHBIX MTPUMepax.

KiroueBble ci10Ba: NIKOJIBHAS MaTeMaTHKA, JJIEMEHTHI cTatucTuku, MS Excel, udposas nporpamma.

Main provisions

Statistics is a branch of mathematics that describes the general problems of collecting, measuring,
and analyzing quantitative or qualitative data. Thanks to these data, it is possible to analyze the
activities and work of any economic sector. In the current development of society, interest in statistics
as a science and its widespread use in practical activities has grown significantly.
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Introduction

Statistical data can give a clear picture of the current state of production and economy. Thanks to
this, any deviations or inconsistencies can be detected, several corrective measures can be taken in
time, and the situation can be significantly improved [1].

As the importance of statistics increased, the demand for statisticians increased. Also, in today's
society, everyone should be competent in statistics because statistical data (average, median, mode,
etc.) can be found in every activity of everyday life. This means that the teaching of statistics has
become an actual issue in the field of education, that is, in the methodology of teaching mathematics.

Using digital technologies in teaching statistics is advisable because applied statistical analyses
are performed on large amounts of data. When performing statistical analysis of big data on paper,
you can face problems such as data confusion and calculation duration. Digital technologies can solve
such a gap in statistics education. Excel is the most widely used statistical software package in
production. The issue of using digital technologies such as Excel in teaching statistics has not been
fully explored, and collecting information on this issue is becoming urgent.

Research methodology

The purpose of the study is to review the use of the Excel program in teaching statistics in school
mathematics courses and determine its differences from other software packages [2].

Research methods: theoretical review, comparison, induction.

The study's objectives are to determine the use of digital technologies in teaching statistics
elements in a general education school and the extent to which teachers master them.

Hypotheses

H1: enables students to use knowledge through digital technologies effectively;

H2: helps students to be sociable;

H3: Helps students make quick and correct decisions [3].

Results of the study

Literature review. MS Excel. Excel, the leading spreadsheet program, is a vital tool for
professionals across various fields [4]. Business people, scientists, accountants, and journalists rely
on its versatile capabilities. They use it to manage lists, create catalogs and tables, generate financial
and statistical reports, analyze survey data and trade enterprise status, process scientific experiment
results, and prepare presentation materials. Excel can calculate sums across table columns and rows,
calculate percentages, and calculate the arithmetic mean, bank rate, or variance. The Excel software
package has many financial, mathematical, logical, and statistical standard functions [5].

In the Excel spreadsheet, you can change the design of the cells in different ways. As in powerful
word processors, Excel can change fonts, letters' color, background, etc., and functions. In addition,
it allows you to create graphs and charts and insert pictures into the table. The Excel software package
can perform about 400 standard functions of mathematical, logical, accounting, and statistical
functions. Therefore, using Excel to teach mathematics is very effective and provides many
opportunities for the subject teacher. In the process of teaching mathematics, Excel can be used to
study many topics: solving equations; solve the system of equations; function study; draw a graph of
the function; solving statistical problems.

Comparison of Excel with other statistical software packages. In addition to the Excel table
processor, powerful software packages, such as Minitab, STATISTICA, COMSOL, Matlab, and
SPSS Statistics, generate statistical reports (https://www.minitab.com/).

Using the Minitab software package, you can visualize, analyze, and compare data to implement
business tasks (https://www.statistica.com/en). The program offers all the possibilities for creating
reports, has many tools for statistical analysis, and allows you to format tables and graphs
conveniently for a report or a scientific article. The Minitab package includes a large selection of
statistical tools. The program will be helpful for specialists in various fields of activity. For example,
accountants, financiers, and analysts use large data sets for analysis, macros for process automation,
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and graphical elements for reports. This program is often used during scientific research among
teachers, students, and research workers in higher educational institutions.

StatSoft manufacturer STATISTICA is known for creating robust programs for statistical and
graphic analysis (https://www.statistica.com/en/). This software package's set of tools allows
prediction and data mining. This program enables users to create applications, install integrations,
and organize Internet access. The user can customize the STATISTICA interface according to their
tasks and needs. The analysis process proceeds interactively by gradually opening dialog windows.
The first tab always contains the most used functions, while the others contain specialized methods
and functions. Therefore, it will be convenient for both beginners and advanced users. The graphics
block contains a set of tools for visualization and graphic design. You have over 10,000 graph types
to edit, interactively rotate, zoom, and control transparency. The main advantages of the
STATISTICA package are its high speed and accuracy of calculations. All calculations are fast,
although applications are massive and database requests are frequent. The program uses proprietary
performance improvement technologies. Initially, StatSoft products were designed with maximum
optimization in mind when working with complex predictive models. In STATISTICA programs,
you can perform exploratory data analysis, determine correlation, create scatter diagrams, calculate
the T-criterion, create frequency tables, and create themes. The program also allows you to define
probability distributions in an interactive calculator. The programs are intended for both private and
corporate users.

COMSOL software products are tools for creating numerical models in various design fields
(https://www.comsol.com/). COMSOL Multiphysics is a universal platform used in production,
scientific research, and engineering. This software environment allows us to analyze physical
processes and manage models and applications. The program has tools for creating geometric models,
assigning properties to materials, and visualizing the final modeling project. All developed models
are stored in the database. The COMSOL software package has extension modules. COMSOL
Multiphysics includes core functionality such as model creation, application development, and model
management. You can group geometric models into patterns by creating geometric models. The
appendix contains interfaces for forming characteristics of models based on mathematical equations.
The COMSOL component is also an application development environment based on computational
models.

Matrix Laboratory, or Matlab for short, is a set of tools for programming, mathematical
calculations, and computer modeling (https://www.mathworks.com/). With the help of this software,
data processing is carried out quickly and qualitatively. Matlab products are represented as functions
or scripts. Modeling for data analysis allows the use of matrices, linear equations, and vectors. The
program has a built-in graph gallery for monitoring patterns. All graphical visualizations can be
annotated, and graphs can be manipulated. The application allows you to perform tasks of various
levels, from executing simple interactive commands to building large-scale programs. Differential
equations, partial derivatives, and linear and non-linear equations can be created.

IBM SPSS Statistics is a software package for complex statistical analysis, planning, and business
accounting (https://www.ibm.com/products/spss-statistics) [6]. SPSS Statistics has a convenient user
interface that does not require programming. There are various management functions, statistical
commands, and reporting tools. All IBM SPSS products are integrated into a single system, so
switching from one program to another will not be difficult. Built-in Modules increase analytical
capabilities. IBM SPSS works on all operating systems — Windows, MacOS, Linux, Android, and
i10S. Often, this software is used in medicine, marketing, government, and educational institutions.
The software package includes a metadata dictionary, which makes it easier to work with the
documentation. With SPSS, you can measure frequencies, correlations, regressions, and other
statistical products.

Most of the powerful statistical software packages are industrial. There is no specific statistical
software product aimed at education. However, the teacher can use the abovementioned programs to
teach statistics depending on his skills. Besides these, Excel spreadsheets have several advantages.
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Almost all statistical calculations in other software products can be performed in Excel [7]. Students
are familiar with the Excel spreadsheet as it is a component of Microsoft Office. Excel is accessible,
and its interface is intuitive. In many works, Excel has been used in mathematics courses in higher
educational institutions and schools [8].

MS Excel in teaching elements of statistics. The Excel digital tool can be a powerful learning tool
for elementary and middle school students. Excel provides concrete ways to explore abstract concepts
in math and other subjects. This program contains various formulas that can be used in teaching
mathematics. In addition to using ready-made formulas, students can create formulas to work with
quantities. This paper proposes the use of MS Excel in the teaching and learning of statistics in
secondary schools. This document demonstrates the ability of MS Excel to teach almost all high
school statistics topics. Using Microsoft Excel, you can generate the following types of statistical
elements in a school mathematics course: Creating diagrams and tables; Calculation of central
tendency values (mode, median, arithmetic mean, geometric mean); Construction of frequency range
and polygon; Creating a graphic image of a random variable; Calculation of variance and standard
deviation. Because Microsoft Windows is the standard operating system in many countries
worldwide, most teachers already own Microsoft Office, including Excel. Thus, when using the Excel
software package, an important criterion should be that it is widely available. Despite these
advantages, some scholars recommend the appropriate use of Excel in teaching statistics for several
reasons. For example, they consider some Excel functions complicated, inappropriate, or
inaccurate [9]. For example, in the general education schools of the Republic of Kazakhstan, students
of the 11th grade, within the subject of beginning algebra and analysis, pass the chapter on basic
concepts of mathematical statistics. In this chapter, the main and sample sets, the main statistical
average values (sample interval, arithmetic mean, median, mode), discrete and interval frequency
tables, statistical diagrams (frequency polygon, histogram), and numerical characteristics of discrete
random variables are introduced in the chapter. The 11th-grade Algebra and Analysis Beginnings
textbook has tasks and instructions for calculating these topics using the Excel spreadsheet [10, 11].
The following report is given in the textbook. The number of grains in a wheat ear obtained from a
field without fertilizer application is given.

Based on these data, create a frequency table, calculate the slope, mode, median, and arithmetic
mean, and create a frequency polygon and a histogram. First, we enter the data into a table (Figure 1)
and create a frequency table (Figure 2).
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Figure 1. Entering data into an Excel spreadsheet

When creating a frequency table, you need functions to count and find the maximum and minimum
values. Fundamental statistical mean values can be calculated using standard functions or formulas
(Figure 2). To create a polygon of frequencies, we select a table of frequencies and draw a graph
(Figure 3). To create a histogram, you must determine the number and length of intervals. After
deciding these, we determine the frequency of each interval. Then, select intervals and frequencies
and create a histogram (Figure 4).
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15 Frequency table of the number of grains in a wheat ear obtained from an unfertilized field
16 X 2 3 4 5 6 7 8 9

17 n 2 11 19 29 51 25 12 1 z 150
18 'w, % 1,3 7,3 12,7 19,3 34 16,7 8 0,7 z 100
19

20

21 Basic statistical characteristics

22 Min 2

23 Max 9

24 Change 7

25 AVG 5,627

26 Mode 6

27 Median 6

Figure 2. Calculation of the table of frequencies and basic statistical values using Excel
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* Figure 3. Building a frequency polygon using Excel
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Figure 4. Building a histogram using Excel

Discussion

Within the framework of the study, basic information about Excel was provided. Details on using
the Excel table processor in teaching statistics elements in the school mathematics course were
presented. The advantages of using Excel over other statistical software packages have been
identified. Most statistical software packages are not intended for educational use. Because of its
popularity, accessibility, and simplicity, Excel helps teach statistics. Excel is used to teach statistics
in school mathematics courses in many countries. It has been shown that all statistical problems at
the school level can be solved using Excel.
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An example of creating a frequency table, calculating fundamental statistical mean values, and
creating a frequency polygon and histogram was shown using MS Excel. This study will help
mathematics teachers teach the elements of statistics.

Conclusion

This work showed that the Excel software package can teach statistics elements in school
mathematics courses. Researchers agree that using Excel spreadsheets to teach statistics elements
helps students learn the subject easily. MS Excel has advantages over other digital tools in that it is
affordable and relatively easy to use. The importance of using digital technologies such as Excel to
teach the elements of statistics in school mathematics has been revealed.
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