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THE METHODOLOGY OF DATA VISUALIZATION BY MEANS OF
ANIMATED GRAPHICS INFORMATION TECHNOLOGY

Abstract. Charts offer a convenient visual representation of numerical values.
This allows the user to draw conclusions about the relationships between different
data series, identify trends in their change, and explore the structural properties of
the data series. Visual presentation of data is a means that helps improve the
perception of information, and its comprehensibility, allows you to quickly and
easily convey your thoughts and ideas to other people who are consumers of
information. Physiologically, the perception of visual information is more inherent
to humans than other senses' perception of different data types. This helps to increase
labor productivity in the data processing. The application of the MS Excel
spreadsheet processing system, which is used in most domestic educational
institutions on a legal basis, provides a powerful toolkit for data processing,
including their visualization. The growing amount of data to be analyzed gives rise
to the non-trivial task of graphically presenting it in an easy-to-understand form
since displaying all the data often leads to overloading of the diagram, confusion,
and, ultimately, incorrect conclusions. This requires using interactive charts that
allow to visualization of data in portions. The paper aims to investigate the
capabilities of MS Excel for the visualization of large data sets in an easy-to-
understand form and to offer a toolkit for the practical implementation of such
visualization. The main result of the study is the description of a tool for visualizing
large data sets by selecting the required range of data using form controls. The
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material presented in the article implements only one of the possible approaches to
using a spreadsheet processor in constructing animated diagrams. It does not require
special knowledge, in particular, of programming, and can be implemented in the
educational process. Examples of practical implementation of the proposed data
visualization approach accompany the material's presentation.

Keywords. Animated graphics, data sets, dynamic arrays, dynamic charts,
OFFSET function, form controls.
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METOA0JO0I'IA BI3YAJII3AI;IIT AAHUX 3ACOBAMH
IH®OPMAIINHOI TEXHOJIOI'TTI AHIMAIHINHOI I'PA®IKHA

AHoTtanisi. /[liarpamMu TpOMOHYIOTH 3py4YHE Bi3yalbHE MPEACTABICHHS
YUCIOBUX 3HadeHb. lle 03BOJIsi€E KOPUCTYBaueBI 3pOOMTH BHUCHOBOK IIOJO
B3a€EMO3B’SI3KIB MK PI3HHUMH CEpIIMH JaHUX, BUABJISTH TEHJICHINI B iX 3MiHI,
JOCJIIIKYBaTH CTPYKTYPHI BJIACTUBOCTI cepii naHuX. BizyanbHe MOaHHS JJaHUX €
3aco00M, SIKMH CHOpHsi€e MOKpaIIeHHIO CIPUUHATTSA iHdopMalii, il 3po3yMminocTi,
JI03BOJISIE TBUJIKO 1 3pO3YMUTIHN It COPUHHATTS GOpMi JOHECTH JI0 1HIIHUX 0Ci0,
K1 € criokuBayamMu iHQopMallii, BiacHi AyMKu Ta i71ei. Di31010r14HO, CIPURHATTA
Bi3yasibHO1 1H(MOpMaIi OUTbII TpPUTAMAHHWUM JUIsl JIIOMWHU B TOPIBHSHHI 31
CHOPUIHATTS IHILUX TUITIB AAHUX 1HIIMMH OpraHaMu uyTTs. L{e cripusie miiBUILEHHIO
IPOyKTUBHOCTI Tpalll PH OTMpaIOBaHHI JaHUX. 3aCTOCYBaHHS CUCTEMU 0OPOOKHU
eJIeKTpoHHUX Tabnuibs MS Excel, sika BUKOPUCTOBYETHCS B IEPEBAXKHIN KIIBKOCTI
BITUM3HAHHUX 3aKJaJiB OCBITH Ha JieTajbHIA OCHOBI, HAJa€ JOCHUTh MOTYXHUU
IHCTPYMEHTApPIH JJI ONPALIOBaHHA JaHUX, YTOMY YHCII iX Bi3yai3amli. 3pOCTaHHs
00CsTIB JaHUX, K1 MUSITal0Th aHalli3y, MOPOIKYIOTh HETPUBIAIbHE 3aBAaHHS iX
rpadiqHOTO MOAAHHS Y 3pYUHIN I CpUHHATTA HOPMIi, OCKUIBKH BiOOpaKEHHS
BCbOIO 00OCATY JaHUX 4YacTO MPU3BOAMUTH N0 MEPEBAHTAXKEHHs JAiarpamu, il
3aIIyTaHOCT1 1, 3pEmTOl, 10 HEeNpaBUIbHUX BHUCHOBKIB. lle 3ymoBmioe
BUKOPUCTAaHHS IHTEPAaKTUBHUX JlarpaM, sKl JO3BOJISIIOTH Bi3yali3yBaTu JaHl
nopiisiMiu. MeTor CTaTrTi € JOCHIDKEHHS MOJXJIHUBOCTI CHCTEMH OOpOOKH
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enexkTpoHHux Tabmuib MS Excel 3 Bizyauni3alili 3HaYHMX MAaCHUBIB JIAaHUX B 3py4HIN
JUTSL CIPUAHATTS (OopMi, 3alpPOTIOHYBATH IHCTPYMEHTApi MPAKTHYHOI peaizarlii
Takoi Bizyamnizaiii. OCHOBHUM pPe3yJIbTaTOM JOCIIIKEHHS € OMUC IHCTPYMEHTaPito
JUTSI Bi3yaJsizaiii BeJTMKUX MAaCHBIB JaHUX MIJISTXOM BHOOPY HEOOX1THOTO Jiarma3oHy
JAHUX 3a JIOMOMOIrOI0 €JeMEHTIB KepyBaHHA (opmu. IlpencraBnenuii B crarTi
Marepiajl peari3ye JUIIe OJJUH 3 MOKJIMBUX IT1IXO1B 10 3aCTOCYBaHHS TaOJIUYHOTO
npoiiecopa npu noOyJ 0Bl aHIMOBAaHMUX JiarpaM. BiH He BuMarae creriaibHUX
3HaHb, 30KpeMa, 3 MpOrpamMyBaHHs, 1 MOXe OYTH TIPOCTO peai30BaHUM B
HaBYAIbHOMY TIporieci. BukiageHHss maTepiany CympOBOKYETHCS MPUKIATaAMU
MPaKTUYHOI peasizallii 3apornoHOBaHOTO MiAX0Ay 0 Bizyalizallii JaHuX.
Kuarwu4oBi cioBa: animoBaHa rpadika, HAOOpH JaHUX, TMHAMIYHI MacHUBH,
JTUHAMIYHI JiarpaMu, GyHKIIS 3MIICHHS, eJIEMEHTH KepyBaHHS (OPMOIO

Problem statement. During data processing, there is always the task of their
convenient presentation for processing and visualization of initial data and results.
The graphic form facilitates the perception of information as a whole and visualizes
its features, trends, and anomalies. Scientists in medicine established [1] that if there
Is the only text in the instructions for medicines, a person learns only 70% of the
information from it. If you add pictures to the instructions, a person will retain 95%
of the information.

Visual information is better perceived and allows you to quickly and
effectively convey your thoughts and ideas to other people who are data consumers.
Physiologically, the perception of visual information is fundamental for a person.
Research results [2] state that:

— a person perceives nearly 90% of information through sight;

— 70% of the sensory receptors are in the eyes;

— about half of the human brain neurons are involved in the
processing of visual information;

— the brain’s cognitive function, which is responsible for the
processing and analysis of information, is used 19% less when dealing with
visual data;

— a person who works with visual data has a higher performance of
17%;

— the details of visual information are better mentioned by 4.5%;

— visual information is perceived 60,000 times faster than text or
numbers.

We agree with E. Tufty's opinion [3] that visualization is a tool for showing
data; encouraging the consumer of information to think about its essence and not the
methodology of obtaining it; avoiding distortion of what the data is supposed to say;
displaying of many numbers in a small space; showing a large set of data in a
coherent and unified whole; encouraging the viewer to compare pieces of data;
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serving fairly specific purposes: description, research, arrangement, or
improvement.

It is known that one of the most common tools for solving data processing
tasks is spreadsheet processing software, in particular, MS Excel. A spreadsheet's
tabular form of data presentation is quite suitable for storage and processing. Still, a
graphic representation of the data, usually implemented in various diagrams, is more
appropriate during the analysis phase.

During the education, all participants often have to deal with significant
volumes of data and present the results of their processing in a visual form. In
particular, such a need arises when presenting the results of scientific research,
defending course or diploma theses by HEI's students, explaining the trend of
changing values of a dynamic series of large dimensions, etc.

Therefore, issues related to the formation of HEI's student's skills in
presenting spreadsheet data in an easy-to-understand form, particularly diagrams,
are relevant issues. Their solution will contribute to the formation of digital
competence in the context of the formation of computational thinking and the use of
information and communication technologies in professional activity.

Literature review. Trends in the growth of data volumes to be analyzed give
rise to the non-trivial task of graphically presenting it in an easy-to-understand form
since the display of the entire amount of data often leads to overloading of the
diagram, its confusion and, as a result, to incorrect conclusions. Under such
conditions, it is appropriate to display the data in portions, but this leads to the
complication of the process of constructing static diagrams or the perception of
visualization results. The way out of the situation can be a dynamic data
visualization. In combination with means of automating the selection of the required
portion of data for constructing a diagram, which is implemented using form control
elements, such a toolkit will allow solving the task of data visualization in a
convenient form even for users who are not developers of this toolkit.

One of the main directions of using visualization tools is their application in
teaching various educational disciplines.

One of the main areas of visualization tools is their application in teaching and
learning different training courses. In particular, an investigation [4] presents
animated drawings in spreadsheets for physics training. The benefit to students is
evident. Instead of looking at still photos in a textbook, they can watch a physical
event and see how it happens over time. Paper [5] presents the results of studies in
conflict modeling, diplomatic research, trade disputes, electoral processes, and
political and legal debates by creating simulations of these situations. The authors
of the study [6] have explored the feasibility of using MS Excel, in particular its
graphical capabilities, in teaching the basics of statistics and its impact on the attitude
of future teachers to the use of statistics and the understandable presentation of data.
The study of the possibilities of animated graphics when displaying dynamic
processes is considered in the article [7]. The article [8] discusses the effects of using
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animated graphs when solving mathematical problems. The authors stated that such
tools contribute to developing computational thinking and realizing the STEM
education concept. Pamela Liebig, with co-authors [9], investigated the use of
interactive graphics in studying biomedical disciplines in training veterinary
students. Based on the results of a survey of applicants and teachers of the Institute
for Animal Breeding and Genetics, Hannover University of Veterinary Medicine, it
was concluded that there is an increase in interest in the content of the relevant
courses and a growing desire to increase the number of topics that are taught using
animation tools. The use of spreadsheet visualization tools in financial and economic
calculations and business analytics is presented in [10, 11].

Thus, based on the results of the review, it can be concluded that the use of
computer-animated graphics in learning academic disciplines contributes to
students' motivation, increasing their cognitive interest in learning.

The aim of the paper is to investigate the capabilities of MS Excel for the
visualization of large data sets in an easy-to-understand form and to offer a toolkit
for the practical implementation of such visualization.

Presenting study results. MS Excel software is included in the basic MS
Office package and is widely used in education. Most domestic HEIs have a license
to use it, so it does not require additional costs, unlike commercial software products
that support animated graphics. In addition, the study of this product is included in
the basic training for most of the specialties, followed by the educational process in
domestic HEIs, and therefore does not require special knowledge. This makes it
attractive for the use of processing various data, in particular dynamic visualization.

Dynamic visualization capabilities are provided in MS Excel by defining
source data for the chart as a dynamic array (that is, spreadsheet cell range) that
changes both its boundaries and the number of elements. The most straightforward
approach is to create an additional data table in which all the columns (rows) are
combined into a single column or row. This simplifies the further creation of a
dynamic array. This array is created using the OFFSET function of the spreadsheet
processing system, which determines the starting point (spreadsheet cell) of dynamic
range elements and its length (number of array elements). The dynamic array can be
rectangular, containing multiple series of data. The peculiarity of this approach is
that the ranges used and created must be named. The Define Names option in the
Defined Names group of Formulas tab should be used to do this. In detalil,
the technology for creating dynamic arrays is presented in particular by
references [12, 13, 14].

To create a chart, it is necessary to select an arbitrary part of the dynamic data
range constructed and build a static chart. The next step is to choose the graphic
object corresponding to the graphical data representation and change the static range
to the named dynamic one in the SERIES function that forms the chart, using the
Formula bar. To improve the chart's perception, creating a dynamic array of data is
recommended to generate the set of categories. To create a user-friendly interface to
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choose the initial value and length of the dynamic array, it is advisable to use form
controls like Spin Buttons or Scroll Bars. When the original dataset contains values
of several indicators, it is n necessary to use the Check Boxes to select the indicators
you want to display on the chart. If you want to build a chart for only one indicator from
their set, it is advisable to use the form controls like Option Button, List Box, or Combo
Box. Let us consider the application of the presented approach in practice. Let us
suppose we have data about the income of some trading enterprises over the past ten
years (Table 1). Graphic representation of the complete data set in the form of a graph
Is inconvenient because, on the one hand, the chart is too cumbersome to represent all
points. When it is reduced in size to a comprehensive view (Figure 1), it becomes
unpresentable. Not all initial points will be displayed when setting a chart size for easy
data perception (Figure 2). Therefore, for the convenience of analyzing such data, we
create a dynamic chart with an interface to manage reflected data using form controls.

Table 1.
Initial data to create a chart
Income. thsd. USD
2012 | 2013 | 2014 | 2015| 2016 | 2017 | 2018 | 2019 | 2020| 2021
Jan 160.3 | 167.0| 155.0| 251.8| 272,1| 287,7| 3084 | 326,7| 3530| 3855
Feb 161.7 | 164.1| 161.0| 2325| 2456 | 2700| 2860 | 2986 | 312,3| 3353
Mar 1459 | 183.0| 1857 | 196.2| 232,7| 2447 | 254,7| 269,9| 2919| 310,9

Month

Apr 93.6 | 209.0| 1889 | 1745 | 1878 | 2132 | 2336 | 2556 | 269,7| 2805
May 784 | 2716 | 2039 | 1573 | 1544 | 1735| 196,5| 220,8 | 247,7| 2625
Jun 524 | 330.9 | 2402 | 1426 | 1296 | 1514 | 1650 | 176,0 | 1955 | 2185
Jul 63.8| 326.3| 2351 | 1503 | 1329 | 151,1| 159,5| 173,1| 2025| 21472
Aug 86.5| 3145 | 216.7| 156.6 | 1413 | 1711 | 206,1 | 227,2| 2304 | 246,7
Sep 939 | 314.0] 1912 | 1949 | 1633 | 1781 | 193,0| 2278 | 2412 | 2542
Oct 1371 | 3034 | 1872 | 2051 | 183,1| 196,1| 210,8 | 240,6 | 259,6 | 284,2

Nov 189.6 | 2465 | 1564 | 2389 | 2580 | 2715| 290,8| 2980 | 3319 | 36138
Dec 2493 | 216.0 | 1478 | 2706 | 2458 | 2819 | 2918 | 3164 | 331,3| 3369

e, el

Fig. 1. Displaying all set of data
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Fig. 2. Displaying data for easy perception

Let's put the initial data in the table with a one-row range form. A fragment of
this table is presented in Figure 3. The interface to select the data range to be
displayed on the chart contains two scroll bars and is shown in Figure 4.

Number
Date
Profit

Initial data for creating chart

1 2 3 4 5 6 115 116 117 118 119 120
Jan 2012 Feb 2012 |Mar 2012 |Apr 2012 [May 2012 |Jun 2012 |[...|Jul2021 |Aug 2021 |Sep 2021 |OQct2021 |Nov 2021 |Dec 2021
160.3 161.7 1459 93.6 784 524 .| 2142 246,7 254,2 284,2 361,8 336,9

Fig.3. Presenting initial data in one-row range form

Start value for creatigh chart (date)

< > Jan 2012

The length of the period to plot the chart (month)

< > 8

Fig. 4. Interface to select the data range

Creating named dynamic data arrays is shown in Figure 5. In this case, they
use cells whose change is related to the Scroll bars made. Note that for the first Scroll
bar that sets the start date (the start point for the chart), the corresponding numeric
value is hidden because it has a supporting role. The result of creating a chart when
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the start point coincides with the beginning of the initial data range and the length
of the displayed data series is 12 periods is shown in Figure 6.

=OFFSET[Dyn_Chart!$B36:0:Dyn_Chart!SHS11:1: Dyn_Chart!SHS14)

1,
Leeet
Ef Label L3 =OFFSET(Dyn_Chart!SBS5;0:Dyn_Chart!SH311:1;Dyn_Chart!SHS14)

Fig.5. Creating named dynamic data arrays

10/ Start value for creatigh chart (date])
< > lan 2012
i
12
13 The length of the period to plot the chart {month}
< > 12
14
15
16.- Income, thsd USD
17, |

19 230

20

21 A

2 —
| 150

23|

24|

s | 1

26

= 50

lan Feb  Mar Apr May  lun Il Aug  Sep Oct MNov  Dec
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Date

Fig. 6. Ctht for the start point coincides with the beginning of the initial
data range and the length of the displayed data series is 12 periods

A chart for another value of the starting point and another length of the data
series is shown in Figure 7.

10| Start value for creatigh chart (date)
< > Ot 200
11
12
13 The length of the period to plot the chart (month)
< > (1

17 450,0
18 A00,0
19 3500
20
21 300,0
22 250.0
2 | 2000
24|
25 150.0
26| | 1000
27 | =00
3
2 0.0 ; ; )
£2 02020 Nov2020  Dec2020  Jan 2021 Feb2021 M 2021
30 Dt

Fig. 7. Chart for another value of the starting point and another length of the
data series
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The presented approach demonstrates the convenience of managing data
views and the ability to use them in various implementations for the graphical
representation of large data arrays in an easy-to-read form.

Conclusions. A visualization is a powerful tool for delivering thoughts and
ideas to the end-user, an assistant for data perception and analysis. With skillful
application, data visualization makes the material comfortable to perceive and
sufficiently visual.

Data visualization has advantages over tabular form, in particular focusing on
different aspects of the data; analysis of a large set of data with complex structure;
reducing the information overload of the user, and keeping his attention; the
uniqueness and clarity of the data.

The main research result is a description of the capabilities of a spreadsheet
processing system to create and use dynamic charts and develop a managerial
interface by using form controls. The study’s results can be used in the learning
process in the study of dynamic processes, in presentations of large volumes of data,
as a business analytics tool, etc.
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