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Introduction 

 

Visual analysis is a fast-growing, promising area that combines the 

benefits of graphical visualization and the power of analytical computing when 

working with large masses of digital information. Data visualization allows you 

to identify patterns, trends, and correlations that may otherwise remain unnoticed 

in traditional reports or spreadsheets. 

The laboratory and independent work is aimed at the development of 

students' skills in the effective use of the modern analytical tools and infographics 

for the analysis of complex mass social and economic phenomena and processes. 

Students will learn to make informed decisions based on the preprocessing of 

data and its interactive visualization. 

Studying this discipline enables the student: 

to choose the most effective means of data visualization for solving 

specific business tasks; 

to use infographic tools and choose analytical methods for processing 

the information in a changing information environment; 

to navigate the information space to collect the necessary data; 

to prepare information for processing by modern methods of business 

analytics; 

to interpret and present the results of analytical research; 

to prepare a report on the results of the conducted analytical research. 

The purpose of teaching this academic discipline is the expansion and 

deepening of theoretical knowledge and professional competences in the visual 

analysis of business processes and making effective solutions through the use 

of analytical methods and means of data visualization. 

The object of the discipline is business processes and phenomena. 

The subject of the discipline is the theoretical and practical aspects of 

economic interpretation and interactive visualization of the results of the analysis 

of business processes on the basis of the use of modern analytical methods 

and tools of infographics. 
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Content module 1. 

The theoretical basis for data visualization 

 

Topic 1. Visual information in the information society 

 

Laboratory work 1.1 

The formation of information space for visualization.  

An overview of information sources 

 

The purpose of the work is to acquire the skills in finding information in 

accordance with the purpose of the study. 

The task is to get acquainted with domestic and foreign sources of sta-

tistical information and to form the information space on the chosen research 

topic. 

 

Guidelines 

 

Currently, there is a wide range of distribution channels for statistical 

information, which is largely due to the needs and requests of different 

categories of users. As a consequence, users express a desire to receive 

information in various ways and means: on removable media, from the channels 

of communication, in the on-line mode. It is important, however, to satisfy all 

their requirements both from the point of view of the way data is presented, 

and from the point of view of the content, time of presentation of data, formats 

and prices. 

All users of statistical information can be divided into the following main 

groups: 

1. Government bodies: 

the President; 

the Council of Ministers; 

the Ministry of Economics; 

the National Bank; 

the Ministry of Finance; 

the sectorial ministries and departments. 

2. Regions: 

executive authorities in the regions. 
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3. Science and research: 

research institutes; 

higher educational institutions (universities, institutes); 

libraries ( the Central State Library and scientific libraries). 

4. Financial institutions and other enterprises, associations and 

organizations: 

banks; 

exchange brokers; 

insurance companies; 

unions; 

trade associations; 

companies. 

5. International and interstate organizations: 

the Eurostat; 

the International Monetary Fund, the World Bank, the UNECE, the ILO, 

the UNESCO and others; 

the Interstate Economic Committee, the Executive Committee of the 

Commonwealth of Independent States and others (for the CIS countries); 

embassies. 

6. The public: 

Parliament; 

mass media (television, radio and press); 

social organizations; 

educational institutions (eg schools); 

public libraries; 

citizens. 

The main data distribution channels are: 

1) publication; 

2) on-line services; 

3) mass media and other forms of dissemination. 

The Internet is the fastest, most accessible and convenient means of 

dissemination of statistical information. 

The main sources of statistical information which are authoritative and 

disseminate current, accurate information in accordance with the purpose of 

using it and its profile are presented in Table 1.1. 

 



6 

Table 1.1 

On-line statistical services 

Statistical services of Ukraine 

The State Statistical Service of Ukraine http://www.ukrstat.gov.ua 

Head of statistics department in Kharkiv 

region 

http://kh.ukrstat.gov.ua 

The only public web portal of open data https://data.gov.ua 

Statistical services of other states and international organizations 

The United Nations Statistics Division https://unstats.un.org 

The Statistical Office of the European 

Economic Commission 

http://w3.unece.org/PXWeb/en 

The Statistics Department of the 

International Labor Organization (ILO) 

http://www.ilo.org/global/statistics-

and-databases/lang- 

en/index.htm 

The International Monetary Fund http://www.imf.org/en/Data 

The United Nations Development 

Program 

http://www.undp.org 

The United Nations Educational, 

Scientific and Cultural Organization 

(UNESCO) 

https://en.unesco.org 

The UNESCO Institute for Statistics http://uis.unesco.org 

The United Nations Children's Fund 

(UNICEF) 

https://www.unicef.org 

The World Bank https://data.worldbank.org 

The World Health Organization (WHO) http://www.who.int/gho/en/ 

The World Trade Organization (WTO) https://www.wto.org/english/res_e/

statis_e/ 

The Eurostat http://ec.europa.eu/eurostat/data/ 

database 

The International Statistical Institute https://www.isi–web.org 

The Interstate Statistical Committee of 

the Commonwealth of Independent 

States (CIS Statistical Committee) 

http://cisstat.org 

The Organization for Economic 

Cooperation and Development (OECD) 

http://www.oecd.org 

The Eurasian Economic Commission http://www.eurasiancommission.org 
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The task for independent work: visit all the websites of statistical services 

and provide statistical information on the chosen topic. Statistical data should 

be presented in the tabular form in the worksheets of Microsoft Excel. Each 

table should contain the name, the headlines (columns' name), and the units 

of measure. 

 

Laboratory work 1.2 

Visualizing the data in MS Excel 

 

The purpose of the work is to acquire skills in the visualization of statistical 

information by means of MS Excel. 

The task is to learn how to graphically represent statistical data by using 

the Chart Wizard of MS Excel. Also discussed are ways to create, configure, 

and format diagrams, methods of working with sparklines, application of the 

rules of conditional formatting to extract data that meets the specified data. 

 

Guidelines 

 

MS Excel is a multifunctional application that is used in any field of 

activity. Various MS Excel tools for calculation analysis allow you to process 

a large amount of data and visually present the results. 

1. One way to visualize the data is a diagram. MS Excel allows you 

to build a large number of different diagrams. A diagram is a way to visualize 

the information given in the form of a table of numbers. The graphical format of 

the diagram simplifies the understanding of large amounts of information and 

connections between different series of data. 

The diagram also provides an overview of the situation making it possible 

to present the data and find important trends. 

Diagrams are created on the basis of data contained in working sheets. 

Excel charts are dynamic which means that if the user changes the data on 

the working sheets, on which the diagram was built, they will automatically 

update the diagram. 

The diagram in Excel includes many objects, each of which can be 

selected and changed separately. When you move the mouse pointer over the 

chart, a tooltip appears next to it, indicating the name of the object. Fig. 1.1 

shows an example of a diagram with all objects. 

The presence of all these objects is a prerequisite for correct visualization 

of data. 
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Fig. 1.1. An example of a diagram with all objects 

 

There are 11 standard chart types offered by Excel that allow you to 

effectively present data. For each type of chart, there are several subtypes. 

Many diagrams have a volumetric format. In most volumetric formats, diagrams 

do not add new information to the presentation of data on a flat chart, but make 

more impression when preparing reports or slides for the report. Fig. 1.2 shows 

which chart types can be built in Excel 2010. 
 

 
 

Fig. 1.2. The window for selecting the standard diagram type 

 

The standard types of diagrams, their purpose and limitations for use, 

as well as their subtypes are presented in Table 1.2 
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Table 1.2 

 

The standard chart types and their subtypes 

 

The name of the 

diagram type 
The purpose The subtypes 

1 2 3 

Histograms 

are used to compare individual quantities 

or their changes over a period of time. 

In the histogram, each data point is 

displayed as a separate vertical column 

whose height displays the value 

Histograms with grouping and 

volumetric histograms with 

grouping. 

Histograms with accumula-

tion and volumetric histograms 

with accumulation. 

Normalized histograms with 

accumulation and volume norm-

alized accumulated histograms. 

3D bar graphs. 

Cylinder, pyramid and cone 

histograms 

Graphs 

allow you to display changes in continu-

ous quantities over time. On the graphs, 

category data is evenly distributed along 

the horizontal axis, and all values are 

evenly distributed along the vertical axis 

Graphs and graphs with 

markers. 

Stacked graphs and accumu-

lated graphs with markers. 

Normalized schedules with 

accumulation and normalized 

schedules with accumulation 

with markers. 

Volumetric charts 

Pie charts 

Data in one column or row of a sheet 

can be represented as a pie chart. A pie 

chart reflects the contribution to the total 

amount of each. 

Data points that are output as percentages 

of the entire circle. Pie-chart sectors 

can be pushed out of the general circle 

to emphasize the data points they display. 

 

Pie charts are recommended if: 

1) only one row of data is required to 

be displayed; 

2) the values in the data series are 

non-negative 

Pie charts and 3D pie charts. 

Cut pie charts and three-

dimensional cut pie charts. 

Secondary pie charts and 

secondary histograms 
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Table 1.2 (continuation)  

 

1 2 3 

Bar charts 

Bar charts resemble histograms used 

for comparison of individual elements. 

The data in such a chart are displayed 

left to right and bottom to top 

Grouped bar charts and grouped 

volumetric bar charts. 

Stacked bar charts and volume-

tric line charts with accumu-

lation. 

Normalized bar charts with 

accumulation and volumetric 

normalized bar charts with 

accumulation. 

Ruled cylinder, pyramid and 

cone charts 

Diagrams with 

areas 

are used in the same situations as 

charts, to display the change of data 

over a certain period of time, and allow 

you to trace the change in the sum of 

the values of all series of data and the 

contribution of each series to this amount.  

It is not recommended to use more 

than five rows of data in a diagram 

with areas, otherwise it will be cluttered 

with information 

Diagrams with areas and volu-

metric diagrams with areas. 

Diagrams with areas with accu-

mulation of volumetric diagrams 

with areas with accumulation. 

Normalized diagrams with areas 

with accumulation and volume 

normalized diagrams with areas 

with accumulation 

Dot charts or 

point diagrams 

are usually used to display data cor-

responding to continuous time intervals. 

From most other types of diagrams 

they differ in that they do not have an 

axis of categories. The axes display the 

values. Point diagrams are often used 

to illustrate the dependencies between 

two variables. As a rule, this type of 

diagram is used in the field of scientific 

and engineering research 

Point diagrams with markers. 

Point diagrams with smooth 

lines and dot diagrams with 

smooth lines and markers. 

Point diagrams with straight 

lines and point diagrams with 

straight lines and markers 

Stock charts 

are most often used to illustrate changes 

in stock prices. However, they can also 

be used to derive scientific data. For 

example, with the help of a stock chart you 

can imagine daily or yearly temperature 

fluctuations 

Charts (highest rate, lowest 

rate, closing rate). 

Opening-maximum-minimum-

closing. 

Volume-maximum-minimum-

closing 
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Table 1.2 (the end) 

 

1 2 3 

 To create an exchange chart, you 

must correctly organize the data. 

Depending on the type, three to five 

series of data are required to construct 

such a diagram 

Volume-discovery-maximum-

minimum-closing 

Surface diagrams 

display two or more series of data in 

the form of a surface. Unlike other types 

of diagrams, in the surface chart, colors 

are not identified by rows of data, but 

by values. The number of colors used 

for this is determined by the value of 

the main division axis of values. One 

color corresponds to one basic division 

of the axis. 

A surface diagram is useful if it is required 

to find an optimal combination of data 

from two sets – as on a topographic 

map, related to the same ranges, while 

highlighting colors and hatching. Surface 

charts can be used to illustrate categories 

and data sets that are numeric values 

Surface 3D diagrams. 

Wire surface diagrams. 

Contour diagrams. 

Wire contour diagrams 

Ring diagrams 

are similar to circular ones, except that, 

in the center, they have a hole and they 

can output more than one row of data. 

In the ring diagram, it is not possible 

to identify series of data directly 

Ring diagrams. 

Fragmented ring diagrams 

Flap charts (petal 

diagrams) 

In the pie chart, a separate axis is defined 

for each category. 

The axes are directed outward from 

the center of the diagram. The value of 

each data point is marked on the cor-

responding axis 

Petal diagrams and petal 

diagrams with markers. 

Flap charts with areas 

Bubble charts 

A bubble chart can be thought of as 

a standard point diagram, in which 

additional values are represented by 

bubbles of different sizes. Like in the 

point diagram, in the bubble diagram, 

both axes are axes of values, there are 

no axes of categories in it 

Bubble or volume bubble 

diagrams 
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2. Building a basic diagram. To build a diagram, you need to take 

the following steps: 

1. Select the data you want to use to build a diagram. It is desirable for 

the selected data to include header lines and columns. 

2. On the Insert tab in the Diagrams group, select the diagram type and 

subtype. To view all available chart types, click the group button that opens 

the Insert Diagram dialog box to select the chart type (Fig. 1.3). 

 

 

 

Fig. 1.3. Diagram groups 

 

By default, a diagram is added to the worksheet as an embedded 

diagram. 

3. Using the context tab commands "Working with charts", change the 

appearance of the diagram, its structure, adding or deleting the elements of the 

diagram. 

 

3. Editing a diagram. 

All editing or formatting operations are performed with the selected 

chart or with its selected elements. By creating a chart, you can change any of 

its elements. There are a number of different ways to modify the base diagram 

created in Excel. 

For most flat charts, you can change the type of the entire chart, to give 

it a completely different look, or choose another type of chart for any row of data 

to convert a diagram into a mixed (combined) one. For bubble and volume charts 

you can only change the type of the entire chart. To change the type of the entire 

chart, click on the chart to display the Diagrams tab. 

1. In the Designer tab in the Type group, click the Change Chart Type. 

2. In the Change Chart Type dialog box, select the desired type of diagram 

(Fig. 1.4). 
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Fig. 1.4. Changing the chart type  

 

You can change the type of the chart using the context menu (Fig. 1.5) 
 

 
 

Fig. 1.5. The Change Chart Type dialog box 

 

4. Combined diagrams. 

A combined diagram is a diagram that consists of several data series and 

uses different types of charts simultaneously. In a combined diagram, one type, 

for example, a histogram, can be used, but the second axis of values is contained. 

The easiest way to create a composite diagram is to change the chart 

type for one row. 

To change the chart type for a row of data, select it. 

1. On the Designer tab in the Type group, click the Change Chart Type. 

In the Change Chart Type dialog box, change the type for a number of data. 



14 

2. Double-click the highlighted row or right-click mouse to call the Data 

Format dialog box, go to the tab Parameters of the row and set the switch on 

the auxiliary axis (Fig. 1.6). 

 
Fig. 1.6. Changing the type of diagram for a series of data 

 

You can change the range of data represented in the diagram using the 

ribbon commands or the context menu (Fig. 1.7). 
 

 
Fig. 1.7. The context menu of the data source selection 

 

You can also change the name of a row and its sequence by using the 

Data Selection context menu (Fig. 1.8). 

 
Fig. 1.8. Work with the menu 
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5. Adding and removing the chart elements. 

Regardless of the selected layout of the chart, you can add and delete 

individual elements of it. To do this, use the elements of the Layout / Work tabs 

tab (Fig. 1.9). 
 

 

 
 

Fig. 1.9. Changing of the diagram layout 

 

6. Application of styles. 

Applying the styles for drawing a chart: 

1. Highlight the chart. 

2. On the Designer tab in the Style sheets group, select the style that 

you want to use (Fig. 1.10). You can also change the style of the figure of the 

selected element of the diagram. 
 

 
 

Fig. 1.10. The Style sheets group 

 

7. Visualizing the data with a sparkline. 

MS Excel has new tools for visualizing data: the diagram of the sparklines 

that allow you to create small diagrams inside a cell for graphical representation 

of the data range. 
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When working with large amounts of data it can be difficult to understand 

them. Using small diagrams called sparklines (infolines or infocells) and displayed 

next to the data, you can visually show the meaning of these values, as well 

as simplify the search for patterns and trends in them.  

Sparklines are small diagrams that are placed inside individual cells on 

a sheet. Due to their size, the sparklines make it possible and very clearly 

visualize regularities in large data sets. Sparklines allow you to pay attention 

to such phenomena as economic cycles or seasonal growth or decline of any 

indicators, as well as highlight the maximum and minimum values in different 

colors. Sparklines are most effective when they are close to the data they 

represent. 

In MS Excel, three types of sparklines are created: a graph, a histogram 

(column), and a win/loss diagram (Fig. 1.11). 
 

 or  
 

Fig. 1.11. Types of sparklines 

 

Sparkline line (graphics). In the graphs, the line goes from left to right 

and displays changes in the data in the form of trends (Fig. 1.12). The points 

with the minimum values can be selected in a different color. Sparklines only 

allow you to quickly determine what is happening and do not give an answer 

to the question why it happens. 

Sparkline column (histograms). Sparkline histograms are rows of vertical 

columns, the larger the value, the higher the column (Fig. 1.12). To simplify the 

perception, the maximum and minimum values can be highlighted in a different 

color. 

Sparklines of win/loss. In sparklines of this type, the winning is indicated 

by a rectangle at the top of the cell, and the loss is indicated by a rectangle at 

the bottom (Fig. 1.12). This type of sparkline shows the positive values displayed 

by the rectangles at the top – these are the wins, the negative values cor-

respond to the rectangles at the bottom – these are the losses. Losses are 

highlighted in red, so you can immediately see which values were unprofitable. 
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Fig. 1.12. The types of sparklines  

 

7.1. Creating the sparklines. 

To create sparklines, you need to select the data range that you want to 

analyze. On the Insert tab in the Sparkline group, select the sparkline type, 

and then specify the location for the sparklines (Fig. 1.13). 
 

 
 

Fig. 1.13. The data range for sparklines and the space for sparklines 
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Typically, sparklines are created based on a continuous series of cell 

values of one row or one column. The results of the construction of a sparkline 

are shown in Fig. 1.14. 
 

 
Fig. 1.14. The sparkline line 

 

7.2. Setting up the sparklines. 

To work with sparklines, use the contextual tab Designer which usually 

appears automatically when you select the cell in which the sparkline (infocurve) 

is located (Fig. 1.15). 
 

 
 

Fig. 1.15. The Designer tab 

 

After creation, you can change the type of sparkline. To do this, in the 

Type group of the contextual tab Designer, click the button with another type 

of sparkline (Fig. 1.16). 
 

 
 

Fig. 1.16. Changing the colour of a sparkline 
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Sparklines located in adjacent cells are grouped by default. When you 

select one cell with a sparkline, the entire range is highlighted. In this case, 

all configuration and design actions will be performed with all sparklines in 

the range, even if only one cell is selected. To be able to work with each 

sparkline individually in the group, use the contextual tab Constructor and click 

Ungroup (Fig. 1.17). To remove the sparkline, select the cell or several cells 

with sparklines and in the group Grouping of the contextual tab Constructor, 

click the Clear button (Fig. 1.17). 

 

 

 

Fig. 1.17. The Constructor tab 

 

7.3. Controlling the display of data points. 

To select specific data in the Design tab, choose the Display group which 

controls the display of points on the sparkline. On the sparkline, you can select 

individual or all markers (values) of the data, specifying their visibility (Fig. 1.18). 

To enable all values, select the Markers check box. 

 

 

 

Fig. 1.18. The Markers check box 

 

7.4. Display and settings of axis parameters. 

By default, sparklines of all types do not have any axes. If there are 

negative values, you can display the horizontal axis. To do this, select the cell 

with the sparkline. In the Constructor contextual tab, in the group Group, click 

the Axis button and in the resulting menu, select Show axis (Fig. 1.19). 
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Fig. 1.19. The display and settings of axis parameters 

 

7.5. Changing the style or format of the sparkline.  

To change the style or format of the sparkline, a collection of styles is 

created on the Constructor tab (Fig. 1.20). 

 
 

Fig. 1.20. Changing the style or format of the sparkline 

 

On the Constructor tab, in the Style group, you can change the color, the 

thickness of the line on the graph, and control the color of the marker (Fig. 1.21).  

 
 

Fig. 1.21. Changing the color of the marker 

 

Attention! Colors of lines (columns) can be changed regardless of the 

selected style. For the sparkline type Histogram or Win/Loss, it is not possible 

to change the thickness of the contour of the columns. 
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8. Visualizing the data with conditional formatting. 

Conditional formatting provides visibility in the study and analysis of data, 

changing the format of the data representation in cells depending on the values. 

Conditional formatting can be applied to a range of cells, a Microsoft Excel 

spreadsheet, or a PivotTable report. Fig. 1.22 shows a worksheet with six bands, 

each of which is applied in a separate type of conditional formatting. 
 

 
 

Fig. 1.22. The types of conditional formatting 

 

8.1. Creating conditional formatting. 

To apply conditional formatting to a cell or a range of cells, you must 

select one of the formatting rules on the Home tab in the Styles group in the 

Conditional formatting drop-down list (Fig. 1.23). 
 

 
 

Fig. 1.23. The Conditional formatting tab 
 

Here is a list of the rule groups for conditional formatting. 

1. The rules for selection of cells. The rules of this group are based on 

comparing the contents of the cell with a given value. Among these rules there 
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are also rules that search for the occurrence of a given text line in the contents 

of the cell and check for duplicate values. 

2. The rules for selecting the first and last values. The rules of this group 

distinguish the first or last 10 values, the first or last 10 % of the values, as 

well as values that are above or below the average value. 

3. Histograms. The application of these rules results in the mapping directly 

into the cells of the horizontal columns, the value of which is proportional to 

the value contained in the cell. 

4. Color scales. In accordance with these rules, the background of cells 

of the selected range will be a gradient fill, with the background hue of each 

cell depending on the value in this cell. 

5. Sets of icons. The application of these rules results in the display in 

each cell of a graphic icon corresponding to the value in this cell. 

6. Create a rule. This command allows you to create your own conditional 

formatting rules, including the rules based on logical formulas. 

7. Delete the rules. This command deletes the conditional formatting rules 

from the selected range of cells or from the entire worksheet. 

8. Managing the rules. This command opens the Conditional Formatting 

Rules Manager dialog box, where you can create new rules, edit the existing 

rules, or delete the selected rules. 

 

8.2. Selecting the values. 

With the help of conditional formatting, you can select values that cor-

respond to any condition (more, less, between, equal, etc.). Select the cell or 

range of cells.  

On the Home tab, in the Styles group, from the Conditional formatting drop-

down list, select the Cell selection rules command, and then select the condition. 

The dialog box for setting the condition parameters opens (Fig. 1.24).  
 

 
 

Fig. 1.24. Creating the conditional formatting 
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Fig. 1.24. (The end) 
 

The name and the content of the settings window for the condition 

parameters depend on the selected condition. 

 

8.3. Formatting based on the selection of values. 

Using conditional formatting, you can find the maximum and minimum 

values in a range of cells based on the specified threshold value. Select the cell 

or range of cells. On the Home tab, in the Styles group, from the Conditional 

formatting drop-down list, select the Rules for selecting the first and last values, 

and then select the condition. The dialog box for setting the condition parameters 

opens (Fig. 1.25). 

 

 
 

Fig. 1.25. The box for setting the condition parameters 
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8.4. Formatting using the histogram, color bar, icon set. 

1. Histograms help to examine the value in a cell relative to other cells. 

The length of the histogram corresponds to the value in the cell. The longer it 

is, the greater the value. Histograms are optimal for determining the main 

indicators, especially in large amounts of data (Fig. 1.26). 
 

 
 

Fig. 1.26. The result of creating the conditional formatting 

 

2. Color scales are visual elements that help to understand the distribu-

tion and dispersion of data. A three-color scale helps to compare the range of 

cells by using a gradation of three colors. The brightness level of the color 

corresponds to high, medium or low values. For example, in the red-yellow-

green scale, you can specify that cells with high values will be green, cells with 

medium values will be yellow, and cells with low values will be red (Fig. 1.27). 
 

 
 

Fig. 1.27. Changing the color 

 

3. The icon set is used to annotate and classify data in three to five 

categories, separated by a threshold value. Each icon corresponds to a range 
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of values. For example, in the set of icons 3, the red up arrow corresponds to 

high values, the yellow arrow pointing to the side corresponds to the average 

values, and the green down arrow corresponds to the low values (Fig. 1.28). 

 

 
 

Fig. 1.28. The icon set 

 

8.5. Advanced formatting. 

Conditional formatting rules can be created, modified and deleted. Select 

the cell or range of cells. On the Home tab, in the Styles group, from the 

Conditional formatting drop-down list, click Manage rules. 

In the Conditional Formatting Rules Manager dialog box (Fig. 1.29), do 

one of the following: 

 

 
 

Fig. 1.29. The Conditional Formatting Rules Manager dialog box 

 

To add a conditional formatting rule, click the New rule button. The Create 

Formatting Rule dialog box appears (Fig. 1.30), in which you modify the formatting 

options. 



26 

 

 

Fig. 1.30. The Create Formatting Rule dialog box 

 

To change the Conditional Formatting Rule, select the rule, and then click 

Edit Rule. In the Edit Formatting Rule dialog box, you can select the type of 

another rule, change the condition and formatting parameters (Fig. 1.31). 

 

 

 

Fig. 1.31. The Edit Formatting Rule dialog box 
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If there are several rules for the same range, you can change the order in 

which they are applied by clicking the Up and Down buttons in the Conditional 

Formatting Rules Manager dialog box. 

 

Tasks for independent work 

 

Task 1. Create a table on Sheet 1, similar to Table 1.3, and enter your 

original data into it. 

 

Table 1.3 

 

Years 2013 2014 2015 2016 2017 2018 2019 

Average cost per 

month per 

household, UAH 

3073.3 3458 3592.1 3820.3 4048.9 4952 5720.4 

Food and non-

alcoholic beverages 
1585.8 1774 1799.6 1914 2101.4 2629.5 2848.8 

Alcoholic beverages, 

tobacco products 
104.49 117.57 125.72 133.71 137.66 163.42 165.89 

Non-food products 

and services 
1072.6 1224.1 1336.3 1398.2 1469.8 1807.5 2316.8 

Nonconsumptive total 

costs 
310.4 342.34 330.47 374.39 340.11 351.59 388.99 

 

Copy the table to Sheet 1. 

On Sheet 1 below the table, build a basic chart-like Graph (view – a graph 

with markers). 

If necessary (to display all the inscriptions in the diagram completely and 

without distortion), change the size of the diagram. 

Change the type of diagram to the Histogram for the "Total cost per month 

for one household" series (the view is a chart with accumulation). 

Set the colors: for the histogram choose gradient, for graph lines: food and 

non-alcoholic beverages – green; alcoholic beverages, tobacco products – yellow; 
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non-food products and services – red; nonconsumptive aggregate expenses – 

serene. 

Insert the chart name. 

Format the values and categories axes (Y and X): change the alignment 

of the signatures on the category axis. 

Compare the diagram you have constructed with the one shown in 

Fig. 1.32. If there is a discrepancy between them, make the necessary changes 

to your chart. 

 

 

 

Fig. 1.32. Total spending on average per month per household 

 

Task 2. Using the initial data of Table 1.3, create a volume circular 

diagram that shows the average monthly expenditure structure of one family 

in 2019.  

Any color scheme can be chosen for the sectors of the circular diagram. 

The obligatory elements of this diagram should be: the name, the sub-

scription of the sectors with the indication of their percentage share. 
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The Uncompromising total costs sector should be located separately from 

other sectors. 

To check the correctness of the work, compare the constructed diagram 

with Fig. 1.33. 

 

 
 

Fig. 1.33. The average monthly expenditure structure of one family  

in 2019 

 

Task 3. Add the "Trend" column to Table 1.3 and build the following types 

of sparklines in this column: for food and non-alcoholic beverages – the Sparkline 

Line; for alcoholic beverages, tobacco products – the Sparkline Column; for 

non-food products and services – the Sparkline Graph and for nonconsumptive 

total costs – the Sparkline Win/Loss. 

Change the row height and column width with sparklines to visualize the 

trends. Please, format the sparklines: mark the minimum and maximum values 

in the graph; on the histogram, select the minimum value in color. 

 

Task 4. On the new sheet, according to Table 1.3 apply: 

1) conditional formatting using histograms; 

2) conditional formatting using the icon set. 

 

The results of the assignments should be presented in the form of a report 

on the laboratory work. 
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The list of questions for independent work 

 

1. What is information? 

2. What is the classification of modern information? 

3. What are the essential requirements for the presentation of digital 

information? 

4. What place does information take in modern society? 

5. What is the knowledge economy? 

6. Describe the features of the knowledge economy and its place in the 

information society. 

7. Disclose the essence of the main stages of data visualization. 

8. What is grammar graphics? 

9. Describe the relevance of data visualization for the knowledge economy. 

10. What approaches to the interpretation of the term "visualization" are 

used? 

 

Test questions for self-assessment on topic 1 

 

1. What is the main task of visualization: 

a) encoding the data using visual aids; 

b) reducing the time and effort of the reader and the user to perceive 

information; 

c) transformation of the dataset? 

 

2. What is the first stage of visualizing the data: 

a) refining; 

b) acquiring; 

c) interaction? 

 

3. What elements are basic geometry in the grammar of graphics: 

a) a point, a line; 

b) an axis, coordinates; 

c) gridlines? 

 

4. What are the basic principles that support the reader's acquisition of 

information quickly and easily: 

a) reducing the clutter; 

b) integrating the text and the graph; 
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c) showing the data; 

d) all of the above? 

 

5. Pre-attentive processing allows the reader: 

a) to perceive things serially; 

b) to perceive multiple basic visual elements simultaneously. 

 

6. What should be guided when choosing a graph type: 

a) only features of the source information; 

b) only how graphic objects are perceived; 

c) the features of the source information and how graphic objects are 

perceived? 

 

7. Which type of diagrams can be used to represent the structure of the 

phenomenon: 

a) a scatter chart, sparklines; 

b) a pie chart, a stacked bar chart; 

c) a cartogram, a heat map? 

 

8. What are the main causes of the distortion of information in the con-

struction of bar charts: 

a) the beginning of the vertical axis is not from zero; 

b) non-compliance with the scale; 

c) disconnected legend with the graph? 

 

9. Which legend is more accessible to perception: 

a) off to the right; 

b) directly on the chart, or at the end of a line; 

c) below the graph? 

 

10. What technique can be used to visualize thinking: 

a) a heat map; 

b) a scatter plot; 

c) a mind map? 
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Topic 2. Modern data visualization tools. Infodesign 

 

Laboratory work 2 

Visualization of textual information. A mental map (mind map) 

 

The purpose of the work is to acquire the skills in building mental maps. 

The task is  to get acquainted with software products for building mental 

maps and to create a mental map of the chosen research topic. 

 

Guidelines 

 

The mental map is a technique for visualizing thinking with which you 

can better and more efficiently process some information. 

A mental map is a way of fixing the thinking process, most similar to how 

thoughts and ideas are born and developed in our brain. 

Mental maps have many different names (Fig. 2.1). 

 

 

 

Fig. 2.1. The mental map types 

 

A mind map is a diagram used to visually organize information. A mind 

map is hierarchical and shows relationships between the pieces of the whole. 

The mindmapping technology is widely used for many purposes, 

including those shown in Fig. 2.2. 
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Fig. 2.2. The functions of mind maps 

 

 Fixing the information. Mental maps are a convenient form of data 

recording, allowing you even with a large volume, to present it in a capacious form. 

 Memorizing the information. When you record something in a con-

venient form, it is automatically fixed in the memory. 

 Easy access to information. Data recorded in the form of mental 

maps is easy to remember, even at first sight. 

 Analysis of information. A mental map is constructed in such a way 

that it allows you to see previously unnoticed connections between its parts, 

small unaccounted details, which can be very valuable in making decisions. 

Also, with the help of a mental map, you can view all the information in general, 

in a complex way, which generally contributes to understanding the topic and 

the data. 

Mental maps help you easily use information, which makes them very 

useful in many areas of our lives: learning, work, personal life. 

 

Why apply mental maps? 

The main reasons are as follows. 

The first reason lies in the very construction of the map – it is depicted 

in a radial (non-linear) form, the key image is in the center, and further branches 

diverge from it. This simplifies the flow of information to the brain – after all, 
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we also see the world around us as a whole – the central image and details 

around it (Fig. 2.3). 
 

 
 

Fig. 2.3. The structure of a mind map 

 

The second reason also lies in the processing of information by our 

brain – visualization as a whole improves perception. Words with pictures are 

remembered 6 times better than just words (Fig. 2.4).  
 

 
 

Fig. 2.4. The main elements of a mind map 

 

When constructing a mental map, various abilities of our thinking are 

activated. When composing branches and keywords, we use hierarchies, for 

images – visualizations and associative thinking, in general, space-shaped 

thinking is used. All this activates the memory and allows you to remember 

both the data structure and their important aspects, so the use of mental maps 

improves the memorization of information by about 32 %. 
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Since we use different thinking abilities to construct mental maps, such 

as creativity, logic, imagination, they all develop and improve in the process. 

Since mental maps display the picture as a whole, it allows you to 

establish all the relationships between the objects, even if they were initially 

not so obvious. In turn, this leads to the emergence of a new perspective of 

the information, as well as new ideas and thoughts. The structure and logic of 

the data become more "transparent", easy to understand and remember. 

Another undeniable argument in favor of using mental maps is the fact 

that this technique is very easy to learn, and helps to memorize information at 

once, in large amounts and very effectively (Fig. 2.5). 
 

 
Fig. 2.5. The main purposes of using a mind map 

 

Who invented mental maps? 

 

Analogues of different connection diagrams have 

been used since quite early times, but the creator of the 

modern methodology of mental maps, such as we know it 

now, is Tony Buzan, an English psychologist, the author 

and co-author of more than 80 books, the most famous of 

which are "Superthinking" and "Use both sides of your 

brain". The first book, describing the technique of mental 

maps, "Use your head", was published in 1974.  
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Are there any programs for creating mental maps? 

There are a large number of both online editors and programs/applications 

for building mental maps: 

 Coggle is a simple and easy-to-learn online mental map editor [18].  

 XMind is a serious software for building both mental maps and other 

various diagrams [26].  

 Bubbl.us is an online editor and application [16].  

 Mindmeister is a very nice online map editor with a lot of color themes, 

pictures, symbols and other features [24].  

 Mapul is another representative of online editors [23].  

 

How to create a mind map using the mindmeister application? 

1. Any map begins with the main theme, an idea located in the center. 

Sometimes this can be called the essence of reflection. For example, let's 

make a mind map to learn the theme "Mental maps" (Fig. 2.6). 

 

 

 

Fig. 2.6. The composition of a mind map 

 

For this purpose, in the center, we place the key idea: to learn the theme 

"Mental maps" (Fig. 2.7). 
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Fig. 2.7. Getting started with a mental map 

 

2. Now add the first level themes. To do this, select the object from 

which the topic will go, and then press the tab key. Here you will see the key 

categories, steps and chapters related to the central question. In the process 

of brainstorming, you will begin to understand which ones are all the more 

important and deserve to go to the first level, and which are not so significant 

and can be attributed to some more global theme. Thus, the map hierarchy 

begins to be formed, which can be changed in the process (Fig. 2.8). 
 

 
 

Fig. 2.8. Adding a level to the mind map 
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The first level themes have short names, after all, in fact, these are 

categories that help to build thoughts. Sometimes, if the categories are too 

abstract, you can attach images to them. This creates associations with content 

categories and allows you to quickly distribute ideas between them. According 

to generally accepted concepts, the image is always more powerful than the text 

name, but sometimes the pictures are used to a greater extent for presentations. 

3. At the third stage, the themes of the second level are sub-themes. 

Thus a third level of the mental map is created. Subtopics are necessary for 

the concretization of ideas. This level should be more organized and thought-

ful (Fig. 2.9). 
 

 
 

Fig. 2.9. Adding sublevels to the mind map 

 

If necessary, at this level, you can resort to descriptive phrases. Exit for 

the fourth level is undesirable, as this reduces the convenience of reading the 

map as a whole. If further concretization is required, it makes sense to go to 

the attached notes. If you need a detailed description, then, of course, there 

must be a note. If the map turns out to be too large, it is preferable to divide it 

into "floating" topics or create a new map, the reference to which is in the main 

map. Applications like MindMeister allow you to do this. 

4. For applications, support of additional tools is preferable: notes, leaders 

(callouts) and connections (links). 
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 Notes. This is a great way to remind yourself about the end result of 

an idea. You can easily create a map of thoughts, which in a week will 

become incomprehensible even to you. Usually, notes are attached to topics 

as shortcuts with pop-up text. To see the contents, you need to hover the mouse 

or click on the note (Fig. 2.10). 
 

 
 

Fig. 2.10. Adding notes 
 

 Leaders. These are short notes, which are usually highlighted in 

color, and their contents can be seen right away. Leaders can be used as 

pointers or explanations in cases where creating another level of the topic does 

not make sense (Fig. 2.11). 
 

 
 

Fig. 2.11. Adding links 
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 Connections. These are pointers between the elements of the map. 

They can be used simply as reminders to oneself or associate different ideas, 

notes and callouts at different levels. So the map becomes more logical in the 

event that the connections between two or more elements of the map are not 

obvious or original. In addition, links make it possible to avoid duplication of 

topics (Fig. 2.12).  
 

 
 

Fig. 2.12. Adding connections between the levels and themes  

of the mental map 
 

5. Formatting mental maps. To format the mental map in general, use 

the left side panel and the top panel (Fig. 2.13). 
 

 

 
 

Fig. 2.13. Special panels for formatting mental maps 
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The /− buttons increase or decrease the size of the map. 

The button in the form of a target allows you to place the map in the 

center of the sheet.  

The I button is required to select the properties of the map (the skin and 

alignment method). 

The right sidebar allows you to change the font size, background color, 

add icons, pictures/videos, notes, links, upload files and much more (Fig. 2.14). 
 

 
 

Fig. 2.14. Formatting mental maps 

 

MindMeister is a program both for mindmapping and creating presentations 

(Fig. 2.15). Our online version allows you in seconds to turn a mental map into 

a presentation and play it right inside the map editor. Slideshows can also be 

exported, broadcast on the Internet or inserted.  
 

 
 

Fig. 2.15. The presentation mode 
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As a result of the use of special formatting panels, we receive a ready-

made mental map (Fig. 2.16). 

 

 

 

Fig. 2.16. The results of constructing a mental map 

 

Advice. Do not forget about the basic elements of the correct construction 

of mental maps (Fig. 2.17). 

 

 

 

Fig. 2.17. Some advice on constructing a mental map 
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Tasks for independent work 
 

Task 1. Create a mental map on the theme "Programming languages" 

using the application Bubbl.us and Coggle.it. 

Task 2. Create a mental map for the key concept of your research topic. 

The results of the assignments should be presented in the form of a report 

on the laboratory work. 
 

The list of questions for independent work 
 

1. What is visualization of information? 

2. What is the object and subject of visual analytics? 

3. In which areas is visualization of information used? 

4. What are the basic stages of formation of information space for visual-

ization? 

5. Name the modern methods of visual analysis. 

6. List the tools of each of the methods of business analytics. 

7. What is info design? 

8. What are the practical benefits and limitations of using the info design? 

9. Describe the modern toolbars of business analytics. 

10. Make a comparative analysis of two or three of the current tools for 

data visualization. 
 

Test questions for self-assessment on topic 2 
 

1. What data visualization tools do not require writing a code: 

a) Plotly; 

b) Power BI; 

c) Highcharts; 

d) Qlikview? 
 

2. The visualization library for Python is: 

a) dygraphs; 

b) ggplot; 

c) Bokeh. 
 

3. The visualization library for R is: 

a) ggplot2; 

b) Bokeh; 

c) D3. 
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4. The visualization library for R ggplot2 supports: 

a) 3-dementional graphics; 

b) only 2-dementional graphics. 

 

5. What kind of attributes are used as quantitative: 

a) added marks and orientation; 

b) shape; 

c) length and 2-dimensional location? 

 

6. Nonquantitative perception is: 

a) enclosure; 

b) size; 

c) intensity. 

 

7. One of the laws of perception relating to grouping is: 

a) orientation; 

b) proximity; 

c) blur. 

 

8. In what spheres is information design used:  

a) only in applied linguistics; 

b) only in applied ergonomics; 

c) only in applied psychology;  

d) in all spheres named above and others? 

 

9. The function of typography is: 

a) to identify, investigate and offer solutions to language-related real-life 

problems; 

b) to make written language legible, readable, and appealing; 

c) to provide selection of pre-attentive visual attributes. 

 

10. What are the recommendations if you need to use a large number 

of colors in the visualization? 

a) Use a wide range in both hue and brightness. 

b) Use natural patterns of color. 

c) Use a static set of colors. 
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Content module 2. 

Using modern methods of analytical data processing 
 

Topic 3. Planning, collecting and preparing data for 

visualization. The methods for collecting analytical  

information 

 

Laboratory work 3 

Infographics: cartography (mapping) 

 

The purpose of the work is to learn the skills in visualization of data with 

the help of mapping tools. 

The task is to get acquainted with software products for cartography and 

to create a map of the chosen research topic. 

 

Guidelines 

 

A map is one of the most common methods for visualization of data. 

Since school we have been used to maps that indicate the geographical location 

of countries and continents, landscapes of various territories. The main purpose 

of maps is to clearly explain any socio-economic, political, cultural and demo-

graphic processes and manifestations.  

Maps consist of objects, comparing which we can understand the structure 

of phenomena and processes, the differences between them and understand 

the overall picture, in a word, explain the world. 

Modern journalism, science and research actively use infographic tools, 

moreover, all world organizations and funds use cartography as one of the 

interactive tools for visualizing data in the preparation of reports. 

In support of this fact, you are offered a selection of 7 most interesting 

visual maps prepared by different sources. 

In 2013, the World Economic Forum presented the results of a survey 

of residents of 140 countries (Fig. 3.1). Respondents expressed their attitude 

to foreign visitors – so the organization managed to draw a map of the most 

and least friendly states. The most hospitable countries were Iceland, New 

Zealand and Morocco. However, see for yourself. 
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Fig. 3.1. The most hospitable countries 

 

The map in Fig. 3.2 is a reminder that linguistic and written traditions do 

not always coincide with state borders. 

 

 

 

Fig. 3.2. The basic written systems of the world 
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This visualization also reflects many historical processes: European 

colonialism, the Arab conquests of the 7th century, the Russian expansion 

of the 19th and 20th centuries, and the (still ongoing) unification of India and 

China. 

 

Who knows what love is? 

Between 2006 and 2007, the Gallup company (formerly the American 

Institute of Public Opinion) surveyed the residents in 136 countries. The 

respondents were asked to answer the question: "Did you feel being loved 

yesterday during the day?" So, it was possible to map the countries where 

people are most and least loved (Fig. 3.3). 

 

 

 

Fig. 3.3. Who knows what love is? 

 

Nobody in the world smokes so much as residents of Eastern European 

countries. This is evidenced by the results of recent studies. In these countries, 

for each person in the year, there are about 2000 smoked cigarettes (Fig. 3.4). 

The most tobacco-dependent people are Serbs. Russians are also in 

the top five "leaders". But the Romanians made an exception among the 

peoples of Eastern Europe. 
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Fig. 3.4. The tobacco-dependent peoples 

 

Few people will be surprised at the fact that atheism is common in Japan, 

China or European countries. However, for you, for sure, it will be a surprise 

that this is not uncommon in some Arab states, like Saudi Arabia, where it is 

considered a crime and is prosecuted by law (Fig. 3.5). 
 

 
 

Fig. 3.5. Where do atheists live? 



49 

Recently, the London-based non-governmental organization "Save the 

Children" conducted a large-scale study, setting the conditions for motherhood 

in virtually every country in the world (Fig. 3.6). 

 
 

Fig. 3.6. The best countries for motherhood 

 

Specialists had to analyze huge amounts of data collected from UN reports 

and other sources. On their basis, a map was drawn: on it, the countries where 

young mothers feel most comfortable are blue, the states where being a mother 

is not so easy are red. 

One of the most common available mapping tools is the application 

Datawrapper [19].  

Datawrapper is a service for visualization of data. You can merge 

Datawrapper with data of any formats (Excel, CSV, PDF). The created charts 

and maps that can be built into any website. 

Datawrapper makes graphics and maps interactive: move the cursor on 

the line to see the exact values or compare different datasets with the buttons 

or timeline. The service can adapt fonts, colors and distance to your style. 

Let's look at the step-by-step process of creating a map using this on-line 

application. 

The first task is to prepare the data. As an example, let's take the data 

of the regional statistics of Ukraine, namely the region-based level of incomes 

of the population in 2016 (Table 3.1). 
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Table 3.1 

The input data 

 

Regions of Ukraine Income of the population, million UAH 

Vinnytsia 53 623 

Volyn  29 879 

Dnipro 140 077 

Donetsk 83 053 

Zhytomyr 39 324 

Zakarpattia 31 980 

Zaporizhzhia 73 605 

Ivano-Frankivsk 41 946 

Kyiv 67 102 

Kropyvnytskyi 30 367 

Luhansk 27 168 

Lviv 86 105 

Mykolaiv 38 823 

Odesa 90 534 

Poltava 52 339 

Rivne 34 791 

Sumy 38 480 

Ternopil 28 500 

Kharkiv 99 945 

Kherson 33 479 

Khmelnytskyi 42 610 

Cherkasy 38 312 

Chernivtsi 24 593 

Chernihiv 33 149 

The city of Kyiv 266 907 

 

The Datawrapper application offers the creation of a map in 4 steps. 

So, in the first step we have to choose the type of map (Fig. 3.7). 

 Choropleth maps (maps that use differences in shading, coloring, or 

the placing of symbols within predefined areas to indicate the average values 

of a property or quantity in those areas). 

 Symbol maps which show individual points to highlight a certain 

geographic distribution. 

 Locator maps (maps of this kind add markers to a map to show 

where something is located or happened). 
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Fig. 3.7. The types of maps 

 

Let's try all of them. Let's start with the first type – the Choropleth map. 

Click on the appropriate map type (Fig. 3.8). 
 

 
 

Fig. 3.8. The Choropleth map 

 

Then we must choose a geographical continent, a specific country or all 

countries of the world. So, we choose Ukraine (Fig. 3.9). 
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Fig. 3.9. Choosing a country 

 

In the right side of the window we see the geographical map of Ukraine, 

divided into regions. We confirm your choice by clicking the Next button. 

The second step. Now it's time to add data to your map. 

Fill the table below with the values you want to visualize (Fig. 3.10). You 

can add additional columns to the table by right-clicking. You can also import 

your dataset automatically by clicking on the Import button below the table. 
 

 
 

Fig. 3.10. Adding the input data 

 

Then press the button Proceed. 

In the third step, we perform the visualization of the map. Fill the necessary 

information in three basic tabs: 
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 Refine (specify) the color gamut, customize the tooltips, map labels, 

map key (legend) (Fig. 3.11). 

 
 

Fig. 3.11. Choosing the design characteristics 

 

 Annotate (give the title name, description, note, data source, link to 

the data source, byline, and highlight the most important elements (optional)) 

(Fig. 3.12). 
 

 
 

Fig. 3.12. Filling the annotation 

 

 Design (Select layout, Output locale (defines decimal and thousand 

separators as well as translation of month and weekday names), Social Sharing) 

(Fig. 3.13). 
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Fig. 3.13. Choosing the design layout 

 

In the last, fourth step, we store the results of the cartography (Fig. 3.14). 

To share or embed your map you need to publish it. It will only be visible to 

people who know the map URL. Also you can Publish, Export or Duplicate 

the map. 
 

 
 

Fig. 3.14. Choosing the way of sharing your map 

 

The best and easiest way to use a Datawrapper map is to embed it directly 

into your website or CMS. You can also upgrade your account to download 

your map as an image or PDF file to use it in different contexts. 

Now the finished map of the distribution of the population of the regions 

of Ukraine in terms of income for 2016 is available by the reference 

//datawrapper.dwcdn.net/6J5lL/1/ (Fig. 3.15). 

https://datawrapper.dwcdn.net/6J5lL/1/
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Fig. 3.15. The result of cartography 
 

The map constructed with the help of the second type Symbol map will 

have the following form https://datawrapper.dwcdn.net/1x1Ex/1/ (Fig. 3.16). 
 

 
 

Fig. 3.16. The symbol map of incomes of the population of Ukraine 

 

We can also build locator maps using the same algorithm as for the other 

two types: 

To create a locator map, go to datawrapper.de and click on the New Map 

and then the Locator Map. This will open the locator map creation pipeline. 

Four steps will lead you to your result: 1. Add markers. 2. Design map. 3. Annotate. 

4. Publish. 

https://datawrapper.dwcdn.net/1x1Ex/1/
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The editor steps follow the three basic elements that a locator map is made 

of: the symbols and texts, which we call "markers"; the map where the markers 

are added to; and finally the annotations on top and below the map (Fig. 3.17). 
 

 
 

Fig. 3.17. The basic elements of the locator map 

 

Step 1. Add markers to the map (Fig. 3.18 – 3.19). 

Markers are the symbols, lines, areas or/and the text that you add on top 

of the map. The position of every marker is fixed to a map position: if you move 

the map view, the markers will move along with it. You have a wide range of 

options for customizing the markers. 

While you're adding markers you will also start to adjust the map view. 

You can pan and zoom the view, but also rotate and even tilt the view angle. 

This is something you can do in all three steps. 
 

 
 

Fig. 3.18. Adding markers to the map 
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Fig. 3.19. The result of adding markers to the map 

 

Step 2. Design the map and add extras (Fig. 3.20). 
 

 
 

Fig. 3.20. Choosing the map styles 
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In this step, you can change how the map under your markers looks like. 

We offer four different map styles and you can toggle individual layers on or off 

(e.g. roads or water). 

We also offer four extras that you can add to your map: a scale bar, a north 

arrow, an inset map, and a highlight region. 

Step 3. Annotate the map and add a map key (Fig. 3.21). 

 

 

 

Fig. 3.21. Filling the annotation of the map 

 

Finally, you can give your map a title and description, add notes below 

the map, give credit to a source, and set your byline. If you want to add more 

text to the places you marked on the map, you can use the special map key 

option. 

The last step is to publish your locator map. You can embed your map 

in your website for free with Datawrapper. 

 

Tasks for independent work 

 

According to the selected research topic, build three maps, using all types 

(Choropleth, Symbol and Locator Maps) of the cartography from Datawrapper. 

The results of the assignments should be presented in the form of a report 

on the laboratory work. 
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The list of questions for independent work 

 

1. Describe the current toolbase of business analytics. 

2. How is the source of information reviewed? 

3. Name the criteria for choosing the sources of information. 

4. Describe the processes of planning, collecting and preparing data for 

visualization. 

5. What are the main mistakes of a business analyst when rendering 

data? 

6. Name the basic methods of processing the digital information. 

7. Describe the analytical methods of data processing. 

8. Describe the expert methods of data processing. 

9. Compare the advantages and disadvantages of using analytical and 

expert methods for processing the digital information. 

10. Name the main reasons that lead to inaccurate expert assessments. 

 

Test questions for self-assessment on topic 3 

 

1. Reporting is one of the data collection methods: 

a) yes; 

b) no. 

 

2. What type of data collection methods is more appropriate for more 

complex questions: 

a) interviews; 

b) questionnaires? 

 

3. What type of interview needs to be interpreted and analysed even during 

the interview: 

a) open-ended; 

b) structured? 

 

4. Such method of data collection as registry implies: 

a) only new records; 

b) new records and indication that a particular record is inactive or some 

record changes in operations. 
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5. Questionnaires refer to the forms filled in: 

a) by respondents alone; 

b) by the enumerator, who poses questions directly. 

 

6. Socio-economic data can be obtained through questionnaires and, in all 

cases, variables obtained are:  

a) an opinion;  

b) a direct measurement. 

 

7. In practice, observers:  

a) only make direct observations; 

b) might be involved in data processing and analysis; 

c) do not conduct interviews and surveys using questionnaires. 

 

8. The household data can be collected by: 

a) reporting; 

b) registration; 

c) questionnaires and interviews. 

 

9. Trade data should be collected from such sources as: 

a) support industry; 

b) consumers; 

c) government-related agencies and institutions. 

 

10. What resource includes the database "Fisheries and aquaculture": 

a) http://unctad.org;    

b) http://www.fao.org; 

c) http://www.oecd.org? 

 

Topic 4. The basics of business analytics. The basic  

methods for processing the digital information 

 

Laboratory work 4 

 

The purpose is to get acquainted with the basics of business analysis, get 

practical knowledge about the possibilities of using the analytical and expert 

methods of data fragmentation. 
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The task is to learn how to apply analytical methods of processing the 

digital information in accordance with available data and to master the basics 

of visualization of digital information. 

 

Guidelines 

 

In research, analytical methods are often used, with the help of which one 

can establish a mathematical relationship between the parameters of the subject 

being studied. These methods provide deep and comprehensive study of the 

processes under investigation, establish accurate quantitative relationships 

between arguments and functions, and help deeply analyze the phenomena 

being investigated. In practice, analytical methods of research are presented by 

a wide range of analytical tools, including correlation and regression analysis, 

factor and cluster analysis, discriminatory analysis, etc. In more detail, you get 

acquainted with the above methods in the course "Statistical Thinking about 

the Science of Data". 

As part of this lab work we will dwell on other methods of data processing. 

 

4.1. Data grouping. 

Grouping is partitioning (dividing) data sets into groups according to 

a certain sign (feature, characteristics). 

Let's consider the method of grouping based on the following example: 

we have data on foreign trade of Ukraine (exports) with EU countries in 2018 

(Table 4.1). 

Table 4.1 

The input data 

 

Country name Export, thousand dollars USA 

1 2 

Austria 361 323,9 

Belgium 251 541,9 

Bulgaria 418 193,3 

The United Kingdom 317 792,1 

Greece 159 123,2 

Denmark 155 453,9 

Estonia 98 048,2 

Ireland 45 483,9 
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Table 4.1 (the end) 

 

1 2 

Spain 1 004 547,4 

Italy 1 929 575,6 

Cyprus 53 481,4 

Latvia 138 155,3 

Lithuania 258 222,5 

Luxemburg 5 087,0 

Malta 7 746,0 

The Netherlands 995 322,6 

Germany 1 423 735,2 

Poland 2 200 010,1 

Portugal 228 126,0 

Romania 716 981,4 

Slovakia 471 362,6 

Slovenia 16 758,2 

Hungary 1 053 084,2 

Finland 62 355,7 

France 453 674,3 

Croatia 39 065,9 

The Czech Republic 560 756,1 

Sweden 71 275,4 

 

Grouping of statistical data should be performed in the mode Histogram, 

Data Analysis add-in in the package MS Excel. The mode Histogram is used to 

calculate the frequency of contact data in the specified boundaries of intervals, 

and to build the histogram of the interval variation distribution range (Fig. 4.1). 

 

 

 

Fig. 4.1. Choosing the mode Histogram in the package MS Excel 
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The dialog box of this mode assumes the following parameters: 

1.  The input range, i.e. the location of the input data on your worksheet 

(only numeric data).  

2. The bin range (an optional parameter), i.e. entering a link to the cells 

containing a set of limits that define the intervals (pocket). These values must be 

entered in the ascending order. In Microsoft Excel the number of intervals is 

calculated based on the data. The limits of intervals have a strict lower limit and 

a non-strict upper limit. If the bin range was not entered, then a set of intervals 

evenly distributed between the minimum and maximum values of the data will be 

generated automatically. 

3.  Labels, which are set in an active state if the first row (column) in the 

input range contains titles. If there are no titles, the checkbox should be deactiv-

ated. In this case, standard names for the output range will be automatically 

created. 

4.  Output range / New worksheet / New Workbook activates the field where 

the link to the upper-left cell of the output range should be entered. The output 

range is automatically detected and a message appears in case of the possible 

imposition of the original range to the output range. 

5.  A pareto (a sorted histogram) is set in an active state to represent the 

data in the descending order of frequency. If it is unchecked, the data in the 

output range will be listed in the order of intervals. 

6. Cumulative percentage is set in an active state to calculate the per-

centage of accumulated frequencies and include the graph of accumulated 

frequencies in the histogram. Table 4.2 explains the calculation of the cumulated 

frequencies. Cumulative percentage is calculated based on the frequency (see 

Table 4.2, the "Frequencies" column). Each value of the cumulative frequency 

is divided by the maximum accumulated value. The result is relative frequency 

expressed in fractions of a unit. After the transformation to a percentage format 

the final result is obtained. 

7.  The Chart output is set in the active state for automatic building of an 

embedded chart on a worksheet containing the input range. 

We need to construct a histogram and accumulated frequencies in the 

histogram, also visualize the results of grouping. In order to solve the task, the 

Histogram mode could be used. The parameters in the dialog box Histogram are 

shown in Fig. 4.2. 



64 

 
 

Fig. 4.2. Defining the parameters in the Histogram mode 
 

The frequencies and the cumulative percentage are presented in Table 4.2.  
 

Table 4.2 

The frequencies and the cumulative percentage 
 

Bin Frequencies Cumulative % 

5 087.04213 1 3.70 % 

444 071.6503 16 62.96 % 

883 056.2584 4 77.78 % 

1 322 040.867 3 88.89 % 

1 761 025.475 1 92.59 % 

More 2 100.00 % 

 

So, we can see uneven export-based distribution: Ukraine exports from 

5 087.04 thou to 444 071.65 thou worth of products from 16 countries. This means 

that Ukraine has the largest export volume of up to 45 thousand US dollars. The 

histogram of the constructed and accumulated frequencies is shown in Fig. 4.3. 
 

 
 

Fig. 4.3. Visualization of the analysis results 
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In conclusion, we can say that all the countries of the European Union, 

from which Ukraine exports its products, can be divided into 5 groups. At the 

same time, the maximum volume of exports falls to Poland and Italy, and the 

minimum – to Luxembourg. On the whole, exports are at a low level, which 

means that the Ukrainian government should reform its foreign economic policy 

and strengthen promotion (marketing), improve the quality and competitiveness 

of the product inventory in the markets of Europe. 

 

4.2. Time series analysis. 

Time series apply to studying of change of the phenomena in time. 

The analysis of speed and intensity of the phenomenon in time is carried 

out by means of statistical indicators received as a result of comparison of levels. 

The compared level is called actual, and the level to which the comparison 

is made is basic. There are chain and basic indicators of the change of levels 

of a time series, and an average characteristic of the rows of dynamics.  

If the base of comparison is the previous period, it is called a variable, and 

the received characteristics are called a chain. If the base of comparison is the 

initial level, it is called a constant, and the received characteristics are called 

basic. 

The absolute increase shows how much the studied indicator changed 

in comparison with the previous (4.1) or basic period of time (4.2): 
 

,YYΔ 0iВ   (4.1) 

 

,YYΔ 1iiС   (4.2) 

where y0 is the base level of the time series;  

 yi  is the actual level of the time series;  

уі – 1 is the previous level of the row. 

 

The growth rate shows by how many times the studied indicator changed 

in comparison with the previous period of time (4.3) or with the basic period of 

time (4.4): 
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The rate of increase shows the percentage of change of the studied 

indicator in comparison with the previous period of time or with the basic period 

of time (4.5): 
 

100GrRi   (4.5) 

 

The absolute value of one percent of an increase A % shows how 

many absolute units are contained in 1 % of the increase (4.6): 
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Let's consider an example. We have some data on the amount of invest-

ment in the sector on a yearly basis (Table 4.3).  
 

Table 4.3 

The volume of investments in the sector 
 

Years 2010 2013 2014 2015 2016 2017 

The volume of investments in the 

sector, thou UAH 
365.00 374.00 381.00 396.00 405.00 380.00 

 

It is necessary to calculate all the parameters of the dynamic series (the 

base of comparison is 2010), the average annual growth rate and increase rate 

for the following periods: 1) 2010 ‒ 2013; 2) 2013 ‒ 2017 and 3) 2010 ‒ 2017. 

Let's create a file "Time series analysis" (Fig. 4.4). In column A and 

column B of sheet 1, the source data columns will be ("Years" and "The volume 

of investments into the sector, thou UAH" respectively).  
 

 
Fig. 4.4. Creating the table with input data 
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1. In order to define the absolute increase: 

 enter the formula  B4 – $B$3 in the cell C4. Apply this formula to the 

entire column; 

 enter the formula  B5 – B4 in the cell D5 (for 2013 it is impossible to 

calculate the absolute increase in the chain manner, because there is no previous 

period, i.e. 2012) and also apply the formula to the entire column. 

The results are presented in Fig. 4.5. 
 

 
 

Fig. 4.5. The results of the absolute growth rates calculations 

 

2. In order to define the growth rate: 

 enter the formula  B4/$B$3  100 in the cell E4. Apply this formula 

to the entire column; 

 enter the formula  B5/B4  100 in the cell F5 (for 2013, the growth 

rate as an absolute increase, cannot be calculated by the chain method, because 

there is no previous period, i.e. 2012) and also apply the formula to the entire 

column. 

3. To define the rate of increase (1 % increase rate): 

 enter the formula  E4 – 100 in the cell G4. Apply this formula to the 

entire column; 

 enter the formula  F5 – 100 in the cell H5 and also apply the formula 

to the entire column. 

4. To define the absolute value of 1 % of the increase: 

enter the formula  B4/100 in the cell I5. Apply this formula to the entire 

column. 

The calculation results are given in Fig. 4.6. 
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Fig. 4.6. The results of the growth rate and increase rate calculations 

 

5. Let's define the average dynamics parameters. 

5.1. The average level of the series is determined in the following way. 

Since we have a number of missed levels, it is expedient to calculate the average 

level of series for the period of 2013 ‒ 2017, i.e. to select the built-in aggregate 

function AVERAGE in the cell B10. 

5.2. To calculate the average absolute growth rate, enter the formula 

 (B8 – B3)/8 in the cell B11. 

5.3. The average growth rate is calculated as follows: 

1. For 2010 – 2013 one should enter the formula  (B4/B3)^(1/3) in the 

cell B14. 

2. For 2013 – 2017: 

the basic method is to enter the formula  (B8/B4)^(1/4) in the cell B16; 

the chain method is to enter the formula  ((F5/100)  (F6/100)  

 (F7/100)  (F8/100))^(1/4) in the cell B17. 

3. For 2010 – 2017: 

the basic method is to enter the formula  (B8/B3)^(1/7) in the cell B19; 

the chain method of the weighted geometric mean formula is to enter 

the formula  ((B14)^3  (B16)^4)^(1/7) in the cell B20. 

5.4. The average increase rate is calculated in the following way: 

1. For 2010 – 2013 one should enter the formula C14  (B14 – 1)  100 

into the cell. 

2. For 2013 – 2017 one should enter the formula  (B16 – 1)  100 into 

the cell C16. 

3. For 2010 – 2017 one should enter the formula  (B20 – 1)  100 into 

the cell C20. 

The results of the calculations of the average values are shown in Fig. 4.7. 
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Fig. 4.7. The results of determining the average dynamics 

 

Thus, during the period of 2010 ‒ 2016 a steady growth in investment was 

observed, but in 2017 the volume of investments decreased in comparison with 

2016 by 25 thousand UAH (compared to 2010 it increased by 15 thousand UAH). 

The growth rate in 2017, calculated by the basic method was 104.11 %, i.e. the 

increase in the output was 4.11 %. The chain increase rate showed a decrease 

in the volume of production in comparison with 2016 by 6.17 %. 1 % growth rate 

in 2017 was equal to 405 UAH. In the period of 2010 – 2017, the investment 

increased annually by an average of 1.875 UAH, i.e. 0.58 %. The average 

investment in the period of 2013 – 2017 was 387.2 thousand UAH. In the period 

from 2010 to 2013 the investment was growing on average by 0.82 %, from 2013 

to 2017 – by 0.4 %. 

 

4.3. Analysis of development trends (extrapolation). 

In theory and practice, in the process of forecasting financial indicators, 

quite often the extrapolation methodology is used, in which, conclusions about 

the value of predictive indicators in future periods are made on the basis of 

studying their dynamics in the previous periods. A necessary element in this 

case is the construction and analysis of the so-called series of dynamics, which 

classifies the values of time indices in the context of individual periods and 

describes the dynamics of their development. We emphasize that the analysis 



70 

of a number of dynamics of a separate indicator, for example, proceeds from 

the sale of products, is purely descriptive and does not explain the reasons for 

certain changes in the trend. 

Extrapolation methods are used for the relatively stable development of 

the enterprise (or individual indicators of its activity) or in the presence of 

seasonal or cyclical fluctuations with a clearly defined trend. A trend is a long-

term tendency of changes in economic indicators in economic forecasting. If 

the development of indicators of financial and economic activity of the enterprise 

in previous periods is characterized by significant instability and significant 

fluctuations of financial indicators, then their extrapolation for future periods 

will be impossible, and therefore, it is inappropriate to use such methods. 

Perform extrapolation in MS Excel: 

We have data on the gross domestic product (GDP) for 2006 – 2017 

(Table 4.4) of a particular country. It is necessary to determine the forecast value 

of the GDP in 2018 by means of analytical alignment. 
 

Table 4.4 

The GDP volume for 2006 – 2017 
 

Years 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

The GDP, 

billion UAH 

190 210 200 220 240 230 220 240 260 260 270 280 

 

On page 1 of the Excel workbook, the column A – B will be columns of 

output data (Fig. 4.8).  

 
 

Fig. 4.8. The input data in the Excel workbook 
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To construct a trend line, you need to build a graph of the output, select 

a time series and select the Add Trend Line command from the context menu 

(Fig. 4.9). 
 

 
 

Fig. 4.9. Visualization of the input data and the command  

Add Trend Line 
 

After choosing the command, a dialog will open, in which we choose the 

type and parameters of the trend construction (Fig. 4.10). 
 

 
 

Fig. 4.10. Choosing the parameters of the Trend Line 

 

The result of constructing a linear trend is shown in Fig. 4.11. 
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Fig. 4.11. The result of adding the Trend Line 
 

Thus, the equation of the straight line has the form:  

Y  186.36  7.44825  t. 

The GDP in 2017 can be calculated by means of: 

1. Point forecast, using the equation of the straight line, where t is a con-

ditional indicator of the time at which the forecast will be constructed. That is, 

the volume of the GDP in 2017 is expected at the level: 

Y  186.36  7.44825  t; 

t  13;  

Y  283.63 billion UAH. 

2. Using the standard ПРЕДСКАЗ (FORECAST) function. After selecting 

this function, a dialog opens in which we set the parameters (Fig. 4.12, 4.13). 

 
 

Fig. 4.12. Choosing the function ПРЕДСКАЗ 

y = 7,4825x + 186,36 
R² = 0,8996 

0

50

100

150

200

250

300

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

The GDP, billion UAH 

The GDP, billion
UAH
Линейная (The 
GDP, billion UAH) 



73 

 
 

Fig. 4.13. Choosing the parameters of the function ПРЕДСКАЗ 
 

The results of the predicted value are shown in Fig. 4.14. 
 

 
 

Fig. 4.14. The window of the results 
 

3. Using the standard ТЕНДЕНЦИЯ (TREND) function. After selecting 

this function, a dialog opens, in which we set the parameters (Fig. 4.15, 4.16). 
 

 
 

Fig. 4.15. Choosing the function ТЕНДЕНЦИЯ 
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Fig. 4.16. Choosing the parameters of the function ТЕНДЕНЦИЯ  

 

The results of the predicted value using the TREND function are shown 

in Fig. 4.17. 

 

 
 

Fig. 4.17. The window of the results 

 

As you can see, the use of three different methods produced the same 

results to be obtained graphically in Fig. 4.18. 
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Fig. 4.18. Visualization of the analysis results 

 

In conclusion, it is expedient to note that the GDP of this country has 

a positive tendency to increase. 

 

4.4. The expert methods and the integral assessment method (the 

developmental level method). 

Expert assessment methods are part of a broad field of decision theory, 

and expert evaluation is the procedure for obtaining an assessment of a problem 

based on the opinions of experts with a view to the subsequent decision (choice). 

In cases of extreme complexity of the problem, its novelty, lack of available 

information, impossibility of mathematical formalization of the decision process, 

one must turn to the recommendations of competent experts who are well aware 

of the problem. Their solution to the problem, the argumentation, the formation 

of quantitative estimates, the processing of the latter by formal methods have 

been called the method of expert assessments. 

There are two groups of peer reviews: 

1. Individual assessments based on the use of the opinions of individual 

experts, independent of each other. 

2. Collective assessments based on the use of the collective opinion of 

experts. 

The methods for measuring objects are as follows. 

Ranking is the arrangement of objects in order of increase or decrease 

of any inherent property. Ranking allows you to select the most significant of 

the studied set of factors. 
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A paired comparison is the establishment of a preference for objects 

when all possible pairs are compared. Here it is not necessary, as in the ranking, 

to arrange all objects, it is necessary, in each of the pairs, to identify a more 

significant object or establish their equality. 

Immediate evaluation. It is often desirable not only to order (rank the 

objects of analysis), but also to determine how much one factor is more sig-

nificant than others. In this case, the range of the characteristics of the object is 

divided into separate intervals, each of which is assigned a certain score, for 

example, from 0 to 10. That is why the method of direct evaluation is sometimes 

also called the point method. 

Ranking of economic objects by different methods has been carried out 

in the following example. It is necessary to evaluate and analyze the level of 

economic security of Ukraine. The objects of the research are 15 countries of 

the world. The input data of the study are shown in Table 4.5. It is evident from 

the table, that for 15 countries, the values of the selected five energy security 

indicators are diverse: the share of the dominant fuel resource in the consumption 

of fuel and energy resources, % (Х1); the energy intensity of the GDP, kg of 

conditional fuel / UAH (Х2); the volume of coal production, million tons (Х3); 

the share of own sources in the balance of fuel and energy resources of the 

state, % (Х4) and the degree of supply of fuel and energy resources (Х5). 
 

Table 4.5 

The significance of the energy security indicators 
 

Countries Х1 Х2 Х3 Х4 Х5 

Austria 0.513 8.14 28.086 0.658 1.23 

Belgium 0.441 11.184 46.61 0.423 1.2 

Bulgaria 0.391 67.683 473.8 0.728 0.629 

Finland 0.66 13.741 0 0.645 1.181 

France 0.598 7.579 6.851 0.746 0.569 

Germany 0.426 9.359 2 922.118 0.672 1 

Italy 0.422 9.181 4.466 0.527 1.333 

Poland 0.447 27.106 6 933.373 1.058 1.03 

Spain 0.494 10.292 4 295.369 0.618 0.924 

Sweden 0.828 8.865 0 0.909 0.948 

Switzerland 0.695 4.622 0 0.755 0.952 

The UK 0.39 7.828 1 005.633 1.954 2.16 

Belorussia 0.603 80.723 0 0.521 1.343 

Russia 0.562 121.363 3 960.709 2.9 2.942 

Ukraine 0,541 179.236 2 740.338 0.676 1.077 
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Determine the ranking of countries based on the indicator of energy 

intensity of the GDP (X2) and build their ranking. 

Ranking is a list of any objects (such as companies, countries, people, 

etc.) that can be arranged by any of the available scorecards. Unlike the rating, 

this is not a fixed form or method of calculation, and a database to get all the 

interesting options for ranking the original list. A distinctive feature of ranking 

is the objectivity, the independence of the result, and the ability to reverse the 

source list for an interesting ranking. 

Differentiation of the values of the matrix of observations must be divided 

into stimulants and destimulants. The basis for such a distribution is the nature 

of the impact of each of them on the object being analyzed. Signs that positively 

affect the overall level of development of the object are called stimulants, and 

signs that inhibit development are called destimulants. 

To do this, sorting the indicators by the X2 column is carried out as a sign 

of growth. Proceeding from the fact that the selected indicator is a non-stimulator, 

the ranked position 1 is given to the country with the lowest value of the indicator 

(Fig. 4.19). 
 

 
 

Fig. 4.19. Sorting the indicators by the X2 column 

 

The result of the sorting are presented in Table 4.6. 
 

Table 4.6 

The ranking of countries based on the indicator of energy intensity  

of the GDP 
 

No. Countries Х1 Х2 Х3 Х4 Х5 

1 2 3 4 5 6 7 

1 Switzerland 0.695 4.622 0 0.755 0.952 

2 France 0.598 7.579 6.851 0.746 0.569 

3 The UK 0.39 7.828 1005.633 1.954 2.16 



78 

Table 4.6 (the end) 

 

1 2 3 4 5 6 7 

4 Austria 0.513 8.14 28.086 0.658 1.23 

5 Sweden 0.828 8.865 0 0.909 0.948 

6 Italy 0.422 9.181 4.466 0.527 1.333 

7 Germany 0.426 9.359 2922.118 0.672 1 

8 Spain 0.494 10.292 4295.369 0.618 0.924 

9 Belgium 0.441 11.184 46.61 0.423 1.2 

10 Finland 0.66 13.741 0 0.645 1.181 

11 Poland 0.447 27.106 6933.373 1.058 1.03 

12 Bulgaria 0.391 67.683 473.8 0.728 0.629 

13 Belorussia 0.603 80.723 0 0.521 1.343 

14 Russia 0.562 121.363 3960.709 2.9 2.942 

15 Ukraine 0.541 179.236 2740.338 0.676 1.077 

 

The taxonomy method (the general indicator of the level of 

development). 

The first stage of the taxonomy method is standardization of signs. 

Standardization of the matrix of the output data is carried out according to the 

formulas 4.7 – 4.9: 
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where jx  is the arithmetic average value of j;  

jS  is standard deviation of the indicator j. 

 

Preliminary calculations are carried with the use of the standard functions 

of the СРЗНАЧ (AVERAGE) and СТАНДАРТОТКЛ (STDEV), as shown in 

the Fig. 4.20. 
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Fig. 4.20. Finding of the functions AVERAGE and STDEV 
 

After the calculation of the mean values and the standard deviation for 

each of the factors, a standardized matrix is calculated (Fig. 4.21). 
 

 
Fig. 4.21. The standardized matrix 
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1. Building a developmental model (etalon) involves the differentiation 

of a subset of stimulants and destimulants. Among the following indicators, 

the stimulants are: the share of own sources in the balance of fuel and energy 

resources of the state (X4), the volume of coal production (X3), the degree 

of supply of fuel and energy resources (X5). The destimulants include: the 

share of the dominant fuel resource in the consumption of fuel and energy 

resources (X1), energy intensity of the GDP (X2). The division of indicators into 

two groups is carried out according to their economic content. 

The developmental standard has the following form (4.10): 
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where for stimulants is
i

i0 zmaxz  , if Is ; 

for destimulants is
t

i0 zminz  , if ,...,n)1(ss   I ; 

I is a set of stimulants. 

 

According to the division of indicators into stimulants and destimulants with 

the use of the standard functions MAX and MIN, the value of the developmental 

model was calculated (Fig. 4.22). 

 

 
 

Fig. 4.22. Defining the etalon 
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2. Calculation of distances between the observation points and the point-

etalon Z0 is carried out according to the following formula (4.11): 
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where Cio is the distance between the observation points and the point-etalon z0;  

zij is the value of the observation points;  

zoj is the point-etalon. 

 

The calculation allows us to form a matrix of distances (Fig. 4.23). 
 

 
 

Fig. 4.23. Defining the basic parameters of the matrix of distances 

 

3. Calculation of the taxonomic level of development (4.12 – 4.13): 
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Fig. 4.24 shows the calculations for the vector of the values of d*. 

 

 
 

Fig. 4.24. Defining the parameter d* 

 

In order for the indicator d* to take high values at higher values of 

stimulants and low values at low values of stimulants, it is converted to the 

form (Fig. 4.25) (4.14): 

o

io
i

c

c
1d  . (4.14) 

 

 
 

Fig. 4.25. Defining the taxonomic level of development 
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The results of the calculation are presented in Table 4.7 
 

Table 4.7 

The value of the general indicator of energy security 
 

Countries d 

Russia 0.606109 

The UK 0.553171 

Poland 0.426477 

Germany 0.325684 

Spain 0.324643 

Italy 0.263021 

Austria 0.258544 

Belgium 0.234586 

Finland 0.207969 

Belorussia 0.206134 

Bulgaria 0.19756 

Ukraine 0.18301 

Switzerland 0.180162 

France 0.162821 

Sweden 0.129641 

 

As can be seen from Table 4.7, Ukraine's indicator of energy security is 

not the worst among the selected countries, but it is an outsider. Countries 

with lower energy security do not extract coal, or extract it in small quantities. 

That is, it can be concluded that Ukraine does not use its resources efficiently 

with sufficiently high own reserves of energy resources, which is confirmed by 

the fact that Ukraine has the worst indicator of energy intensity of the GDP 

among the European countries. 
 

Application of the additive method when the total rating of the object is 

expressed by the total sum of all elements of the line. It is possible to use weight 

coefficients for each column, which characterizes the significance of the ranking 

on this basis. The final rating number is calculated based on formula 4.15: 
 

 


n

1i
ijii RαR , (4.15) 

where Ri is the final rating;  

Rij is the individual rating of the objects of observation;  

iα  is the weighted coefficient determined by the expert method. 
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For each of the indicators it is necessary to set the rating (Table 4.8). 

The procedure is appropriate to the calculations performed in Fig. 4.6. 
 

Table 4.8 

The rating score for each of the indicators of the energy security 
 

No. Countries Х1 Х2 Х3 Х4 Х5 

1 Austria 8 4 9 10 5 

2 Belgium 5 3 8 15 6 

3 Belorussia 12 13 12 14 3 

4 Bulgaria 2 12 7 7 14 

5 Finland 13 10 13 11 7 

6 France 11 2 10 6 15 

7 Germany 4 7 4 9 10 

8 Italy 3 6 11 13 4 

9 Poland 6 11 1 3 9 

10 Russia 10 14 3 1 1 

11 Spain 7 8 2 12 13 

12 Sweden 15 5 14 4 12 

13 Switzerland 14 1 15 5 11 

14 The UK 1 3 6 2 2 

15 Ukraine 9 15 5 8 8 

 

The next step is to determine the weighting coefficients that are presented 

by the expert method. To determine the weighting factors, the ranking method 

is used. This method implies that each expert is asked to place the signs in 

the order of preference. One denotes the most important sign, number two 

follows it in the importance, etc. An expert survey is conducted based on the 

significance of each of the indicators. Five experts must distribute 15 points 

among 5 indicators. The obtained data on the significance of the feature for 

assessing the level of energy security are summarized in Table 4.9. 
 

Table 4.9 

The expert assessments 
 

 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 

Х1 1 2 1.5 1 2 

Х2 2.5 2 1.5 2.5 1 

Х3 2.5 2 3 2.5 3 

Х4 4 5 4.5 4.5 4 

Х5 5 4 4.5 4.5 5 
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Before summarizing the views of experts, we will check them for consis-

tency, which is a prerequisite for the quality of the evaluations. The consistency 

of expert opinions will be checked using the coefficient of rank correlation of 

Kendall, Spearman and the coefficient of concordation in the Statistica 8.0 

package. 

In order to calculate the correlation coefficient of Kendall and Spearman, 

it is necessary to present the data in the format shown in Fig. 4.26. 

 

 
 

Fig. 4.26. The input data in the package Statistica 8.0 

 

In the Nonparametric Statistics module, choose the Correlation menu, 

which allows you to calculate the rank correlation coefficients. The figures 

show the procedure for calculating the Spearman rank correlation coefficient 

(Fig. 4.27 – 4.28). 

 

 
 

Fig. 4.27. Choosing the parameters in Statistica 8.0 
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Fig. 4.28. Choosing the parameters of the nonparametric correlation  

 

The matrix of the Kendall rank correlation coefficient is shown in Fig. 4.29. 

 

 
 

Fig. 4.29. The matrix of the Kendall rank correlation coefficient 
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The figure shows the Spearman rank correlation matrix from which it is 

evident that most experts have a coherent opinion about the research issues. 

To calculate the coefficient of concordation, you must present the data 

as shown in the Fig. 4.30. 
 

 
 

Fig. 4.30. Transformation of the input data 

 

Use the Nonparametric Statistics module to select the Comparing multiple 

dependent samples menu. Sample and proceed to Friedman's rank dispersion 

analysis and calculate the Kendall concordance coefficient (Fig. 4.31). 
 

 

 
 

Fig. 4.31. Choosing the parameters 
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Fig. 4.32 shows the results of calculating the Kendall concordance coef-

ficient and assessing its significance based on the criterion Х2. With a probability 

of 0.13 %, the coefficient of concordance is significant, that is, experts have 

a coherent opinion. 
 

 
 

Fig. 4.32. The results of calculation of the Kendall concordance 

coefficient 
 

Since the expert opinion is agreed, the results of the examination can 

be used for further calculations. 

With the help of the methods of mathematical statistics it is necessary to 

get a general opinion of experts. The average rank is determined, the mean 

statistical significance of the Sj j-th characteristic is calculated as follows (4.16): 
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, (4.16) 

where mkj is the number of evaluators of the j-th feature (mk ≤ m); 

i is the number of expert; i  1, ..., m; 

j is the sign number; j  1, 2, ..., n. 
 

The calculation results are shown in Table 4.10. 
 

Table 4.10 

Calculation of the average rank 
 

 
E1 E2 E3 E4 E5 

S (average 
value) 

i
α ( the proportion of 

the average rank) 

Х1 1 2 1.5 1 2 1.5 1.5/15 0.1 

Х2 2.5 2 1.5 2.5 1 1.9 0.1267 

Х3 2.5 2 3 2.5 3 2.6 1.733 

Х4 4 5 4.5 4.5 4 4.4 0.293 

Х5 5 4 4.5 4.5 5 4.6 0.307 

Sum      15  
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Using formula 4.15 for calculation of the overall rating in Fig. 4.33, the 

rating is calculated for each of the countries. 
 

 
 

Fig. 4.33. Estimation of the world rankings based on the level of energy 

security using expert assessments 
 

We construct a ranking of countries based on the level of energy secu-

rity (Table 4.11). 

Table 4.11 

The ranking of countries based on the level of energy security 
 

No. Countries R 

1 Poland 7.372 

2 Russia 8.577 

3 UK 12.08 

4 Spain 12.69 

5 Germany 13.93 

6 Ukraine 16.27 

7 Bulgaria 20.2 

8 Belgium 20.98 

9 Austria 21.37 

10 France 25.05 

11 Italy 25.16 

12 Belorussia 28.67 

13 Finland 30.47 

14 Sweden 31.25 

15 Switzerland 32.36 
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The analysis of the calculation of the ranking by the three methods has 

proved that the introduction of the weighting factors corresponding to the pre-

ferences of experts makes it possible to overcome the shortcomings of the first 

two methods and get a fairly adequate assessment of the situation. 

 

Tasks for independent work 

 

According to the selected research topic, use all the appropriate analytical 

methods to analyze the past, current and future situation. 

The results of the assignments should be presented in the form of a report 

on the laboratory work. 

 

The list of questions for independent work 

 

1. Name the main analytical methods of data processing. 

2. What expert data processing methods do you know? 

3. Name the basic methods of processing the digital information. 

4. Describe the analytical methods of data processing. 

5. Describe the expert methods of data processing. 

6. Compare the advantages and disadvantages of using the analytical 

and expert methods for processing the digital information. 

7. What are the main causes of inaccurate expert assessments? 

8. What software products are used to visualize digital information? 

9. List the shortcomings (limitations) in the application of expert methods. 

10. What are the features of the combination of analytical and expert 

methods? 

 

Test questions for self-assessment on topic 4 

 

1. Which module of Data Analysis in MS Excel is used for grouping of 

statistical data: 

a) Histogram; 

b) Regression; 

c) Descriptive statistics? 

 

2. The main indicators of time series analysis are: 

a) the absolute increase, the growth rate, the rate of increase; 

b) frequency, cumulative frequency. 
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3. How is the weight coefficient determined with the additive ranking 

method: 

a) by using Spearman's rank correlation coefficient; 

b) by using the average value of the indicator; 

c) by using the expert method? 

 

4. The Kendall's rank correlation coefficient is used to: 

a) standardize the values; 

b) determine the relationship between two rank variables. 

 

5. Which module of Statistics 8.0 package is used for determining Kendall's 

and Spearman's rank correlation: 

a) Multiple Regression; 

b) Nonparametrics? 

 

6. The correlation coefficient (r) can take values in the range: 

a) −1 ≤ r ≤ 1; 

b) −1 ≤ r ≤ 0; 

c) 0 ≤ r ≤ 1. 

 

7. The value of the correlation coefficient r  1 indicates: 

a) the strongest possible agreement; 

b) the strongest possible disagreement. 

 

8. For standardization of the initial data the following formula can be used: 

 

a) 
j
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9. What built-in features of Excel can be used to make a forecast: 

a) trend, prediction, trend line; 

b) trend line, trend, standardization; 

c) prediction, trend, extrapolation? 

 

10. What coefficient is used to determine the consistency of expert 

opinions: 

a) Kendall's coefficient; 

b) Pearson's coefficient; 

c) The coefficient of Spearman? 

 

 

 

Topic 5. Economic interpretation of visual analysis of data. 

Preparation of reports 

 

Laboratory work 5 

 

The purpose is to get acquainted with the rules of the preparation of the 

analytical report, to get knowledge about the structure and main elements of 

the analytical report. 

The task is to make an analytical report on the study of the chosen 

industry (sphere) of the economy or another research theme. 

 

Guidelines 

 

An analytical report is a document describing a thorough investigation of 

a particular issue. Firstly, it is a report on the work done to study and summarize 

the novelty experience, and secondly, it is an analytical report that involves 

primarily an analysis of the materials obtained as a result of the work performed 

rather than a list of what was done. 

An analytical report goes beyond just focusing on the result. This kind of 

report presents the results, analyzes the results, and provides a conclusion based 

on the results. The purpose of an analytical report is to suggest an option, an 

action plan, and a procedure. 

Analytical reports consist of technical business writing that typically 

communicates a solution to a problem. The reports contain well-documented 
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research, and they synthesize a plethora of information to draw informed 

conclusions. Although technical, they are crafted to be easy to access and 

understand, and they often include visualization, analysis, recommendations 

and action plans. 

So let's take a closer look at what an analytical report is for. So, the 

functions of the analytical report are: 

1. Visibility. 

2. Analysis. 

3. Innovativeness. 

1. Visibility. Since the analytical report contains a huge number of graphs, 

charts and diagrams, one can judge its visibility. All information is in full view 

which allows you to make the right decision faster. 

2. Analysis. It turns out a little tautological function, but it is thanks to 

analytical reports that the analysis of the performance of a particular specialist 

or enterprise is carried out. With the worker everything is clear. 

If he improperly copes with his functions, he can be kicked out. But this 

happens rarely. As a rule, mistakes are made in his activities and in the organiza-

tion as a whole, which are later corrected. 

3. Innovativeness. Yes, innovation is appreciated in any company. And 

it is no wonder, since the introduction of something new in a large number of 

cases involves certain breakthroughs. Naturally, this does not always happen. 

Innovations should be introduced in the areas they are needed. Only in this case 

they make sense. And the analytical report allows you to clearly demonstrate 

what and how it works. 

The terms of the use of the analytical report are as follows: 

a) use in the process of collecting the material about the experience of 

different sources and methods of research, which allows you to obtain diverse 

material that requires the establishment of links and dependencies; 

b) insufficient evidence of the productivity of the generalized experience, 

which requires further in-depth study; 

c) insufficient scientific validity and explanation of the experience, according 

to the purposes of the research. The analytical report allows preserving the 

material's materiality and its openness for further research. 

Formatting the report. While analytical reports may vary slightly based 

on the need and audience, they often share common elements: a title page, 

a table of contents, an introduction, a methodology section, body sections, 

conclusions and recommendations, a bibliography, and an appendices section. 
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Each section is noted by a heading, and subheadings are used when neces-

sary. Most analytical reports follow scientific style. 

An analytical report is written in strict scientific language. Tables, graphs, 

schemes are used in it, which is not only a means of presenting and describing 

the experience, but also a means of analyzing it and demonstrating the effective-

ness of the results. 

In the analytical report, the main thing is to choose the type of analysis 

of the material collected in the study of the experiment. It can be comparative, 

problematic, critical, correlational, systemic and other types of analysis. 

Gathering the information. Writing analytical reports goes beyond descriptive 

writing toward synthesis and critique. To achieve this end, begin by collecting 

data and gathering resources. The research process should produce sufficient 

information so that you feel comfortable with all aspects of the concept: the pros 

and cons, counter arguments, and proposals. Quality research will enable you 

to analyze the information and put forth quality recommendations and solutions 

to problems. Research should be compiled from high-quality, industry-relevant 

sources. 

Organizing, analyzing, synthesizing. After collecting the appropriate 

research, synthesize the information. Synthesis involves critiquing a source's 

argument, validity or methodology based on your own research and findings 

in an effort to present new information, draw conclusions, or present findings. 

Report information accurately and in context. Synthesized research should 

result in clear and logical findings, with recommendations if called for. In this 

stage, you should also determine how to organize and present the informa-

tion: chronologically, geographically, spatially, categorically, or by importance 

or comparison. 

Conclusions and recommendations. Once the data has been collected, 

the information has been processed, and conclusions have been drawn, the 

composition process begins. While the bulk of the report will present and 

analyze your findings, most reports focus on one of three elements: conclusions, 

an argument's logic, or recommendations. 

 

Guidelines on the structure of the report 

 

A single analytical report structure includes:  

 a title page, 

 a table of contents, 
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 an introduction, 

 a methodology section, 

 body sections, 

 conclusions and recommendations, 

 a bibliography, 

 an appendices section. 

Each section should contain a headline, a subhead and text. All pages 

should be numbered. Seems like this is not much, but let us take a closer look 

at each point. 

Title page. Here you should put topic details of your research and all 

authors' names. It is a front page, a so-called "face" of your work.  

Table of content. Arrange report's structure marking section names 

together with page numbers where they start. 

Introduction. Here is where real work starts. Here authors have to state 

urgency of the research, reasons for choosing their topics, the main aims, the 

methods they used for investigations. Do not forget to analyze all sources that 

were used for your report. 

Methodology section. Describe the methods you have used for getting 

the results. This section should not be too large, but it is good to mention the 

origins of all methods applied for the study. 

Body sections. This is the report itself. It should include several chapters. 

Each should be titled separately. The structure of the whole department should 

be logical and each subsection must be a continuation of the previous one. 

Mind your grammar and watch the sentence structure. It is wise to use 

short constructions to avoid bulkiness. Short messages are easier to understand 

and help avoid confusion with data. 

Conclusions and recommendations. Here the authors should put a final 

statement explaining the result of their work. Point the conclusions you have 

arrived to. 

Bibliography. This section should include all sources that were used for 

the report. Names of books, articles, other paper works, publishing years, 

authors' names, web addresses if permitted. 

Appendix. All attachments should go to the appendix. These are the 

materials you referred to in your body: all calculations, graphs, diagrams, large 

information blocks that clarify all research stages described in the paper. 
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How to write an effective analytical report 

 

The success of your analytical report is a combination of accurate content 

discussion, proper formatting, strong and appropriate recommendations and 

overall document development. That being said, here is how you can write an 

effective analytical report: 

• Gather the information that you need for your analytical report to be 

credible. The data that you have collected can greatly affect the effectiveness 

of the discussion that you will have. 

• Identify the resources that you can look into if you need to further list 

down details which are not identified in your initial information collection. 

• Assess the information that you have collected. If you want to have 

a thorough synthesis of this information, you have to use metrics that can 

identify the validity of the sources' claims, arguments, suggestions, and other 

findings. 

• Properly report the items that you have observed. Your analytical 

report must be based on the actual context of your gathered information. You 

have to be accurate when doing this as wrong information can affect the entire 

document. 

• Present the information in a way that it will be best used by the people 

to whom the report is for. You can either base the organization of content 

depending on the importance of the discussion, the outline example that you 

would like to achieve or the comparison that you would like to highlight. 

• Do not forget about data visualization. This is the most effective way 

to present information and present the results of the analysis. 

• Come up with an appealing and strong recommendation with the help 

of the conclusions that you have drawn. Your report should end in a way that 

stakeholders can be influenced to decide or look into the matter as to how 

you would like them to. 

 

Tasks for independent work 

 

According to the selected research topic, prepare an analytical report which 

must consist of a title page, a table of contents, an introduction, a methodology 

section, body sections, conclusions and recommendations, a bibliography and 

an appendices section. 

The results of the assignments should be presented in the form of an 

analytical report on the chosen research topic. 
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The list of questions for independent work 
 

1. Name the most common ways to visualize data. 

2. Name the basic methods and methods of processing the text and digital 

information. 

3. What is the essence and main stages of visualization of digital infor-

mation? 

4. List the properties of digital information. 

5. Name the features and difficulties that an analyst encounters when 

interpreting the results of a visual analysis of data. 

6. What are the features of economic interpretation of the results? 

7. What is an analytical report? 

8. What are the stages of the preparation of the analytical report? 

9. What major mistakes are made during the preparation of the analytical 

report? 

10. What visual effects may improve the visibility of the perception of the 

analytical report? 
 

Test questions for self-assessment on topic 5 
 

1. The economic interpretation of the research results is provided in: 

a) the conclusion; 

b) the introduction; 

c) the main part of the report. 
 

2. Infographics should not be used in: 

a) conclusions; 

b) subdivisions; 

c) appendices of the report. 
 

3. The form and method of presentation of the analytical report depends on: 

a) direct users; 

b) availability of special devices; 

c) limited presentation time. 
 

4. What is an analytical report: 

a) a document that describes a detailed study of a particular issue 

(problem); 

b) a report on the work done on the study and synthesis of innova-

tive experience; 
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c) a report that involves above all an analysis of the materials obtained 

as a result of the work performed rather than just a list of what was done; 

d) all answers mentioned? 

 

5. What is the nature of the presentation of the material of an analytical 

report: 

a) scientific; 

b) journalistic; 

c) arbitrary? 

 

6. What kind of analytical report is a portfolio report: 

a) a report of a political and practical nature; 

b) a corporate report; 

c) a monitoring and evaluation report; 

d) a report of the environment scan? 

 

7. What kind of analytical report is a progress report: 

a) a report of political and practical nature; 

b) a corporate report; 

c) a monitoring and evaluation report; 

d) a report of the environment scan? 

 

8. The functions of the analytical report include: 

a) monitoring, processing and presentation; 

b) visibility, analysis and innovation; 

c) analysis, synthesis and visibility. 

 

9. How many obligatory elements are included in the structure of the 

analytical report: 

a) 8: 

b) 7; 

c) 6? 

 

10. The final date of the preparation of a report is indicated in 

a) the conclusions; 

b) the cover sheet 

c) the last section of the report; 

d) the last appendices sheet. 
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