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Introduction

Data analysis is a science that studies important information and arrays
of a large amount of data. It combines statistical methods for analyzing data
using a number of IT technologies. The academic discipline offers a broad
approach to data analysis and data searching methods and application of these
methods to practice. It combines cutting-edge research and practice in related
fields and provides students with the knowledge and ability to initiate and
conduct data analysis that can turn company data into commercially valuable
information.

The academic discipline "The Fundamentals of Data Analysis" belongs
to the cycle of selective disciplines of the academic degree "Master" for students
of speciality 122 "Computer Science" of the educational and professional
program "Business Analytics and Information Systems in Entrepreneurship”
and aims to form student's basic competences to analyze, objectively evaluate
phenomena and processes, establish the dependence of the effective indicator
on a set of factors, identify the trends of changes in the phenomena under
study and predict and interpret the survey results and more.

Within the framework of laboratory workshops students are offered
modern methods and technologies that are used to analyze data in various
fields of activity.

Each laboratory work contains the purpose and tasks, as well as the
guidelines to help students perform the work.

In order to defend the laboratory work, students have to draw up an
individual report, which should contain the statement of the task, the printed
results of building a model with a complete description of each stage of
modeling and conclusions.

The table summarizes the professional competences that students
develop when studying the academic discipline "The Fundamentals of Data
Analysis".

Table
The professional competences acquired by students
when studying the academic discipline

Competence Learning outcomes
1 2
The ability to identify, interpret and | The ability to determine the object, the subject
analyze the needs of stakeholders | of the study of socio-economic phenomena and
of economic relations processes
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Table (the end)

2

The ability to form the information base of the
study

The ability to apply systemic thinking to
understand complex systemic behavior,
including interaction between the
constituent and other systems (social,
cultural, legislative, environmental,
business, etc.)

The ability to calculate the average and marginal
error of selective observation of socio-economic
systems under different selection schemes.

The ability to determine the sample size based
on the use of application packages

The ability to establish the regularity
of the behavior of economic objects
on the basis of the formation of
homogeneous groups

The ability to conduct primary and secondary
grouping of statistical information.

The ability to develop layouts of statistical tables.
The ability to group statistics using the MS Excel
add-in "Data Analysis"

The ability to identify quantitative and
qualitative characteristics of the course
of economic phenomena

The ability to perform calculations of average and
relative indicators in the study of socio-economic
systems.

The ability to analyze the intensity of dynamics,
identify the presence of trends in dynamic ranks
and predict socio-economic phenomena based
on the method of extrapolation.

The ability to distinguish seasonal characteristics
in the studied series of dynamics

The ability to form innovative
management decisions regarding the
development of economic processes
and objects

The ability to construct various forms of expression
of indices and assess their interconnection




Laboratory work 1
Formation of a representative sample

The purpose of the work is to master the skills in the work with the
MS Excel spreadsheet in the process of forming the information space
of research.

The task is, on the basis of the initial data presented on various official
sites, to study the basic methods of work with spreadsheets: the input and
editing of data, formatting, designing of tables.

Guidelines

In the process of formation of information space of research in Excel,
guite often it is necessary to carry out sampling based on a certain criterion
or on several criteria. You can do this in a variety of ways using a wide range
of tools, choosing from a number of options.

Formation of information space consists in the procedure of selecting,
from the total array, of data that satisfy the given conditions, and then
displaying them on a sheet on a separate list or in the output range.

There are several approaches to forming a research space:

Approach 1: applying an extended auto filter.

Approach 2: applying an array formula.

Approach 3: multiple criteria sampling using a formula.

Approach 4: random sampling.

Let's elaborate on each approach in more detail.

Approach 1: applying an extended auto filter.

The simplest way to make a selection is to use a special auto filter.
Consider how to do it in a specific example.

Highlight the area on the worksheet to be sampled. In the Home tab
(Fig. 1.1), click on the Sort and Filter button. It is placed in the Edit Settings
block. In the list that opens, click on the Filter button.
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Fig. 1.1. The Filter Options window

There is another way to customize Filter settings. To do this, after
highlighting the area on the worksheet, we move to the tab Data (Fig. 1.2).
Click on the Filter button, which is placed on the Ribbon in the Sort and Filter

group.
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Fig. 1.2. Data Insert
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The next step is to see the icons in the table header to start filtering in
the form of inverted edges down the small triangles on the right edge of the
cell. Click on this icon in the header of the column that we want to sample. In
the menu that opens, go to Text Filters. Next, select Custom Filter ... (Fig. 1.3).
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Fig. 1.3. The Custom Filter settings

After you have made the required settings, the Custom Filter window is
activated. It allows you to specify a limit on which the selection will be made.
The drop-down list for a column contains numeric format cells which we use
as an example. You can choose from five types of conditions:

is equal to;

not equal;

greater than or equal to;

less.

For example, we set the condition to select only values for which the
amount of revenue exceeds $10 000. Set the switch to the Greater position.
Enter the value "10 000" in the right field. Click the OK button to complete the
action (Fig. 1.4).
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Fig. 1.4. The Custom AutoFilter dialog box

After filtering, there are only lines in which the revenue exceeds $10 000.
The result of data filtering is shown in Fig. 1.5.
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Fig. 1.5. The result of data filtering

But in the same column, you can add a second condition. To do this, we
again return to the Custom Filter window. At the bottom of it there is another
condition switch and the corresponding input field. It is now necessary to set
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an upper selection limit of $15 000 (Fig. 1.6). To do this, put the switch in the
position "Less", and in the field to the right, enter the value "15 000".

In addition, there is also a condition switch. It has two positions — "AND"
and "OR". By default, it is set in the first position. This means that only rows
that satisfy both constraints will remain in the sample. If it is set to "OR", then
there will remain values that fit either of the two conditions. In our case it is
necessary to set the parameter "AND", that is, to leave this setting by default.
After all the values have been entered, click on the OK button.
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Fig. 1.6. The Custom AutoFilter dialog box

Now, in the table, there are only rows in which the amount of revenue is
not less than 10 000 rubles, but does not exceed 15 000 rubles. The result of
data filtering is shown in Fig. 1.7.
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Fig. 1.7. The result of data filtering
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You can also customize filters in other columns. It is also possible to
save the filtering and preconditions that were specified in the columns.

Let's select the cell filter in the date format. Click on the filter icon in the
corresponding column. There are multiple items in the Filter by date and
Custom Filter lists (Fig. 1.8).
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Fig. 1.8. The filter options selection window

The Custom AutoFilter window starts again. We will select the results in
the table from May 4 to May 6, 2016 inclusive. There are even more options
in the choice of conditions switch than for the numeric format. We select the
position After or equal. In the box to the right we set the date "04.05.2016".
In the lower block, set the switch to the "OR" position. In the right field enter
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the date "06.05.2016" (Fig. 1.9). The condition compatibility switch is left
in the default position — "AND". Click the OK button to filter the action.
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Fig. 1.9. The Custom AutoFilter dialog box

As a result, the list is further reduced. Now it leaves only lines in which
the amount of revenue varies from 10 000 to 15 000 USD for the period from
04.05.2016 to 06.05.2016 inclusive. The result of filtering based on the given
parameters is presented in Fig. 1.10.
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Fig. 1.10. The result of filtering based on the given parameters

When sampling, you can reset the filtering in one of the columns. For
example, let's do this for revenue values. Click on the autofilter icon in the
corresponding column. In the drop-down list, click on Delete filter (Fig. 1.11).
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Fig. 1.11. The Options dialog box

After these actions, the sample based on the amount of revenue will be
disabled, and only the selection in the date format will remain (from 04.05.2016
to 06.05.2016). The result of sample formation is shown in Fig. 1.12.
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Fig. 1.12. The result of filtering based on the given parameters
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This table has another column — "Name". It contains data in the text
format. Let's look at how to sample by filtering based on this value.

Click on the column name filter icon. Go through the names of the list
Text Filters and Custom Filter ... (Fig. 1.13).
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Fig. 1.13. The Custom Filter selection window

After selecting this filter, the Custom Autofilter window opens, which
requires you to specify the appropriate name parameters. For example, make
a sample using the names "Potatoes" and "Meat". In the first block, the
condition switch is set to ™. In the box to the right, enter the word "Potatoes".
The lower unit switch is also set to ™. In the box opposite make an entry —
"Meat" (Fig. 1.14).
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Fig. 1.14. The Custom AutoFilter dialog box

Then set the compatibility switch to the "OR" position. The line containing
any of these conditions will now be displayed. Click on the OK button.
The result of the generated sample is presented in Fig. 1.15.
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Fig. 1.15. The result of filtering based on the given parameters

As we can see from Fig. 1.15, in the new sample, there are restrictions
on the date (from 04.05.2016 to 06.05.2016) and the name (potatoes and
meat). There is no restriction on the amount of revenue.

You can completely remove the filter in the same ways that you used to
install it. No matter what method was used. To reset the filter, while in the
Data tab, click on the Filter button, which is located in the Sort and Filter
section.
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The second option is to go to the Home tab. There, click on the ribbon
on the Sort and Filter button in the Edit block. In the activated list, click on the
Filter button. Using either of the two methods above, the filtering will be
removed and the results of the sampling will be cleared. That is, the table will
show the entire array of data it owns.

Approach 2: applying an array formula.

You can also make a selection by applying a complex array formula.
Unlike the previous variant, this method involves displaying the result in
a separate table.

On the same sheet, we create an empty table with the same column
names in the header as the original (Fig. 1.16).
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Fig. 1.16. The incoming data

Select all the empty cells in the first column of the table. We place the
cursor in the formula row. This will include a sampling formula based on the
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specified criteria. We will select the rows with a revenue exceeding $15 000.
In our specific example, the introduced formula will look like this (Fig. 1.17):

= INDEX(A2:A29;LESS(IF(15000<= C2:C29;LINE(C2:C29);");LINE()-
LINE($C$1))-LINE($C$1)).
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Fig. 1.17. The data filtering options

In each case, the cell and range addresses will be different. In this
example, you can map the formula to the coordinates in the illustration and
adjust it to your needs.

Since this is an array formula, in order to apply it, you must press the
Enter button, and the keyboard shortcut Ctrl + Shift + Enter.

Selecting the second column with dates and placing the cursor in the
formula row, enter the following expression:

= INDEX(B2:B29;LOWER(IF(15000<=C2:C29;LINE(C2:C29);"");LINE()-
LINE($C$1))-LINE($C$1)).

We press Ctrl + Shift + Enter.
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Similarly, enter the following formula in the revenue column:

=INDEX(C2:C29;LOWER(IF(15000<=C2:C29;LINE(C2:C29);");LINE()-
LINE($C$1))-LINE($C$1)).

Again, press Ctrl + Shift + Enter.

In all three cases, only the first coordinate value changes, and for the
rest, the formulas are completely identical. The result of filtering based on
these parameters is presented in Fig. 1.18.
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Fig. 1.18. The result of filtering based on the given parameters

As you can see, the table is filled with data, but its appearance is not
quite attractive, in addition, the date values are filled in it incorrectly. We need
to correct these shortcomings. Date incorrectness is due to the fact that the
column cell format is general, and we need to set the date format. Highlight
the entire column, including the cells with errors, and right-click. In the list, go
to the item "Format cell ...".

In the Formatting window, open the Number tab. In the block Numeric
formats, we highlight the value "Date" (Fig. 1.19). In the right part of the
window you can select the desired date display type. Once the settings are
made, click on the OK button.
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Fig. 1.19. The dialog window for setting data selection options

The date is now displayed correctly. But, as you can see, the entire
bottom of the table is filled with cells that contain the false value "#
NUMBER!" In fact, these are the cells that did not have enough sampling
data. It would be more attractive if they appeared blank at all. For these
purposes, we use conditional formatting. Select all cells in the table except
the header. While in the Home tab, click the Conditional Formatting button in
the Styles toolbar. In the list, select "Create rule ...".

In the window, select the type of rule "Format only cells that contain”. In
the first box, under the format "Format only cells for which the following
condition is true", select Errors. Next, click the Format ... button (Fig. 1.20).
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Fig. 1.20. The Data Formatting Options dialog box
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In the formatting window that opens, go to the Font tab and select white
in the appropriate box. After these actions, click on the OK button. Click the
button with the same name after returning to the Create window.

After selecting all the necessary parameters, as a result, we will receive
the specified restrictions in a separate, properly designed table. The result of
such a sample is presented in Fig. 1.21.
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Fig. 1.21. The result of the generated sample with the necessary
restrictions

Approach 3: multiple criteria sampling using a formula.

Just like using a filter, you can use a formula to sample multiple criteria.
For example, take the entire source table, as well as an empty table where
the results will be displayed, with numeric and conditional formatting already
completed. First, set the lower limit on revenue selection at $15 000, and the
second condition — the upper limit at $20 000.
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When forming a sample under this approach, it is necessary to enter
the boundary conditions for the sample in a separate column.

As in the previous method, we in turn select the empty columns of the
table and write the corresponding three formulas in them. In the first column,
enter the following expression:

INDEX (A2:A29;LOWER(IF(($D$2=C2:C29);LINE(C2:C29);"");LINE
(C2:C29) -LINE($C$1))-LINE($C$1)).

In the following columns, enter exactly the same formulas, only changing
the coordinates immediately after the name of the INDEX operator on the
appropriate columns we need, by analogy with the previous method.

Every time you type, make sure you type Ctrl + Shift + Enter. The result
Is presented in Fig. 1.22.
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Fig. 1.22. The result of the generated sample

The advantage of this approach over the previous one is that if you
want to change the boundaries of the sample, you do not need to change
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the formula of the array, which in itself is quite problematic. It is enough in the
column of conditions on the sheet to change the limit numbers to those
that the user needs. The results of the selection will automatically change
immediately.

Approach 4: random sampling.

In Excel, you can also use random selection using the special RAND
formula. It needs to be done in some cases when dealing with a large amount
of data, when you want to present the big picture without comprehensive
analysis of all data in the array.

We skip one column to the left of the table. In the cell of the next
column opposite the first cell with the data of the table, enter the formula: =
RAND ().

This function displays a random number. To activate it, press the
ENTER button. The result is presented in Fig. 1.23.
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Fig. 1.23. The result of sampling
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To make an entire column of random numbers, place the cursor in the
bottom right corner of the cell that already contains the formula. A fill marker
appears. We drag it down with the left mouse button pressed parallel to the
data table up to the end.

The result is a range of cells filled with random numbers. However, it
contains the RAND formula. To work with values, you must copy to the empty
column on the right. We distinguish a range of cells with random numbers.
From the Home tab, click the Copy icon on the ribbon. Then select an empty
column and right-click on the context menu. In the Insert Options toolbar,
select the Value shown as a number icon.

After that, while in the Home tab, click on the Sort and Filter icon. In the
drop-down list, select Custom Sorting.

The Sorting Options window is activated (Fig. 1.24). Be sure to check
the box next to "My data contains headers" if there is a cap and there is no
tick. In the Sort by field, specify the name of the column that contains the
copied values of random numbers. In the Sort field we leave the default
settings. In the Order field, you can select the parameter Ascending and
Descending. For random sampling, this does not matter. Once the settings
are done, click on the OK button.

- s
CopTvpoexa i l ? &J
Oapametpel... | M| Mow aaHHEIE CONEPHAT 3ArONOBKN

Cronbey = CopTvpoBka Mopagok
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4| lofaeuTe ypoBeHs “ ¥ ¥Yaanus yposeHs “ -2 KonMpoBaTE yposeHs I

OK OTMeHa

Fig. 1.24. The Options dialog window

After that, all values of the table are constructed in order of increasing
or decreasing random numbers. You can take any number of the first rows
from tables (5, 10, 12, 15, etc.) and it can be considered as a random sample
(Fig. 1.25).
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Fig. 1.25. The result of the generated representative sample

In this way, the Excel spreadsheet can be sampled either by AutoFilter
or by applying special formulas. In the first case, the result will be output to
the source table, and in the second one — to a separate area. It is possible to
make a selection both on one and several conditions. You can also randomly
sample using the RAND function.

Laboratory work 2
Tools for visualization of statistical data

The purpose of the work is to learn how to visualize data with modern
application packages.
The task is to acquire data interpretation skills using anomalous software.

Guidelines
Research, experiments, analysis are always accompanied by data
visualization. Not only do diagrams and charts graphically represent values,
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they also have a meaningful load on the topic of the study. One can see at
once the general picture of the results of the study, a large amount of data on
a limited interval. In addition, attention is paid to some elements of the data
series, data fragments are compared, the trend in the change of properties
under study is demonstrated, and so on.

Infographics (from the Latin informatio — informing, explaining, and the
Greek uraficos — writing) is a visual display of information, statistics for simple
and visual demonstration of trends, relationships, as well as interest in the
subject of research.

It is important to choose the right type for the content load of a graph or
chart. Consider the different types of diagrams in the examples.

Histograms are used to illustrate the dynamics of time-varying data or
the distribution of data in the form of rectangular regions, the size of which
corresponds to the values obtained in the statistical survey (Fig. 2.1).
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Fig. 2.1. An example of a histogram

The normalized flat bar graphs show the percentage of each value in
the total for the different categories.

Each year, the Ukrainian Center for Educational Quality Assessment
publishes the results of a statistical analysis of higher education institutions.
In Fig. 2.2 a line diagram of the compilation of external independent assessment
in the Ukrainian language of the students of Kropyvnytskyi is presented.
The results are presented for the educational institutions, so each band is
responsible for the results of the type of educational institutions, and the color
indicates the range of points.
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Fig. 2.2. An example of a stacked histogram

Pie charts are used to illustrate the relationship between the parts of
a sample using circular diagrams. Fig. 2.3 shows the share of each speciality
in the total number of students enrolled in 2018.

B EkoHomicTM  mTpaBo3Haeui W EnekTpukK B MexaHWuKK

19%

22%

Fig. 2.3. A pie chart

The polygon of frequencies is called a polynomial with vertices at points
(zi, m), 1=1, 2, ..., k. Here, z; is the value of the i-th variant, and p; is the
frequency corresponding to this variant.

To construct a polygon of frequencies, the variants z are plotted on the
abscissa axis, and corresponding frequencies are plotted on the ordinate
axis. The points (z;, n;) are connected by segments of straight lines and make
a polygon of frequencies.

In fact, the frequency range is a graphical representation of the interval row.
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The example that follows, shows how to use MS Excel to construct
a frequency range. Suppose the frequency table is already built. There are
two columns in it: row values (they will be plotted along the Ox axis) and
relative frequencies (they will be presented by Oy). Now the Chart Wizard.
It will ask us to do the following:

1. Determine the type of graph (the point diagram on which the values
are connected by segments).

2. Specify the source data (they are already selected: X is value, Y is
frequency);

3. Specify additional design options (cannot be highlighted);

4. Specify the location for the chart (by default — on the same sheet).

The frequency range is ready (Fig. 2.4).
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Fig. 2.4. An example of plotting a frequency range

Mapping is designing and generating geological and topographic images
and other graphs on display devices (mainly on a display screen) based on
digital output, rules and algorithms for converting them.

Modern journalism and research are actively using infographic tools; in
addition, all world organizations and international economic, political and social
foundations use cartography as one of the interactive tools for visualization
of data in reports.

In support of this fact, a revision of 7 most interesting visual maps
prepared by various sources are presented.

In 2013, the World Economic Forum presented the results of a survey
of residents in 140 countries. Respondents expressed their attitude to foreign
visitors — so the organization was able to draw a map of the most and least
friendly states. The most hospitable were Iceland, New Zealand and Morocco.
However, look at your country (Fig. 2.5).
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Fig. 2.5. The geographic map

For graphical representation, Excel provides the user with a significant
set of features. You can make charts on either a single worksheet with
a spreadsheet or on a separate worksheet called a chart sheet. A chart created
on a single worksheet with a spreadsheet is called an embedded chart.

Laboratory work 3
Grouping of data and research on groups

The purpose of the work is to acquire the skills in grouping data in MS
Excel.

The task is to group statistical data using the "Data Analysis" add-in of
MS Excel.
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Guidelines

Summarization and grouping of statistical data should be performed in
the mode Histogram, Data Analysis add-in.

The mode Histogram is used to calculate the frequency of contact data
in the specified boundaries of intervals, and to build the histogram of interval
variation distribution range.

The dialog box of this mode (Fig. 3.1) assumes the following parameters:

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

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 ascending order. In Microsoft Excel the number pointing the
intervals by the data is calculated. The limits of intervals have a strict lower
limit and a non-strict upper limit.
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{” Hoeas pabodan KHWra
|_ MapeTo [OTCOPTMPOEAHHAA FTMCTOMpaMKa)

[~ MHTerpafEHER NpOLEHT
|_ Erleod rpadvea

Fig. 3.1. The Histogram window

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 no titles, the checkbox should be deactivated. In
this case, standard names for the output range will be automatically created.
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4. The 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 on the output range.

5. Pareto (a sorted histogram) is set in an active state to represent the
data in descending order of frequency. If it is unchecked, the data in the
output range will be listed in order of intervals.

6. Cumulative percentage is set in an active state to calculate the
percentage of accumulated frequencies and inclusion of the graph of
accumulated frequencies in the histogram.

7. Chart output is set in the active state for automatic building of an
embedded chart on a worksheet containing the input range.

Example. The GDP volume per capita (current USD) in 2011 is shown
in Table 3.1.

Table 3.1
The input data
Country name 2011 Country name 2011
1 2 3 4
Albania 4,029.73 | Latvia 12,726.4
Armenia 3,305.49 | Lithuania 13,339.2
Austria 49,707.1 | Luxembourg 115,038
Azerbaijan 6,915.76 | Macedonia, FYR 4,925.34
Belarus 5,820.35 | Moldova 1,966.93
Belgium 46,469.2 | Montenegro 7,197.13
Bosnia and Herzegovina 4,820.67 | Netherlands 50,087.3
Bulgaria 7,158.12 | Norway 98,102.5
Croatia 14,488.3 | Poland 13,462.9
Cyprus 30,670.3 | Portugal 22,329.8
Czech Republic 20,407.3 | Romania 8,405.49
Denmark 59,683.8 | Russian Federation 13,089.3
Estonia 16,555.8 | Serbia 6,203.47
Finland 49,391.3 | Slovak Republic 17,646
France 42,377.4 | Slovenia 24,141.9
Georgia 3,202.53 | Spain 32,244.2
Germany 43,689.3 | Sweden 56,927
Greece 26,427.2 | Switzerland 80,390.8
Hungary 14,043.7 | Tajikistan 934.82
Iceland 44,072.3 | Turkey 10,498.3
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Table 3.1 (the end)

1 2 3 4
Ireland 48,423.2 | Turkmenistan 4,721.96
Italy 36,115.7 | Ukraine 3,615.38
Kazakhstan 11,244.9 | United Kingdom 38,817.8
Kosovo 3,592.6 Uzbekistan 1,545.93
Kirgiz Republic 1,074.74

Enter the input data into the cells A1:B50.
You need to construct a histogram and accumulated frequencies in the
histogram. In order to solve the task, the Histogram mode could be used. The
parameters in the dialog Histogram are shown in Fig. 3.2.
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Fig. 3.2. Filling the Histogram window

The frequencies and cumulative frequencies are presented in Table 3.2.

Table 3.2

The frequencies and cumulative frequencies

Bin Frequency Cumulative, %
934.8201 1 2.04
17,235.26 26 55.10
33,535.69 7 69.39
49,836.13 9 87.76
66,136.57 3 93.88

82,437 1 95.92
98,737.44 1 97.96
More 1 100.00
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So we see uneven distribution of countries based on the indicator "the
GDP per capita": 26 countries of 49 have a value of the GDP per capita from
934.82 dollars to 17,235.26 dollars.

The histogram of constructed and accumulated frequencies is shown
in Fig. 3.3.
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Fig. 3.3. The histogram of distribution

In Table 3.2, the column "Cumulative, %" explains the calculation of the
accumulated frequencies. Cumulative frequency is calculated based on the
frequency. Each value of 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.

There is another way to aggregate and group statistics. At the beginning
of grouping it is necessary to construct a summary table. The summary table
Is constructed as follows:

1) call Data — Summary Table;

2) on request for a data source, select the option in the list or in the
database Microsoft Office Excel;

3) in response to the proposal to specify the range with the data, select
on the worksheet DB columns from "Al" to "F8200" inclusive. There should
be no empty row in the database!
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4) click on the Next button. Excel will display a window asking you to
define the dimensions of a pivot table or to build a layout. We click on the
Layout button;

5) in the row area we put the field Price, in the data area we transfer the
field Sum;

6) double-click on the field Sum by field Sum. The PivotTable Field
Calculation window appears with a list of available operations. Select from the
list the operation Amount;

7) in the field Name: enter the name "Amount, $". In the Calculate
PivotTable Field window, click OK;

8) in the window of creation of a layout we press on OK, then get to the
main window of the Master of the summary tables;

9) here we click on the Options button, the Summary table options window
will open;

10) in this window, we disable the checkboxes Total amount by columns,
Total sum by rows, Auto format;

11) click on OK to return to the main window of the Summary table wizard;

12) Click on Finish.

As a result, we received a summary report, a form. Based on the
resulting video table, you can group data.

When working with pivot tables, the database may contain empty rows.
This is often used in practice. For example, instead of an exact block of
values with the input data, only the column indices are entered. This is
convenient because you do not need to rebuild the table when replenishing
the database with new records. If you work with interval groups by numbers
(or dates), this approach is not applicable! The grouping database should not
contain empty records. Therefore, when creating a pivot table, you must
explicitly specify the block of cells with the original data. Of course, this has
some inconvenience, but it will have to be reconciled.

For example, it is necessary to determine which goods (cheap, expensive
or mid-range) receive the bulk of the turnover. To do this, break down
the entire set of interval prices and then recalculate the summary report
values for each interval separately. In our example, the cost of printers
ranges from 455 UAH (Printer Canon pixma ip1900 model) up to 3585 UAH
(Printer Epson Stylus Photo 1410 A3). We split this range into eight intervals
in 500 UAH increments. Follow these steps:

1) put a pointer on any value of the Price field of the summary report,
for example on the cell "A5";
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2) right-click. A context menu will appeatr;

3) from the context menu, select Group and Structure, then — Group ... .
A window will appear asking you to set the start and end intervals and the
change step.

Note the checkboxes to the left of the starting with: and by: fields.
If enabled, Excel selects the price grouping interval on its own, automatically.
In our example, it will set a minimum price value (455 UAH) in the field
starting with:, and a maximum value (3585 UAH) in the field by:. In most
cases, this is wrong. Therefore, grouping is best done by yourself. Fix the
values in the Grouping window;

4) left-click inside the starting with: field. Enter the value "0";

5) left-click on the field with step: and enter here "500";

6) click on OK. Excel groups the products and calculates the total
revenue at each interval. That is, it will generate a sample with the golden
parameters.

To unselect and return to the original pivot table form, you must:

1) put the pointer of the active cell on any value of the field Price;

2) right-click;

3) from the context menu select Group and Structure — Unbundle.
After that, the table will look original.

Laboratory work 4
Statistical tools for studying the dynamics of phenomena
and processes

The purpose of the work is to acquire the skills in the calculation of the
MS Excel dynamics indicators.

The task of the work is to use MS Excel to analyze the time series and
to provide an economic interpretation of the calculated indicators.

Guidelines

Let's analyze the dynamic series with the help of analytical indicators.
The initial series of speakers is located in the cells (B3:B8) (Fig. 4.1). To calculate
the chain, the basic and average indicators of the dynamics of sales volume,
we use the formulas, which are presented in the lecture material.
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Fig. 4.1. The initial data for the calculation of the analytical indicators

We obtain the following results of calculations of analytical indicators of

of the dynamics intensity

the intensity of the volume of sales for six years (Fig. 4.2).
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14 Cepeanbopiuumit Temn npupocty, % 105

Fig. 4.2. The results of the calculation of analytical indicators
of the dynamics intensity

Thus, the average annual sales volume is 26.8 thousand UAH. During
2005 — 2010 the volume of sales increased by 13 thousand UAH or 65 %.
On the average, over the year the sales increased by 2.6 thousand UAH

or 10.5 %.
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For a visual idea of the dynamics of sales, we present a series of
dynamics in the form of a linear graph and a bar chart. To draw a line graph,
use the Chart Wizard — Type — Graph — Viewl (Fig. 4.3).
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Fig. 4.3. The Graphics dialog box

In order to arrange the chart properly, it is advisable to click Next —
Chart Options — Headings and enter the name of the chart, the names of
indicators in the appropriate fields (Fig. 4.4).
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Fig. 4.4. The window for selecting the parameters of the graph
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Similarly, a bar chart is built, only the type of chart is selected.
Using the Chart Wizard we get a linear graph and a bar chart (Fig. 4.5
and 4.6).
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Fig. 4.5. The graph of the production volume dynamics for 2005 — 2010

33
30
20
27
23
| ||||
2005 2006 2007 2008 2009 2010
PoKN

(5]
cn

[
[=)

on

(%]

%]
[=]

ODBcAr NpoaykLUil, TMC.IPH

[y
=

on

Fig. 4.6. The chart of dynamics of the volume of production
for 2005 - 2010
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To implement the method of a moving average you can use the package
Data analysis — Analysis tools — Moving average.
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Fig. 4.7. The data analysis dialog

In the field Input interval, enter the initial series of dynamics (Fig. 4.8);
in the field Interval, set the interval of alignment 3, make a mark for plotting.
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Fig. 4.8. The initial data on the implementation of the moving average
method

The main disadvantage of this method is that the aligned row becomes
shorter than the original one due to the loss of levels at the beginning and end
of the row. After executing the program, we obtain the following results (Fig. 4.9).
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Fig. 4.9. The results of the method of a moving average

Determine the identification of trends in the phenomenon of analytical
alignment. The original series of years is located in cells A1:B16.

To obtain the five types of trend equations predicted in Excel, use the
Chart Wizard — Type — Graph (Fig. 4.10).
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Fig. 4.10. Construction of a moving average graph

Once a linear graph is constructed, five trend equations can be
obtained: linear, logarithmic, polynomial, power, and exponential. To select
the best trend equation, it is necessary to construct all five types of graphs,
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display the respective equation and the magnitude of the R2 error in the field
of each graph. To do this, place the cursor on the graph line and right-click,
in the window that appears, select the command Add trend line, select the
desired type of equation (Fig. 4.11).
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Fig. 4.11. Choosing a trend equation

Then you need to specify two commands in the Parameters submenu —
Show the equation on the chart and Plot the value of the approximation
reliability (Fig. 4.12).
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Fig. 4.12. The window for selecting the trend parameters
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For example, the result of the selection of linear and polynomial (2nd degree
polynomial) trend equations according to the data given in cells A2:B16 is
presented in Fig. 4.13 and 4.14.
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=1,2361x+ 12,825 ;s
300 y » ) . __,..-r"‘"
R =08871 -
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25,0 Y , ~
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|— — BUMy cK Npoay Kuji, THE.TPH. NMHEHEN (B Ny CK Npo@Y kUi, TWS.TPH.) |

Fig. 4.13. The result of the selection of the linear trend equation
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Fig. 4.14. The result of the selection of the polynomial (2nd degree
polynomial) trend equation

By the criterion R2, the polynomial provides a higher level of approximation
of the original series of dynamics, so this model has an advantage over the
linear one. Similarly, you can compare the results of calculations by other
types of equations, using the proposed list (Fig. 4.15).
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Fig. 4.15. The trend line selection window

Calculate the seasonality index according to the data entered in cells
B3:E6 in Fig. 4.11.

To make a hypothesis about the presence and nature of seasonal
variations, we plot a diagram using the Wizard of diagrams, but first we will
form a single series of dynamics in four years (cells G2:G17) (Fig. 4.16).
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Fig. 4.16. Detection of seasonal variations by the graphical method
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The obtained graph gives grounds for the conclusion that the values of
the indicator do not fluctuate, that is, they fluctuate around the average level,
so we use the formula to estimate seasonal fluctuations:

I, = 2L % 100.
y

To calculate seasonality indices, we calculate the average values for each
guarter as well as the overall average, after which we find the relation (Fig. 4.17).
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Fig. 4.17. The results of the calculation of seasonality indices

Thus, according to the results of the calculations, we obtain the
following seasonality indexes of revenues from the provision of urban
telephone services: 1st quarter — 97.65 %; 2nd quarter — 95.41 %; 3rd quarter —
98.77 %,; 4th quarter — 108.18 %.

The seasonal wave graph constructed on the basis of the calculations
confirms the above conclusions (Fig. 4.18).
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Fig. 4.18. The seasonal wave of the revenue from the provision
of urban telephone services, 2006 — 2009

It can be concluded that seasonal variations are quite strong. To
visualize seasonal fluctuations, use a graph of the seasonal wave, in which
the abscissa shows the time (period) and the ordinates show the seasonality
indices.

Laboratory work 5
The indicators of the study of world trends

The purpose of the work is to acquire the skills in statistical data analysis
by means of the index method in the MS Excel package.
The task is to analyze the data by the index method using MS Excel.

Guidelines

Task 1. We have the data on the manufacture of products in the base
and reporting years (Table 5.1), which will be placed in cells A1:E5.
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Table 5.1
Data for analysis

Products A
Cnour:lnpb?;;nry The base year The reporting year
Price, UAH Volume, items Price, UAH Volume, items
1 10.5 220 10.0 260
2 6.4 730 6.5 800
3 6.6 340 7.4 820

Then, using the formulas above, we calculate the individual price
indices (F3:F5 cells), the volume (physical volume) of the manufactured
products (G3:G5 cells) and the cost (H3:H5 cells).
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El_] @afin Opaska Bra Bcraeka  @oppaT  Cepekc AaHHble  OkHO  Chpaeka BESAWTE BONpOC -8 x
N o e P s Q@ F9 o8 T sl 3G - e

{ suial Cyr S0 XK U|E==EEMe mgR EE B S A-H

AS - =
A BE [ ¢ o[ E F [ s [ v [ 0 [ a0 [ w [ L [ m [ W [ o =
1 Houep BazucHuii nepion | 3BIiTHHI nepion, InpueinyanbHi inoekcn
L . - — - — Podo| Pody P14
nignpuencrea | UiHa, [ kKinekicTs, | uiHa, [ KinbKicTs, . © © _
2 uinn KinbkocTi| BapTocTi
rpH. wr. TpH. wr.

3 1 10,5 220 10,0 260 0,952 1,182 1,126 2310 2730 2600

4 2 6.4 730 6.5 800 1.016 1.096 1.113 4672 5120 5200

5 3 6.6 340 T4 820 1,121 |, 2412 (2,704 2244 5412 6068

[ Pasom x x x x x X [ x | 9226 [13262 [13868 ,

7

8 1 =D5/B5 —E&iCs | \

El =CYMM(K3: KE)

10 =({D5"ES)/(BS™CE)

11

=C¥MM{I3:15)

2] e
EE1 [FEees ]

14 —EE] = "
. =B5*ES =CWMMIIS: 1S
151 ()

16 e

17 =D5"ES

18

19

20

21

22

23
| 24 |
| 25 |
| 26 |
| 27 |
| 28 |

29

30

a e
W4 WNIMETL { MicT2 4 Mcta [/ | < (]

raToEo LM

v
B3 Microsoft Excel - Ina. .. LK Q)r_: 15:22
¥

Fig. 5.1. Calculation of individual indices

The following conclusions can be drawn from the calculation of individual
indices. In the reporting period, the volume of products increased by 18.2 %
in company 1, by 9.6 % in company 2, and by 141.2 % in company 3.
Compared to the base period, unit price decreased by 4.8 % in company 1,
and increased by 1.6 % in company 2, and by 12.1 % in company 3. The cost
of products in the reporting period increased by 12.6 % in company 1, by 11.3 %
in company 2, and by 170.4 % in company 3.
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Task 2. We have the data on the sales of products (Table 5.2).

Table 5.2
The data on the sales of products
The base period The reporting period
Production The volume Price per unit, The volume Price per unit,
of products, items UAH of products, items UAH
A 350 200 420 225
B 170 120 110 150

On the basis of these data it is necessary to determine: the total
turnover index, the overall price index, the general index of the physical
volume of trade, the absolute amount of savings or cost overruns on price
changes. Draw a conclusion.

To determine the overall index of the turnover, enter the formula = D3 x E3
into the cell F3 and apply the formula to the whole column, calculate the amount
of the column in the cell F5, either by clicking the sign 2 AutoSum button on
the toolbar, or by pressing the "=" and selecting the SUM formula in the formula
row, then enter the formula = B3 x C3 into the cell G3 and apply the formula
to the whole column and calculate the volume in the cell G5 (Fig. 5.2).

A B C D E F G H
1 The base period The reporting period
Production | The quantity of | Price perunit. | The quantity of | Price per | 41p1 qOp0 Ipg
2 products, tems UAH products, items | unit, UAH
3 A 350 200 420 225 94,500 70.000
4 B 170 120 110 150 16,500 20,400
3 111,000 90.400 1.23

Fig. 5.2. The calculation of the total turnover index

To obtain the final result, enter the formula = F5/G5 into the cell H5. The
overall turnover index is equal to 1.23, or 123 %, that is, the turnover in the
current period increased by 23 % compared to the reference period due to
the changes in the product prices, and also due to the changes in the number
of products sold.

To determine the general price index, enter the formula = D3 x E3 into
the cell F3 and apply the formula to the whole column, calculate the amount
of the column in the cell F5, either by clicking the sign 2 AutoSum button
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on the toolbar, or by pressing the
formula row, enter the formula = D3 x C3 into the cell G3 and apply the formula
to the whole column, calculate the sum in the cell G5.
To get the value of the general price index, enter the formula = F5/G5

into the cell H5 (Fig. 5.3).

and selecting the SUM formula in the

A B C D E IE G H
Production | The quantity of Price per unit, | The quantity of | Price per glp1 q1p0 Ip
9 products, items UAH products, items | unit, UAH
10 A 350 200 420 225 94 500 84,000
11 B 170 120 110 150 16,500 13,200
12 111,000 a7 200 1.14

Fig. 5.3. The calculation of the general price index

The overall price index is equal to 1.14, or 114 %, that is, the turnover
increased by 14 % in the current period compared to the turnover in the base
period, due to the changes in the product prices at a constant output.

The absolute cost overruns or savings on the price changes are
calculated as the difference between the numerator and denominator of the
price index in the formula = F5 — G5 in the cell H5 (Fig. 5.4).

L . e

A B C D E F G H 1
Froduction | The quantity of | Price per unit, | The quantity of | Price per qip1 qip0 Ip Ap
g products, items UAH products. items | unit, UAH
10 A 340 200 420 225 84 500 84.000
11 B 170 120 110 180 16,500 13,200
12 111,000 87.200 1.14 13,800

Fig. 5.4. The calculation of the absolute amount of cost overruns
or savings on the price changes

The absolute amount of overruns on the price changes in the reporting
period compared with the base one was 13 800 UAH.

To determine the total volume index of the turnover, enter the formula
=D3 x C3 into the cell F3 and apply the formula to the whole column,
calculate the amount of the column in the cell F5, either by clicking the sign
2 AutoSum button on the toolbar, or by pressing the "=" and selecting the
SUM formula in the formula bar, in the cell G3, enter the formula = B3 x C3
and apply the formula to the whole column, then, in the cell G5, calculate
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the sum. To get the value of the overall index of the physical volume of trade,
enter the formula = F5/G5 into the cell H5 (Fig. 5.5).

A B C D E F G H

15 The base period The reporting period
Production | The quantity of | Price perunit, | The quantity of | Price per | q1p0 qOp0 Ig

16 products, items UAH products, items | unit, UAH
17 A 350 200 420 225 84,000 70,000
18 B 170 120 110 160 13,200 20,400
19 §7.200 90400 | 108 |

Fig. 5.5. The calculation of the general index of the physical volume
of the commodity turnover

The overall index of the physical volume of trade is equal to 1.08, or 108 %,
that is, the turnover increased by 8 % in the current period, compared with
the turnover in the base period, due to the changes in the physical volume
of sales at a fixed price.

Task 3. We have the data on the cost of production and changes in the

cost of the enterprise (presented in Table 5.3).
Table 5.3

The characteristics of the production in view of the product range

The cost of production Changing the unit cost
Product name in the 2nd quatrter, of the product in the 2nd quarter
thousand UAH compared to the 1st quarter, %
A 1850 +18
B 670 +11
C 755 No change

Identify the common indices of: 1) the prime cost, 2) the volume of
production, and 3) the cost of production, provided that the cost of production
in the 2nd quarter compared to the 1st quarter increased by 27 %. Draw
conclusions.

In the cell D2, the prime cost index is calculated individually using
the formula = (C2 100/100), in the second column (the cost of production
in the 2nd quarter, thousand UAH), the amount is calculated by clicking
the AutoSum 2 sign on the toolbar after selecting the entire column. Enter
the formula = B2/D2 into the cell E3, calculate the amount of the column
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in the cell E5, either by clicking the sign 2 AutoSum button on the toolbar,
or by pressing the "=" and selecting the SUM formula in the formula bar.
To get the value of the total cost of the index, enter the formula = B5/E5 into
the cell F5 (Fig. 5.6).

A B cC D E &
22 Task 2
Changing the
The cost of unit cost of the 7, *q,
Product | production inthe | product in the —_—
name 2nd quarter, 2nd quarter : lz
thousand UAH | compared to the
23 1st quarter %
B A 1,850 18 1.567 80
B 670 11 503.60
6 C 755 Mo change 1 755.00
3.275 2 926 40 112

Fig. 5.6. The calculation of the total cost index

The total prime cost index is equal to 1.12, or 112 %, i.e. the total cost
of production increased by 12 % in the reporting period compared to the
overall cost base, by increasing the cost and at the constant output.

Based on the conditions of the task, the overall cost index (l,4) is 1.27

or 127 %, as the cost of production in the second quarter compared with the first
one increased by 27 % due to the changes in the cost and the volume of output.
For the calculation of the overall index of production using the relationship
between the indexes, enter the formula = G5/F5 into the cell H5 (Fig. 5.7).

A B C D E F G H
22 Task 2
Changing the
The cost of unit cost of the 7 *g
Product | productioninthe | productinthe —_—
name 2nd quarter, 2nd quarter 'z z zq Ig
thousand UAH | compared to the
23 15t quarter %
24 A 1,850 18 1.18 1.567.80
25 B 670 11 1.11 80360
26 C 755 Mo change 1 755.00
27 3,275 2.926 40 112 127 113

Fig. 5.7. The calculation of the overall index of production

Total production expenses increased by 13 % due to the changes in the

volume of production at a fixed cost.
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Task 4. We have the data on the manufacture of products of the same
name "A" and its cost at two plants (Table 5.4).

Table 5.4
The data on production and production prime cost
Production, thousand units The unit cost of production, UAH
Plant year year
2007 2008 2007 2008
1 90 100 210 205
2 180 110 180 240

Determine the cost indices: variable composition, constant composition,
structural changes. Explain the difference between these indices.

To determine the index of the cost of variable composition, enter the
formula = E5 x C5 into the cell F5 and apply the formula to the whole column,
calculate the amount of the column in the cell F7, either by clicking the sign
2 AutoSum button on the toolbar, or by pressing the "=" and selecting the
SUM formula in the formula bar, enter the formula = F7/S7 into the cell G7
get the value of the first fraction, enter the formula = D5 x C5 into the cell H5
and apply the formula to the whole column, count the amount of the column
in the cell H7, either by clicking the sign 2 AutoSum button on the toolbar,
or pressing the "=" and selecting the SUM formula in the formula bar, enter
the formula = H7/S7 into the cell I7 to get the value of the second fraction.

To get the index value of the variable cost, enter the formula = G7/17
into the cell J7 (Fig. 5.8).

A B C D E F G H I J
30 Task3
: | DT Y%
Production, thousand units The unit coﬁ::'productlon. zigl |5 z0g1 |==——| Ivariable
11 Plant Lt S U8
32 year year
33 2007 2008 2007 2008
34 1 90 100 210 204 20.500 21.000
35 2 180 110 180 240 26,400 19.800
36 270 210 46.900 22333 140,800 19429 115

Fig. 5.8. The calculation of the index of the prime cost of variable
composition
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To get the index of the prime cost of variable composition, enter the
formula = G7/17 into the cell J7 (Fig. 5.8).

The index of the prime cost of variable composition was 1.15 (115 %),
the average unit cost of production increased by 15 % due to the changes
in the cost and quantity of the output.

To determine the index of the prime cost of the fixed structure, enter
the formula = E4 x C4 into the cell F4 and apply the formula to the whole
column, calculate the amount of the column in the cell F6, either by clicking
the sign 2 AutoSum button on the toolbar, or by pressing the "=" and selecting
the SUM formula in the formula bar, enter the formula = F6/S6 into the cell
G6 and get the value of the first fraction, enter the formula = B4 x D4 into the
cell H4 and apply the formula to the whole column, calculate the amount
of the column into the cell H6, either by clicking the sign 2 AutoSum button
on the toolbar, or pressing the "=" and selecting the SUM formula in the
formula bar, enter the formula = H6/B6 into the cell 16 and get the value of the
second fraction.

To get the index of the cost of fixed composition, enter the formula
= G6/16 into the cell J6 (Fig. 5.9).
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Fig. 5.9. The calculation of the index of the prime cost of the fixed
structure

The index of the cost of fixed composition was 1.18 (118 %), that is, the
average cost of production increased by 18 % due to the changes in unit
costs at the constant amount of the output.

To determine the index of the cost of structural changes, enter the
formula = D4 x C4 into the cell F4 and apply the formula to the whole column,
calculate the amount of the column in the cell F6, either by clicking the sign
2 AutoSum button on the toolbar, or by pressing the "=" and selecting the
SUM formula in the formula bar, enter the formula = F6 x C6 into the cell G6
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to obtain the value of the first fraction, enter the formula = B4 x D4 into the
cell H4 and apply the formula to the whole column, calculate the amount of
the column in the cell H6, either by clicking the sign 2 AutoSum button on the

toolbar, or pressing the "=

and selecting the SUM formula in the formula bar,

enter the formula = H6/B6 into the cell 16 and get the value of the second

fraction.

To get the index of the cost of structural changes, enter the formula
= G6/16 into the cell J6 (Fig. 5.10).

A B C D E F G H I J
. . 5 ¥ N ook
Production, thousand units The uni C0|St of production, z0q1 ;'.\—‘ZU a z0q0 ;'vzn o Istr. changel

47 Plant UAH — L4

48 year year

49 2007 2008 2007 2008

50 1 90 100 210 205 [ 21,000 18,900

51 2 180 110 180 240 | 19,800 32,400

2 270 210 40,800 19429 51,300 190.00 1.02

Fig. 5.10. The calculation of the index of the cost of structural
changes

The index of the cost of structural changes was 1.02 (102 %), that is,
the average cost of production increased by 2 % due to the changes in the

output at constant unit costs.
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Apyroro (MarictepcbKoro) piBHs

CamocmitHe eJIeKMmpPOHHEe MeKCImoee Mepexxeee 8UOaHHSs

Yknapaui: PaeBHeBa OneHa BaneHTuHIBHaA
BpoBko Onbra IBaHiBHa

BionosiganbHun 3a BupaHHsa O. B. PacsHesa

Pepaktop 3. B. 30608a
Kopektop 3. B. 30608a

MopaHo 3aBaaHHA Anga nabopaTopHux pobiT i MeTOAMYHI pekomeHnaauii 4O X BuU-
KOHaHHS, METOI SIKUX € 3aKpinneHHsa 1 NornMbneHHsa 3HaHb TEOPETUYHOIO Ta NPaKTUYHOIO
MaTepiany, HabyTTa HaBMYOK aHanidy €KOHOMIYHMX SIBULL Ta MpPOLECiB 3a [OMNOMOro
MS Excel.

PekomeHaoBaHO AnA CTyAeHTIB crieuianbHocTi 122 "Komn'toTepHi Hayku" Opyroro
(maricTepcbKoro) piBHs.

Mnan 2020 p. Mo3. Ne 113 EB. O6c¢sr 55 c.
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