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Abstract—Nowadays, in the age of digital transformation in the
field of analytical systems for managerial decision-making, there
are a number of main problems associated with changing business
processes of the organization. The solution of modern problems
in this field is based on the analysis of the subject area with the
conjugation with the hierarchical structure of the organization’s
management and the way of its visual representation.
This article proposes an approach for information and analytical system developers, including recommendations on ways and
forms of visual representation of indicators in the formation of
analytical reports, as well as an analysis of errors that occur
as you work with multidimensional data and propose ways to
solve them, which makes working with data more efficient and
scientifically sound from the standpoint of providing effective
support for management decisions.

I. I NTRODUCTION
The purpose of the work is to develop an approach to visualization in the information and analytical system (hereinafter
IAS) from the standpoint of providing effective support for
management decisions (hereinafter the Approach).
When developing the approach there were used the following management models:
• Anthony Triangle Model;
• General control scheme of the control object.

Fig. 1. Anthony ’s Triangle model

According to the hierarchical view of the management
structure (Anthony’s triangle) proposed by Robert Anthony,
managerial decisions are made at the strategic, management
control and operational levels (A framework for management
information systems, HBR’s 10 Must Reads on Strategy)
In order to visualize on dashboards the indicators corresponding to each of the decision-making levels, firstly, it is
necessary to determine what to visualize:
• List of strategic management level indicators;
• List of indicators of the management control level of
management;
• List of indicators of the operational level of management.
This point is developed in paragraph (IV) of the work.
Secondly, the quality of data mining should meet such
criteria for the success of managerial decision-making as
speed, awareness and intelligence. This is perhaps the most
difficult and important aspect in this work and it is given
special attention in paragraphs (V) and (VI) on the stages of
data mining.
Finally, it is necessary to ensure the interpretability of data
mining. This issue is discussed in paragraph (VII) of the work.
II. S UBJECT AREA OF RESEARCH
This study was conducted on the example of data from
one of a Corporation in Moscow with state participation in
the authorized capital of the organization (hereinafter the
Corporation), on the territory of which there is an exposition, museum and recreational complex, where museum
and exhibition projects, international business exhibitions and
congresses, festivals and holidays are held.
The problem domain of research of the subject of management of one Corporation in Moscow was investigated on the

TABLE I
S UBJECT AREA OF RESEARCH OF THE SUBJECT OF MANAGEMENT OF THE C ORPORATION OF M OSCOW
Elements of the
control model

Designations

Subjects of management

U = ϕ(W, X, Z, t)

Management
objects

X = f (X, U, Z, t)

Variables that reflect
the state of an object at a time

X–

Control actions designed to optimize
the performance indicator

U–

External influences

Z–

Management
performance
indicator

W–

Values of controls used in the development of a visualization approach using the example
of a Corporation
Strategic management level
Management control level
Operational management level
CEO of the Corporation
Heads of departments
Heads of departments and group
heads of the relevant structural
divisions of the Corporation
The Corporation is an exhibition,
Elements of a Corporation, on
Territory, real estate, residents,
museum and recreational comthe territory of which real estate
events, staff, equipment
plex, a unique space for muobjects (including cultural herseum and exhibition projects, initage objects) are located, leased
ternational business exhibitions
to residents doing business on
and congresses, festivals and holthe territory of the Corporation
idays
and events held on this territory
Indicators characterizing the
Indicators characterizing the
1) Services provided to residents;
state of the exposition, museum
state of the territory, including
2) Processes related to the holdand recreational complex
the state of real estate objects,
ing of events on the territory of
their attractiveness to residents
the Corporation;
and visitors
3) Activity of residents on the
territory of the Corporation;
4) Processes related to ensuring
the quality of real estate objects
to the specified requirements
Moscow development programs
Orders, instructions and memos
Actions on the part of the perand other regulatory acts to
at the level of heads of departsonnel of the relevant structural
which the Corporation is subject.
ments
units
Orders and instructions at the
level of the CEO
Seasonal nature, calendar of
Natural and other disasters, docStaff productivity, activity of resevents in the Russian Federaument approval processes, maridents, etc.
tion, factors affecting the state of
ket conditions, etc.
tourism in Moscow
Attendance of the Corporation’s
Performance indicators of heads
1) Performance indicators of
territory
of departments of the Corpoheads of departments and heads
ration: the number of residents
of groups of structural divisions
doing business on the territory;
of the Corporation;
balance of financial results; the
2)The number of successfully
number of restored objects of
implemented projects, the numcultural heritage of Moscow on
ber of agreements concluded
the territory of the corporation,
with residents, the number of
etc.
events held, etc.

basis of the methodological foundations of management. The
results of analysis are presented in the table (I).
Thus, within the framework of the development of the
approach, the main elements of the management model are
identified in relation to each other, which underlie the architecture created by the IAS to ensure effective support of
management decisions on the example of a Corporation for
all levels of management.
III. D EVELOPMENT OF AN APPROACH TO THE STAGES OF
DATA MINING

The main stages of data mining are (Data and process
analysis):
1) Understanding and formulation of the analysis task;
2) Preparation of data for automated analysis (preprocessing);
3) Application of Data Mining methods and construction of
models;
4) Checking the constructed models;
5) Human interpretation of models.

Fig. 3. Stages of data mining

Fig. 2. General scheme of the problem statement

IV. P ROBLEM STATEMENT
To develop the approach, tasks from the management activities of the Corporation were used according to which it
is necessary to visualize indicators characterizing the state of
management facilities at the strategic, management control and
operational levels.
Internal corporate data sources are used to obtain indicators.
When building models for the formation of indicators, the
main standards of the company were used, the documents in
which the Corporation’s strategy is reflected.
General scheme of the current problem is represented in the
figure (2).
V. D ESCRIPTION OF THE PROCESS OF WORKING WITH
DATA , IDENTIFICATION OF PROBLEMS AT THE STAGE OF
DATA PREPROCESSING AND DETERMINATION OF WAYS TO
SOLVE THEM
Nowadays, there is a need to deal with huge amounts of data
located in various sources and with variety of representations,
formats and encodings, as well as violations of the structure,
completeness and integrity, data preprocessing is required. In
the process of data preprocessing, there is a preporation for
analysis, as a result of which they are brought into compliance
with the requirements determined by the specifics of the task
being solved. Without preprocessing during the analysis in the
future either the algorithms will not be able to work, or the
result of their work will be incorrect. There are two directions
of data preprocessing:
• Cleaning — processing duplicates, contradictions and fictitious values, restoring and filling in gaps. Also smoothing, noise suppression and editing abnormal values, as
well as restoring the structure, completeness and integrity
of data, converting incorrect formats;

•

Optimization — reducing dimensionality, identifying and
eliminating insignificant features, i.e. adapting data to a
specific task and improving the analysis efficiency.

Based on the results of the analysis of data from several
internal sources (corporate information systems and files) of
the Corporation, the following key data quality problems were
identified:
•
•
•
•

Naming conflicts;
Missing values;
Difference in the representation of values;
Operator input errors.

One of the problem in the data of the source №1 personal
account of the resident is the differences in the names of
columns in various departments, and there is also a space at
the end of the line.
For both sources, the problem is the discrepancy between
the name of the resident in the personal account and in the
source №2 ”Register”:
1) Different name;

2) Uppercase/lowercase letters;

3) Abbreviations;

4) Extra spaces;

5) Special symbols;
b) after the slices
6) Quotation marks;

7) The absence of a resident in the personal account or in
the Register;

8) Extra characters in the direction name or ”Null”;

Fig. 4. An example of using Microsoft Power BI to visualize indicators
at the strategic management level: The main characteristics of the ”capital
construction facilities” total area, leasable, leased area

The result of the visualization with the assistance of Python
libraries:
9) Not all residents have directions specified.
VI. C OMPARATIVE ANALYSIS OF THE USE OF DATA TOOLS
AND DATA MINING METHODS IN THE CONSTRUCTION OF
MODELS AND VERIFICATION OF THEIR RESULTS

According to the statement of the task, it is necessary to
visualize indicators characterizing the state of management
facilities ”residents” and ”capital construction facilities”.
At the strategic level:
• The main characteristics of the ”capital construction
facilities” total area, leasable, leased area;
• Rating of residents by a set of indicators.
At the management control level:
• The ratio of the number of residents who signed the
contract to all residents with reference to the responsible
departments of the Corporation;
• Residents’ activity in the Corporation’s digital platform.
In the process of developing the approach, a comparative
analysis of the use of the following tools for working with
data was carried out:
• Microsoft Excel;
• Microsoft Power BI;
• Python libs.
The results of the comparative analysis are presented in the
figures (4) and (5) and in the table (II).

Fig. 5. An example of using Python to visualize indicators at the strategic
management level: The main characteristics of the ”capital construction
facilities” total area, leasable, leased area

TABLE II
R ESULTS OF A COMPARATIVE ANALYSIS OF THE USE OF DATA TOOLS
Name of the tool

Microsoft Excel

Microsoft Power BI

Python libs

What kind of data
preprocessing was required
In order to start working with pivot tables
and build any visualizations, you need to
remove all unnecessary rows and columns
in the source data.
This will save you
from unnecessary interfering filters in the
slices and in the rest of
the filtering and sorting windows in the future
When executing Case
1, data preprocessing
was
not
needed.
All extra rows and
columns are easily
disabled and do not
interfere with further
work

It is necessary to
remove unnecessary
lines when working
directly with data in
Python. This is done
by simple actions with
line slices

The need for an Internet connection

Time spent on data
preprocessing

Time to search for a
visualization form

Not required

When executing Case
1, it took ∼ 10 − 20
minutes to pre-process
the data and create
pivot tables (when
understanding which
slices and samples
need to be visualized)

It took ∼ 10−15 minutes to choose all the
necessary visualization
forms

Not required (when
working in the free
Desktop version). It is
possible to use the
paid Power BI cloud
service to view data
and dashboards from
different devices, as
well as to work with
the Power BI Rest API
(to output dashboards
and work with them on
your own web service)
Not required (when
working
with
Anaconda)

Thanks to the builtin PowerQuery pivot
table editor, the data
preprocessing process
takes much less time.
When executing Case
1, no time was spent
on preprocessing

It also took ∼ 10 minutes to decide on all
the necessary forms

Almost limitless functionality for the implementation of a convenient dashboard completely for yourself,
with the ability to customize each element.
A huge selection of
different charts. Full
interactivity

On average ∼ 2 − 5
minutes. When executing Case 1, no time
was spent on preprocessing

∼ 10 minutes to analyze and select the
necessary form of visualization

It is possible to add
new data that will
automatically be reflected on the chart. To
get a different form of
visualization, you need
to write the appropriate part of the code

Thus, after visualizing the test case in three different environments, we came to the conclusion that for large volumes
of disparate data and more complex tasks, it is much more
convenient and functional for Power BI with its capabilities to
create complex data models, interactive dynamic dashboards,
as well as a huge library of various visualizations available.
For full use, it is recommended to master the DAX (Data
Analysis Expressions) language for writing tabular queries
and formulas. Excel may be required only at the phase of
studying data and working out general technical solutions
for visualization and data preparation. Python libraries are
designed for more experienced users and are convenient for
various kinds of tasks from simple and urgent to the use of data
mining methods in solving corporate tasks at various levels of
management.
VII. R ESULTS OF INTERPRETATION OF MODELS AT
DIFFERENT LEVELS OF MANAGEMENT

It is a well-known fact that a person perceives the main
amount of information through the visual channel, interpreting
the picture of the environment, and in the case of presenting
information, trying to convey specific idea to an audience,

The ability to customize the result obtained
It is possible to create a simple interactive
dashboard completely
for yourself. The set of
diagrams and the functionality of their add-in
is very limited

data visualization is the most preferred way of transmitting it.
Visualization of multidimensional data is an integral part of
the workflow of every company. The formation of reports and
current summaries, time and frequency correlations between
producers and consumers, income and expense data, and much
more is part of a large system that uses charts to work with
analytics at every level of management.
A lot of companies neglect the time and energy to create
charts, considering the tool for creating them primitive. In
majority of cases, unfortunately, at the output a large number
of illogical, not visual graphs with an overabundance of
information, details and colors are obtained, which eliminates
the opportunity for an ordinary viewer to understand the basic
idea of the graph. For example, a pie chart is the most used
in data visualization, which is absolutely unjustified, given the
low practicality of this type.
Based on the results of working out the requirements for
data visualization for decision makers, in order to increase
the efficiency and speed of decision-making at each level of
management, several techniques have been selected to create
high-quality graphs:

1) Immersion in the topic
Firstly, you need to understand what the data presented
in the table displays. All quantitative values have a
certain meaning. They are arranged according to some
principle, following a certain methodology. It is crucial
to understand which subject area these values belong to.
Also, it is important to understand exactly which data
located in the table needs to be visualized.
2) Fundamentals of statistics
We work with an array of data on which, if necessary, we
can perform actions using various statistical methods, but
there is a need to be guided only by technically sound
solutions in order to avoid meaningless and incorrect
calculations.
3) Modern business analytics data analysis
Undoubtedly, there is a need to be able to analyze data.
This is the main point when visualizing data.
There are two types of analysis:
Statistical analysis is the ability to work with certain
values.
Visual analysis is finding the nature and patterns of data
changes in the process of their graphical representation. It
is necessary to immediately represent a series of numbers
in the form of graphs .
4) Creating a pivot data table
In order to highlight the main information and/or further
work only with the data that can be depicted on the graph,
you need to create a pivot table. This greatly facilitates
the work process and avoids errors caused by mixing
different types of data.
5) Formulation of the idea
Data visualization is a communication tool, so there is a
need to formulate a clear message that we want to convey
through graphs. Depending on this, it will be possible
to start from the subject area of the data and select the
optimal way of visualization.
6) Selection of the optimal visualization method
Based on all the previous paragraphs, a complete picture
of the data presented in the table will be created.
The effectiveness of the type of visualization as a tool for
delivering a message is determined by:
•

•

•

Clarity. The case when a person immediately understands
the essence of the graph, how numeric values are encoded, etc;
Convenience. It is important that the human eye accurately decode the graphic images back into numerical
values;
The correctness of the chosen visualization method.

Any aspect of the data that needs to be paid attention to can
be expressed through one of the five main types of comparison:
1) Component-by-component comparison — shows the size
of each component as a percentage of the whole;
2) Positional comparison — shows the location of objects
relative to each other;
3) Time comparison — shows the change over time;

4) Frequency comparison — shows how many objects fall
into a series of consecutive intervals;
5) Correlation comparison — shows the presence or absence
of dependence between variables.
There are basic types of relationships between data and the
most effective graphs.
Component-by-component comparison: pie chart.
Positional comparison: bar chart.
Time and frequency comparisons: histogram (bar chart), line
chart ( slope).
Correlation comparison: bar chart, dot chart.
The main purpose of graphs is to display the main idea and
connections faster and more clearly than tables and simple data
summaries, so it is very important to ensure that the form does
not overwhelm the content.
It is always better to use the idea that needs to be expressed
using a diagram as the title of the graph. It should express
the main idea, be clear and concise, so it will immediately
focus on a certain, most important aspect of the data presented.
Sometimes it is necessary to make diagrams without headings,
but this does not affect the stage of formulating an idea and
the correct placement of accents, it still plays a key role.

A. Application of the approach on the example of cases of
visualization of indicators at the strategic and management
control levels
The first example
Let’s use an example to illustrate the graph obtained by
following all the steps described above.
The task was to display indicators in a summary table
and chart: The number (absolute value and percentage) of
signed agreements of residents (the name of the resident in
the ”Name” field of the RezidentReestr file in the ”Direction”
fields of the RezidentReestr file, the name of the Department
of the ”personal account of the resident” file in the names of
the sheets.
An Excel file with a large number of sheets and a large
amount of heterogeneous data was received at the input.
The first step was to understand what subject area we
are working with. During the review of the file, it becomes
clear that we are working with residents of the Corporation, distributed by departments. Then, after looking at the
task, we understand that we need to display the number of
signed agreements. Therefore, for visualization, the following
distribution is needed for 3 sets of groups: department →
resident → signed/not signed contract. For the convenience
of visualization on the platform (Jupiter Notebook/Google
Collab), you need to make a pivot table, which is the next
step that brings us closer to the visualization itself.
Part of the pivot table looks as follows:

Fig. 6. Example of forming a summary table to obtain indicators for the
management control level

You can now work with this table to visualize certain
indicators.
Now that everything is ready, you need to start choosing
the optimal visualization method. Since the purpose of visualization is to display the number of signed agreements and the
difference in the number between departments, the bar chart
will be the most suitable type of chart. In each department,
you can easily display both the percentage and the quantitative
ratio, in which case the information will be clear to the reader.
It will also be good to display the ratio of the number of
residents who signed the contract to all residents.
The final result of visualization:

Fig. 8. A fragment of the working table for obtaining indicators for the
strategic management level ”Rating of residents by a set of indicators”

As we can note, there are five residents, 8 criteria and a
complete formulation of each of them is required, as well as
the number of points for each criterion for each resident. When
analyzing the source data, we came to the decision that the
most visual way to visualize this case — a horizontal lollipop
chart.
We have chosen an own color for each resident, the palette
of all residents is contrasting, which allows us not to confuse
the data of objects.

Fig. 9. Selection of color visualization elements on the example of indicators
for the strategic management level ”Rating of residents by a set of indicators”

The left side of the diagram fully contains the criteria for
evaluating residents.
Fig. 7. Example of visualization of indicators for the management control
level ”The ratio of the number of residents who signed the contract to all
residents with reference to the responsible departments of the Corporation”

The second example
A good example for a visual representation of the work
done is also the analysis of the following case.
The subject area, as in the previous case, is numerical
characteristics reflecting the number of points scored by each
resident of the Corporation, distributed by departments.
Our task is to display the number of points scored by each
of the five residents according to various criteria, taking into
account also the description, representing a more complete and
accurate formulation for each area.
Below is a fragment of the table obtained for visualization:

Fig. 10. Selection of visualization elements in terms of the names of one
of their axes of the diagram on the example of indicators for the strategic
management level ”Rating of residents by a set of indicators”

The lower panel reflects the number of points of each object
under study, depending on the criterion under consideration.

As a result, we get a graph:

Fig. 11. An example of the visualization result on the example of indicators
for the strategic management level ”Rating of residents by a set of indicators”

So, using the examples discussed above, you can clearly see
the whole underside of the work, the value of which lies not
only in selecting the most appropriate form of visualization,
but also working with colors, formulating headings, numerical
characteristics and their placement on the user’s field of view,
data readability and fulfilling the basic requirement — faster
user interpretability of the main statements, trends or the
general structure of this array of information.
VIII. C ONCLUSION
Thus, we have developed an approach to visualization in
an Information and Analytical System from the standpoint of
providing effective support for management decisions. Analyzing different levels of management in a hierarchical view
of the management structure, we came to the direct definition
of visualization objects and characteristics of the states of their
indicators. We also conducted a comparative analysis of tools
for creating a visual form of data representation. We have
also developed a new approach to data visualization that takes
into account specific recommendations for developers, which
includes recommendations for presenting data, improving their
perception.
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