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Digitalization of all spheres of life
has led to the fact that organizations
store a large amount of information in
various data sources. The process of
strategic decision-making may involve
an in-depth analysis of data on many
items of the organization's production
cycle. However, data collection in this
case can take weeks. This is quite a
long time for prompt decision-making.

The object of the study is data
stored in the corporate information
system of the organization, methods of
their analysis for making management
decisions.

The subject of the study is the
automation of work with data within
the corporate analytical system, the
identification of data analysis patterns,
as well as the design of an information
analysis system of a university.

The presented information
analysis system will solve the problem
of consolidating disparate data of
corporate information systems, as well
as operational data of the organization.
This is ensured by the creation of a
metadatabase and the formation
of an information analysis system
add-on using PowerBI technologies.
The generally accepted design
scheme of the information system
was modernized demonstrating the
place of the metadatabase within the
corporate information system of the
university. A model of data analysis
based on the formation of production
rules for building a decision tree on the
example of human resources analysis is
presented.

The results of this study can be
useful to analysts, executives and
senior managers of large organizations
in creating an analysis system for the
organization's performance
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1. Introduction

Modern organizations are forced to use various informa-
tion storage and processing systems. For example, 1C Enter-
prise is used to generate financial statements, systems such
as PerCO can be used to record and monitor working hours.
Universities often use their information systems to store
student data, assessment results, scores and attendance. All
these data are difficult to combine into a single structure,
and it is even more difficult to obtain operational data on

one or another direction of the organization’s activities.
The task of the presented model of an information analysis
system is to bring all data to a single system of values and
detail. Interpretation of the analysis results will allow the
head of the university or department to monitor and make
predictive decisions regarding both the internal and exter-
nal situation. University management, improvement of the
research and educational process is a complex problem. It
requires a systematic and timely analysis of comprehensive
and reliable information about the state and problems of the




university’s activities in order to make decisions. This is pos-
sible only through the introduction of modern information
technologies in the process of university management and
their continuous improvement.

To solve this problem, it is necessary to structure and
summarize the data stored in various information systems
of the corporate information system into a common meta-
database. With these data, an information analysis system
is created, which is an add-on to all corporate information
systems and allows using metadatabase data for intelligent
analysis.

The methodology for building an information analysis
system of a university is described in [1]. The basic principles
of organizing a data strategy in the information space of a
university presented in the form of dynamic dashboards and
analysis of key decision-making issues are discussed in [2].
The data structure model and the place of the information
analysis system within the corporate information system of
the university are described in detail in [3]. The development
of comprehensive decision support tools based on expert
evaluation using the analytic hierarchy process is considered
in [4]. An example of the practical application of the infor-
mation environment of an educational institution to form an
individual educational path is presented in [5].

The use of business intelligence programs allows you to
describe an organization as an ecosystem. The operating BI
used consists of complex components that cover the general
functions of storage, processing, monitoring, visualization
and delivery of information to form an ecosystem [6]. A
relevant example is using a data platform for Portuguese
universities [7]. The system architecture of business in-
telligence for AUN-QA Framework for a higher education
institution is presented on the example of the ASEAN uni-
versity network in Turkey [8]. In operations with big data,
special data storage and use models are applied [9]. Provid-
ing researchers with data handling tools is an important
task in the field of research management. It is relevant to
study the principles and mechanisms for implementing data
management systems, including the principles of FAIR
Data [10].

The implementation of data analytics in an enterprise
has its advantages, and the effect of implementation is
expressed in the growth of enterprise competitiveness [11].
The introduction of data analytics is relevant for educa-
tional institutions, for example, colleges [12]. The introduc-
tion of data analytics in public institutions has a positive
effect [13].

The global trend of commercialization of educational
institutions on the one hand allows organizations to make
decisions independently, on the other hand, the organization
takes full responsibility for management decisions. To make
strategically important decisions, the board of directors and
the head of the organization must have reliable, up-to-date
and complete data. By introducing an information analysis
system into corporate information systems, which allows
you to consolidate all the organization data, as well as sup-
plementing it with operational information, senior managers
get a powerful tool for analyzing the current situation. Se-
lecting up-to-date data and creating a metadatabase allows
you to generate interactive reports that are updated at a
given frequency. Therefore, a study on the development of an
information analysis system within the corporate informa-
tion system is relevant.

2. Literature review and problem statement

Strategic management of the educational organization
under constantly changing external and internal indicators
makes the decision support process difficult in terms of data
analysis. If we also consider that data are often stored in dis-
parate information systems of a corporate information sys-
tem (CIS), the process of collection and analysis often takes
longer than necessary to make decisions. Therefore, senior
managers have to rely not on real data, but on the opinions
and experience of employees of relevant departments. Thus,
we get a discrepancy: on the one hand, we have a lot of data
within the corporate information system, on the other hand,
we depend on the professionalism of employees in terms of
data analysis. In fact, decisions are made not on the basis of
data, but on the basis of the qualifications and experience of
the manager. This problem arises from the presence of a large
amount of poorly structured data within the cooperative
information system of the organization.

The problem is also relevant for both the healthcare
system [14] and production enterprises [15]. However, the
authors of these works focus on changing the organization’s
data structure to speed up the analysis and processing
process. For educational organizations, this process can be
very costly in terms of time resources, given the constant
flow of reporting and current documentation. Program-
mers often do not have enough time to create new report-
ing forms according to the requirements of ministries and
departments.

There is a whole area of data analysis using neural net-
works. A number of authors suggest using video to recognize
employees [16]. It is proposed to use ultra-precise neural
networks to determine the weights of multimedia data [17], as
well as to build context-sensitive diffuse networks for detect-
ing visual dependencies [18]. This area is highly specialized,
aimed at solving only problems related to multimedia process-
ing and assumes the presence of a powerful server for building
aneural network, training it and processing video data. Often,
educational organizations cannot afford a powerful additional
server with a neural network deployed on it. Undoubtedly,
the proposed analytical system can include such a direction of
data analysis, if the organization’s hardware allows.

Another area in the development of the organization’s
analytics is the creation of a specialized system that allows
consolidating corporate information system data into a
single information analysis system. Prospects for the de-
velopment of corporate information systems are expressed
in the creation of an integrated information analysis sys-
tem [19]. Such a solution will make it possible to create
cloud-based data processing and visualization systems by
integrating data within the corporate information sys-
tem [20]. Moreover, this approach allows expanding the
capabilities of data analysis by accessing public data from
analytical services [21]. A natural problem an organization
may face is securing data in cloud storage [22]. In this re-
gard, research in the field of building effective data queries
is relevant [23]. It is necessary to ensure the confidentiality
of stored data, and one of the approaches is Random Space
Encryption (RASP) [24].

Summarizing most of the publications related to the
implementation of BI systems in various types of organiza-
tions [25], difficulties faced by any organization are identi-
fied. These are:




— lack or weak integration of data among the systems of
the corporate information system;

— lack of additional servers for publishing analytical data
and ensuring their security;

— dynamically changing data.

Thus, many organizations face the problem of disparate
data stored in corporate information systems.

3. The aim and objectives of the study

The aim of the study is to improve the corporate infor-
mation system for building an information analysis system
on the example of a university. This will make it possible to
create an information analysis system within the corporate
information system, which allows combining and structur-
ing the organization’s data.

To achieve the aim, the following objectives were set:

— to identify the place of the information analysis system
in the corporate information system of the university and de-
termine the design stages of the information analysis system;

— to give an example of data analysis using production
rules, give an example of building a decision tree for a deci-
sion support system;

— to justify the design of the information analysis system
based on the structure of the corporate information system
of the organization;

— to give an example of the development and deployment
of the information analysis system.

4. Materials and methods

The object of the study is data stored in the corporate
information system of the organization, methods of their
analysis for making management decisions.

The hypothesis of the study is that the use of cloud-
based business intelligence systems will allow senior
managers of an educational institution to make decisions
based on real data from integrated corporate information
systems.

Realizing that different corporate systems of educational
institutions have a different number of corporate informa-
tion systems, the following assumptions and simplifications
were made:

— corporate information systems were classified by the
type of their use (accounting and production systems, per-
sonnel management systems, financial and marketing sys-
tems, analytical systems);

— abstracted as much as possible from the names and
technical characteristics of corporate information systems;

— the system of indicators is formulated very condition-
ally, since it is created to solve specific management prob-
lems and is given in the paper as an example to demonstrate
the operation of production rules.

As a tool for creating, structuring and presenting ana-
lytical data, the PowerBI cloud data storage and analysis
system from the Microsoft Corporation was chosen.

The proposed block diagram of the design stages is a
step-by-step algorithm for the development and implementa-
tion of an information analysis system within the corporate
information system. It can be abstracted from the education
system as a whole and implemented within an arbitrary en-
terprise of the production cycle.

5. Stages of development of an information analysis system

5. 1. The place of the information analysis system in
the general structure of the corporate information system

Modern software products and tools make it possible to
create various information analysis systems for monitoring
and regulating key indicators for making management de-
cisions.

If we present existing software products in a hierarchical
form (Fig. 1), it is obvious that accounting and production
systems underlie this pyramid. This is because they process,
structure and store information directly related to materials
and means of production.

Information analysis
systems

Personnel management
systems; financial and
marketing systems

Accounting and
production systems

Fig. 1. Hierarchy of software products in terms of information
analysis and processing (author’s generalized vision)

Since the successful functioning of human resources,
finance and marketing promotion systems requires infor-
mation stored in accounting and production systems, it is
advisable to place them at the next level.

Information analysis systems are an add-on to the pre-
vious two levels of information systems, they combine data
from all systems in the corporate system of the university.
Its main task is to provide information as accessible as pos-
sible to decision-makers, regardless of their location and the
amount of information processed.

The creation of an analytical service for companies,
enterprises and large organizations in the financial and so-
cial sector is becoming an urgent direction. As practice has
shown, not all data stored within the corporate information
system are well structured [7]. One of the conditions for
successful business development is the ability to work with
data flows. From the experience of data analysis, two-thirds
of employees have access to information prohibited to them.
On average, only half of structured and 1 % of unstructured
information is used in decision-making, and analysts spend
80 % on data discovery and preparation. The main tasks
facing the analytical service of any enterprise or organiza-
tion (including universities):

— analysis and structuring of data flows;

— defining the roles of system users;

— optimization of the data collection, processing, storage
and transmission process;

— determination of algorithms for synchronizing dispa-
rate data arrays;

— selection of consolidation means for data processing to
generate analytical reports.




Let’s consider the process of designing an information
analysis system based on a classical representation. The
design of an information analysis system can be divided into
6 stages (Fig. 2). The difference from the classical represen-
tation in this case is the addition of the items “Analysis of
metadata repository (7)”, “Design of metadata store (10)”
and “Development of metadata store (14)”.

By metadata we mean data stored in various corporate
information systems, combined through data integration.

The introduction of these items into the classical design
process will allow you to create an additional metadata
store, which is a virtual database. Such a database consists
of stored procedures, queries, and a number of additional ta-
bles. It does not duplicate the data of corporate information
systems, but only accesses them, if necessary, in the “read
only” mode. Additional tables of such a database consist
of data obtained from additional sources, such as Google
Forms or open data from third-party organizations.

Additional tables can also be created within the orga-
nization to meet their needs for storing data presented in
tabular form. An example of such data is information stored
in Excel and generated from periodic reports. The creation
of an additional information system for storing it is often not
promising, however, data stored in this way can be useful for
an information analysis system.

At the first stage, a feasibility study is carried out in
order to transform or introduce a new information system.
Project goals and objectives, project relationship with the
strategic goal, business strategies, critical success factors
and performance indicators of the company are indicated.

The planning stage is divided into two parts. The main
output of this stage is the project plan. Assessment of the
enterprise infrastructure (2) implies the selection of a meth-
od, general methods for assessing the effectiveness of eco-
nomic systems, special methods adapted for the enterprise
infrastructure. Project planning (3) is a continuous process
aimed at determining and agreeing on the best course of
action to achieve the project goals, taking into account all
factors of its implementation.

The analysis stage is divided into two levels. The main
task of this stage is to determine what data should be used
for the effective implementation of the project, and in what
form the data will be presented after processing by the infor-
mation analysis system. Requirements for the project (4) are
determined by the need to identify the main performance in-
dicators of the project. Data analysis (5) involves the defini-
tion of the main information flows and processing methods.
Application prototyping (6) involves the development of the
interface part of the project, as well as the formation of the
main modules demonstrating the project performance. Anal-
ysis of the metadata repository (7)

Stages of development of information - analytical system

allows you to design an algorithm
for collecting metadata to generate

analytical reports.

Design is an important stage in
the development of an information
analysis system, which gives a clear
idea of its work and appearance. Da-
tabase design (8) represents the pro-

cess of developing a database schema,

analyzing data relationships, extract-
ing information tables, and defining
integrity constraints. At the ETL (9)

(Extract, Transform, Load.) design
stage, the concept of combining data

stored in disparate systems and de-
fining user interactions with them is

determined. Designing a metadata
store (10) consists of the following

steps:

— definition of data store objects
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with functionality.
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Release (16) and deployment
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Fig. 2. Block diagram of the design stages of an information analysis system

viding and testing the service deliv-
ery capabilities identified during the




design phase. The main objectives of release and deployment
management are:

— formation and approval of release plans;

— ensuring that each release package consists of a set of
related and compatible components;

— managing the release and its components within the
implementation processes;

— providing access to information for customers and inves-
tors so that they can effectively use the new or modified service;

— providing access to information for operational person-
nel so that they can provide, maintain and manage the service.

Since some of the above steps are typical and do not
present any difficulties in design, only those whose forma-
tion methodology differs from standard solutions should be
presented in detail.

5. 2. Data analysis using production rules

As an example, the problem of analyzing the quality of
students’ training by levels of education is considered. This
problem was divided into tasks:

1) to study human resources;

2) to study the relevance of disciplines taught;

3) to study the quality of educational material;

4) to identify additional indicators for training specialists.

Each of the tasks involved the allocation of indicators.
To solve the first task, the main indicators affecting the
quality of the university infrastructure were identified. The
database of production rules for data analysis was formed
by experts. The most relevant data analysis indicators were
identified using the analytic hierarchy process [4]. Not only
the priority indicator was taken, but also a number of indi-
cators that have a fairly large weight. Metadata is stored in
additional tables, so they can be adjusted, added or removed
without significantly affecting the corporate information
system. This is convenient, since experts do not have to sin-
gle out or formulate them each time, depending on the study.

On the example of human resources, it is considered what
indicators may be relevant for analysis (Fig. 3). Let some con-
text K={S, P, R} be given, where S is the statuses, parameters of
the research object; P — features that the object of study shows
in this context; R — decisions that should be made if an object
with certain parameters exhibits certain features, i. e. RESXR.

Statuses are the set §={51, §2, ..., Sm}, where m is the
number of parameters characterizing the object.

The features are described by the following sequence
P={P11, P12, ... Pinl; P21, P22, .., P2n2; .., Pm1, Pm2, ..,
Pm nm}, where n={n1, n2, ..., nm} is the number of features for
each of the parameters.

Fig. 3 shows a decision tree for analyzing the human
resources of the department of a typical university. A
general analysis of the department, faculty and univer-
sity staffing can consist of the following parameters and
features.

Labor rate (§1) with the corresponding features: the
rate (P11) when a regular employee works a certain amount
of hours. Part-time employee (P12) is an employee who is
not regular at a given university, but performs a certain
load. Internal part-time employee (P13) — when a regular
employee works a certain number of hours in addition to
the basic rate.

Academic degree (52) — the signs are: master, employee
who has no academic degree (P21); Candidate of Sciences
(P22); PhD (P23); Doctor of Sciences (P24).

An additional parameter is the amount of part-time
job (83). This parameter will allow, having the number
of hours spent by an employee, to judge the volume of his
employment. Features for parameter §3: P31 — 1 labor rate;
P32 — labor rate less than 0.25; P33 — labor rate from 0.25
to 0.5; P34 — labor rate from 0.5 to 0.75; P35 — labor rate
from 0.75 to 1.

The next parameter is the employee age (§4) with the
corresponding features (P41 — age under 35; P42 — age 35 to
49; P43 — age 50 to 63; P44 — age over 63).

An additional parameter S5 is the number (in %) of
employees with certain features. Since there are 4 main
age divisions, as well as 4 divisions by degree, one feature
characterizing the quantitative indicators (in %) for S5 will
be enough:

— P51 — the number of employees is less than 25 %;

— P52 — the number of employees is more than 25 %, but
less than 50 %;

— P53 — the number of employees is more than 50 %, but
less than 75 %;

— P54 — the number of employees is more than 75 %.

Human resources analysis
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Fig. 3. Indicators for the analysis of the human resources of the department




This percentage is not accidental. Firstly, the require-
ments for the number of employees with an academic degree
are typical for state and national universities [2]. It is also
the well-known Interquartile Range (IQR) ratio, adopted
to study the indicators of variability and at the same time
eliminate the calculation error.

The presence of public assignments (56) is a parameter
that can show the amount of social work that the depart-
ment employee performs. The features of such an indicator
are P61 — the number of employees performing less than
5 % of the total amount of public work; P62 — the number of
employees performing more than 5 %, but less than 10 %; etc.

Availability of publications (§7) is an indicator used
when analyzing the activities of employees. The features
describing this indicator are P71 — the number of articles in
the rating indexed in databases that have a non-zero impact
factor; P72 — the number of articles in scientific journals rec-
ommended by the Ministry of Science and Higher Education
of the Republic of Kazakhstan; P73 — the number of articles
published in international conferences.

Participation in grant projects (§8) and quantitative
indicators of the training of undergraduates and doctoral
students (§9) were taken into account in the overall analysis,
but were not considered in this study.

Based on the task, the elements of the decision base of
production rules in the analysis of the department staff were
presented as follows:

— R1 —to recommend an employee to enter a PhD program;

— R2 — to train an employee for a management position;

— R3 — the head of the department should pay attention
to the employee with such features, since he either teaches a
small subject or gives only lectures having no feedback from
students;

— R4 — to monitor the quality of disciplines taught;

— R5 — to recommend that an employee join the staff;

— R6 — to pay attention to the aging of the academic
staff;

— R7 — to monitor the quality of students’ training in the
specialties of the department;

— R8 — to apply to the Ministry of Science and Higher
Education for additional places in doctoral studies.

— R9 — the social work of the department is unevenly
distributed.

The algorithms for each of the decisions are as follows:

1.if P11 and P21 then Rf1;

2.if [P44 and (P13 or P11)]

or [P52 and P43 and (P13 or P11)] then R2;

3.if P12 and P32 then R3;

4.if [P12 and NOT (P21) and P32]

or [P13 and (P34 or P35)]

or [P13 and (P34 or P35) and P42] then R4;

5.if P12 and NOT(P21) and (P33 or P34 or P35) then R5;

6.if P11 and P41 and P51 then R6;

7.if [P12 and NOT(P21) and NOT(P51)]

or [and (P34 or P35) and P42 and NOT(P51)] then R7,

8.if R8=P11 and [P22 and P43 and (P53 or P54)]

and [P21 and (P41 or P42)]

and [P21 and (P41 or P42) and (P52 or P53)] then R8.

9.if P61 and (P53 or P52) and R2 then R9.

Similarly, any analysis and decision-making processes
both at a university and at an enterprise can be described.

Based on the allocated production rules, an analysis was
carried out in two universities of Kazakhstan. The results
were provided to the heads of organizations. Although the

criteria used in both studies were the same, the problems
identified in this study were quite different. At the Al-Farabi
Kazakh National University (Almaty), the problem of severe
aging of the academic staff was revealed. Many professors
teaching master’s and PhD programs are retired (P43). At
the North Kazakhstan University named after Manash
Kozybaev (Petropavlovsk), the problem of scientific activi-
ty was identified (§7). An interesting fact was revealed: if
we take individual indicators, considering the labor rate,
then the indicators P71, P72 and P73 are even higher than
the norms required by internal regulatory documentation.
Further research has shown that this discrepancy is because
not all regular teachers (P11) work full-time. Given the
labor rate of employees, the percentage of scientific work
performed shows a significant excess of the declared indica-
tors. However, in fact, these indicators do not pass even the
minimum requirements of the strategic plan.

The analysis found that the same indicators affecting
the quality of the university’s infrastructure can reveal di-
ametrically opposed problems. This will result in different
management decisions.

3. 3. Design of the information analysis system

When forming the interface of the information analysis
system, it is necessary to determine from which data reports
will be generated and in what form the data will be stored.
At the design, development and deployment stage, they pro-
ceed from what information systems are already available in
the enterprise, what opportunities for their interaction exist.
The environment in which reports will be generated, pub-
lished and stored is determined. When generating reports,
the target audience and user groups are defined.

For example, the Al-Farabi Kazakh National University
(KazNU) established the Center for Situational Manage-
ment (CSM). The tasks of the CSM:

1) information and analytical support for the university’s
activities;

2) monitoring of the educational process;

3) prompt response to emergency situations.

Fig. 4 shows the model of the analytical service of the
Center for Situational Management, which closely interacts
with the working groups of departments. Directions of the
department’s work: educational process, research work,
upbringing process, financial, economic and production
activities, administrative and organizational management,
international activities and strategic management, quality
management systems (QMS), IT services. The analytical
service should be guided by the normative and methodologi-
cal documents of the university (regulations of departments,
QMS procedures, instructions, regulatory documentation
of the departmental ministry, strategic documents of the
university). Analytics engineers of the CSM analytical ser-
vice have access to databases of key subsystems of corporate
information systems of the university.

In Fig. 4, the following abbreviations are used:

— academic department (AD);

—science and innovation department (SID);

—languages and external development
ment (LEDD);

— financial and economic department (FED);

— pre-university training (PT);

— administrative department (AD);

— information technology and innovative development
institute (IT and ID Institute).

depart-




Working groups (AD, SID,
LEDD, FED, PT, AD, Center
for Strategy, IT&ID Institute

Normative and methodological
documentation (regulations,
instructions, QMS procedures,
strategic documents)

5. 4. Development and deployment of the
information analysis system

To generate dashboards containing reports, it
is advisable to use business intelligence systems
for a number of good reasons. First, they allow

Analytical service
Center for Situational
Management

you to integrate, transform and store data from
various information systems of the organization.
Secondly, provide quick access to the necessary
information. Thirdly, they allow you to design
multidimensional storage, conduct an in-depth

Database of statistical

Performance reporting

analysis of large amounts of information. Fourth-
ly, they allow building information reports of

reporting of university CIS methodology . . ‘ .
(indicators) (Univer, Science, Analytical reporting varying con.lple.xrcy (Fig. 4)1 moc.le.hng and fore-
1C, Perco, MS Excel) methodology casting key indicators and visualizing data.

When choosing a prototype for implemen-

Fig. 4. Model of the analytical service of the Center for Situational

Management of the Al-Farabi KazNU

To organize the work of the analytical service, a perfor-
mance reporting methodology and an analytical reporting
methodology have been developed. The PowerBI platform
was chosen as the implementation environment, which
made it possible to bring all the data stored in disparate
information systems of the university. That is, if we return
to the diagram of IAS design stages (Fig. 1), the design and
development of ETL, presented in paragraphs 9 and 11 in
this corporate information system, are carried out using
PowerBI Desktop.

Dashboards are a single real-time data center available
on all devices that gives business users a complete view of the
most important metrics:

1. All organization data in one dashboard (important
data about the entire organization and from all applications
in one system).

2. Creation of interactive reports consisting of tabular
presentation and visualization.

3. Ability to share reports within the organization.

4. Consistent analysis of the entire organization (robust,
reusable data models for consistency in the organization’s
reports and analytics).

5. Convenient embedding of analytics directly into the
application (the ability to embed on site pages, PowerPoint
presentations).

6. Visualization and analysis of data within a single re-
porting system.

7. Universal data access (connect to hundreds of data
sources regardless of location and type).

The deployment in this case is a cloud storage provided
by the Microsoft company for the organization. Access to
data on this platform is available only to the organization’s
users.

Classes of users of the information analysis system:

1. IT department whose primary function is infrastruc-
ture management (preparing data sources in the form of
tables for data viewing and online reporting).

2. Data owner whose role in this system is to determine
access rights depending on the level of users (often a QMS
employee).

3. Analytics engineer who creates reports, places them
on dashboards and provides data access to users.

4. The user analyzes in detail the data obtained from the
reports, creates a request and business decisions.

tation, it is necessary to take into account the
fact that many of the business analysis systems
on the market offer data storage on their servers.
An important advantage of business intelligence
systems is that dashboard data can be viewed remotely
by means of connection through the personal account of
the head of the organization or structural divisions. The
contents of dashboards for different user levels can also be
different. On the one hand, such an approach to obtaining
analytical data can be beneficial for regional universities
that do not have their own servers. On the other hand, the
policy of some organizations (for example, military institu-
tions) prohibits storing information on other servers.

As an example of deployment of the information analysis
system, Fig.5,6 show the appearance of the educational
process dashboard (Fig. 5) and an example of the contingent
growth analytical report (Fig. 6).

The peculiarity of this system is that it is built on the basis
of data stored in various databases of the university’s corporate
information system based on ETL technology. The PowerBI
business intelligence toolkit was used as the implementation tool.

The main purpose of the information analysis system is to
provide a multidimensional analysis of data, trends and fore-
casting the results of various management decisions at all levels
of the management vertical, including corporate reporting,
financial and economic planning and strategic planning.

The data system in the form of analytical indicators can exist
in various forms of reporting. The main task of the information
analysis system is to combine disparate indicators to build strate-
gic maps. On the one hand, they demonstrate various directions
of the organization’s activities, on the other hand, they show the
real state of affairs within the framework of one dashboard. This
greatly helps the decision-maker, since data are presented in a
convenient visual form and do not require the generation of re-
ports by the relevant departments of the organization.

The main features of the TAS:

— maintenance and display of regulatory reference infor-
mation on controlled technological processes;

— drawing up schedules, determining deadlines for indi-
vidual operations and critical path of the process;

— monitoring progress and adjusting the schedule in case
of unforeseen delays;

— establishment of cause-and-effect relationships in the
implementation of activities based on available data;

— provision of data on the deployment of personnel,
equipment and rescue equipment;

— creation of standardized and customizable reports pro-
viding an arbitrary sample of information stored in the TAS.
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Fig. 6. Appearance of the analytical report of the information analysis system

Competitive advantages of the IAS:

— reduction of information search and analysis time up
to 50 %;

— the possibility of expanding the composition of pro-
cessed information without involving the system developer;

— the possibility of adjusting the rules for analyzing in-
formation stored in the TAS by the user;

— the possibility of integration with customer informa-
tion systems.

6. Discussion of the results of designing the information
analysis system

The layout of the information analysis system presented
in Fig. 5 is a web application implemented in the PowerBI
system account. Reports can be multi-page, consisting of
table data, graphical data views and selection lists. They are
dynamic data that change depending on the filters applied.

The data are displayed directly by communicating with the
database server, or updated as required. Reports can be
embedded in corporate web pages. Access to data can be
regulated by providing a login and password to the corre-
sponding user roles.

The proposed production rules are often drawn up by
experts in the field of management decision-making, or by
senior managers. Reporting forms given as an example are
created in accordance with the reporting documentation of
the organization. Reporting forms are a dynamic structure
developed and published by analytics engineers (Fig. 4) in
accordance with the requirements of the head of the organi-
zation based on the data of the corporate information system
of the university.

The advantage of this approach to the design of an infor-
mation analysis system is that a fundamentally new infor-
mation system is not created. Data are taken from existing
database tables of corporate information systems. Integra-
tion takes place within the PowerBI system, the key fields




are data identical to the key fields of different databases and
the same in content. Data are read in the “read only” format,
so users of the information analysis system cannot make
changes to the submitted reports. The publication of reports
is possible either by providing access to the report within the
PowerBI system, or by publishing the corresponding report
within the corporate site.

The advantage of using PowerBI as a consolidating sys-
tem and a base for creating an information analysis system
is, firstly, the ability to work with all types of databases. Sec-
ondly, data consolidation occurs within the system. Thirdly,
the ability to supplement reports with any other structured
data, such as Excel spreadsheets or Google Forms. Built-in
R and Python programming languages enable data research.

A feature of the proposed method is the ability to com-
bine the organization’s data stored in various information
systems, supplement them with department reports and
survey data. Formalizing information into dynamic re-
ports, structuring them into dashboards, and presenting
them in infographic format are important for information
visualization.

Limitations for implementing the information analysis
system using PowerBI are the corporate requirements of an
organization to store data on the organization’s servers only.
An example is military institutions and departments.

The disadvantage of PowerBI is the fact that data are
published on a Microsoft server. As for the method of data
presentation, no shortcomings were found.

The information analysis system can be developed by
adding missing data by integrating with reports in Excel,
Google Forms and other sources. Processing of the obtained
data can be carried out using algorithms for data analysis
and programming in R and Python.

7. Conclusions

1. A feature of the algorithm for designing an informa-
tion analysis system within the corporate information sys-
tem of a university is the creation of a metadatabase based
on the stored data of corporate information systems. The
given block diagram of the logical design stages shows the
place of the metadatabase within the corporate information
system. It can be applied for both educational organizations
and production enterprises.

2. Production rules and possible decisions are presented.
Being a structural unit of the metadatabase, the rules and
decisions make it possible to form an intelligent add-on,
which in turn is an element of the information analysis sys-

tem. An example of human resources analysis is given, the
relationship between data from various corporate informa-
tion systems is shown.

3. The design of the toolbar of the information analysis
system, as well as an interactive report that allows you to
view the metadatabase, is presented. Dynamic dashboards
are built in such a way that they allow consolidating data
stored in databases of corporate information systems with
data obtained through expert assessments and production
rules and decisions formed on their basis.

4. Graphical representation of the analyzed data allows
you to see the dynamics of changes. If several users access
the same report at the same time, the selected filters of one
do not depend on the other in any way. Thus, each of the
users of the information analysis system, based on the same
data, receives different reports, depending on the selected
combination of filters. Reports can be generated in an info-
graphic or tabular format.
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