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Introduction 
 

The academic discipline "Business Intelligence in Finance" belongs  

to the cycle of professional and practical training, to the group of compulsory 

educational components of master's training. The knowledge gained as  

a result of studying the discipline will help students to solve a wide range  

of tasks – from analyzing, processing and systematizing arrays of financial 

information to developing relational databases in MS Access, implementing 

work in environments for creating dashboards for corporate information 

systems of business entities. 

The purpose of the academic discipline is to develop in-depth know-

ledge and skills of existing information systems and digital technologies for 

processing and accounting, rational use of financial information, as well as 

practical skills in the effective use of modern digital technologies in the 

process of financial and economic activities of enterprises and organizations. 

The objectives of the academic discipline are: to study the theoretical 

and practical aspects of the selection and application of specific tools and 

instruments for automated analysis of financial and economic information,  

the peculiarities of the functioning of information in automated information 

systems, the formation of theoretical and practical knowledge of financial 

calculations using tabular databases, the formation of knowledge of the use 

of modern tools for the formation of financial data arrays and dashboards  

for tracking them. 

The subject of the academic discipline is business intelligence tools  

that provide processing of financial and economic information. 

The learning outcomes and competencies that the discipline forms  

are given in Table 1. 

Table 1 
 

Learning outcomes and competencies formed  

by the academic discipline 
 

Learning outcomes Competencies 

PR04 SC7, SC9 

PR05 GC2, GC8 

PR08 SC8, SC9 

PR09 SC9 

PR10 SC6, SC7 

PR15 GC2, SC11 
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PR04. Ability to search for, process, systematize and analyze information necessary 

for solving professional and scientific problems in the field of finance, banking, insurance 

and the stock market. 

PR05. Ability to communicate fluently in a foreign language orally and in writing  

on professional and scientific issues, present and discuss research results. 

PR08. Ability to apply and manage innovative approaches in the field of finance, 

banking, insurance and the stock market. 

PR09. Ability to apply management skills in the field of finance, banking, insurance 

and stock market. 

PR10. Ability to carry out diagnostics and modeling of financial activities of economic 

entities. 

PR15. Ability to apply BI (Business Intelligence) tools to organize quick access to 

heterogeneous data from various sources, process it, and visualize it to support financial 

decision-making. 

SC6. Ability to apply interdisciplinary approaches in solving complex problems and 

issues in the field of finance, banking, insurance and stock market. 

SC7. Ability to search, use and interpret information necessary for solving profes-

sional and scientific problems in the field of finance, banking, insurance and stock market. 

SC8. Ability to apply innovative approaches in the field of finance, banking, insurance 

and stock market. 

SC9. Ability to develop technical specifications for the design of information systems 

in the field of finance, banking, insurance and stock market. 

SC11. Ability to provide quick access to heterogeneous data from various sources, 

process and visualize them to support financial decision-making using a BI (Business 

Intelligence) tool. 

GC2. Ability to communicate in a foreign language. 

GC8. Ability to work in an international context. 
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Laboratory work 1. 

Formation of a database in MS Excel  

on the topic of analytical research 
 

The purpose of the laboratory work is to determine the key characteristics 

of analytical research in the field of financial activities of business entities or 

financial institutions; to gain practical skills in collecting analytical information 

for research; to form a data set for further analytical research. 

 

General guidelines 

Data analysis is a highly iterative and non-linear process, better 

reflected by a series of epicycles, in which information is learned at each 

step, which then informs whether (and how) to refine, and redo, the step that 

was just performed, or whether (and how) to proceed to the next step. In data 

analysis, the iterative process that is applied to all steps of the data analysis 

can be conceived of as an epicycle that is repeated for each step along  

the circumference of the entire data analysis process. Some data analyses 

appear to be fixed and linear, such as algorithms embedded into various 

software platforms, including apps. However, these algorithms are final data 

analysis products that have emerged from the very non-linear work of 

developing and refining a data analysis so that it can be "algorithmized". 

While a study includes developing and executing a plan for collecting 

data, a data analysis presumes the data have already been collected. More 

specifically, a study includes the development of a hypothesis or question,  

the designing of the data collection process (or study protocol), the collection  

of the data, and the analysis and interpretation of the data. 

Because a data analysis presumes that the data have already been 

collected, it includes development and refinement of a question and the 

process of analyzing and interpreting the data. It is important to note that 

although a data analysis is often performed without conducting a study, it may 

also be performed as a component of a study. 

For each of the core activities, it is critical to realize the following steps:  

setting expectations; 

collecting information (data), comparing the data to your expectations, 

and if the expectations don't match; 

revising your expectations or fixing the data so your data and your 

expectations match. 
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Iterating through this 3-step process is the "epicycle of data analysis". 

There are 5 core activities of data analysis:  

stating and refining the question; 

exploring the data; 

building formal statistical models; 

interpreting the results; 

communicating the results. 

The repeated cycling through each of these five core activities that  

is done to complete a data analysis forms the larger circle of data analysis. 

There are six basic types of questions. Understanding the type of 

question may be the most fundamental step to ensure that, in the end, 

interpretation of the results is correct. The six types of questions are:  

a descriptive question is one that seeks to summarize a characteristic  

of a set of data. There is no interpretation of the result itself as the result  

is a fact, an attribute of the set of data that you are working with; 

an exploratory question is one in which you analyze the data to see  

if there are patterns, trends, or relationships between variables. These types 

of analyses are also called "hypothesis-generating" analyses because rather 

than testing a hypothesis as would be done with an inferential, causal,  

or mechanistic question, you are looking for patterns that would support 

proposing a hypothesis; 

an inferential question would be a restatement of this proposed hypo-

thesis as a question and would be answered by analyzing a different set  

of data; 

a predictive question makes it possible to determine the predictive 

behavior of the studied indicator, phenomenon or object; 

a causal question asks about whether changing one factor will change 

another factor, on average, in a population. Sometimes the underlying design 

of the data collection, by default, allows for the question that you ask to be 

causal; 

finally, a mechanistic question allows us to find the answer to how  

a change in one indicator affects the change in another indicator or the 

phenomenon under study. 

There are five key characteristics of a good question for a data analysis, 

which range from the very basic characteristic that the question should not 

have already been answered to the more abstract characteristic that each  
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of the possible answers to the question should have a single interpretation 

and be meaningful. 

The question should be of interest to your audience, the identity of which 

will depend on the context and environment in which you are working with 

data. If you are in academia, the audience may be your collaborators, the 

scientific community, government regulators, your funders, and/or the public. 

If you are working at a startup, your audience is your boss, the company 

leadership, and the investors. You should also check that the question has 

not already been answered. With the recent explosion of data, the growing 

amount of publicly available data, and the seemingly endless scientific 

literature and other resources, it is not uncommon to discover that your 

question of interest has already been answered. The question, should also,  

of course, be answerable. Specificity is also an important characteristic of  

a good question. 

A database, as a means of collecting and organizing information, 

contains information about indicators that characterize a particular process, 

phenomenon, object, etc. 

 

Work in progress 

Task 1. Determine the purpose of the analytical research in accordance 

with the topic of the student's research or in accordance with the topic of  

the master's thesis. 

Task 2. Formulate a hypothesis and expectations for the research 

results. Determine what questions (by type) will be raised and solved in   

the course of the research, characterize them. 

Task 3. Identify potential audience (stakeholders) of the research 

results. 

Task 4. Using open sources of information on the Internet, form a set  

of relevant data for analytical research. 

The data set should be presented in the form of tables and (if necessary 

and appropriate) graphs or diagrams in the form of a file in the Microsoft 

Excel spreadsheet editor. The data should meet the purpose and expectations 

regarding the results of the analytical study. 

The data may relate to the financial activities of individual enterprises, 

banks, financial institutions, the banking system as a whole, financial, 

economic and budgetary indicators of the macro level, depending on the 

focus and purpose of the analytical study. The time period for data collection 
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is at least 3 years, and if the research involves building models or contains 

forecasting questions, at least 10 time points. References to data sources are 

required. 

 

Requirements for a report on laboratory work 

The report on the laboratory work should contain:  

1) a title page; 

2) the purpose of the laboratory work; 

3) a file with data in MS Excel; 

4) a file in MS Word containing answers to the questions raised and 

conclusions reached in the progress of the laboratory work. 

 

Checklist questions 

1. Name and describe the iterations of data mining. 

2. Identify and describe how expectations for data analysis are set. 

3. What sources of information should be used in the process of generating 

data for analysis? 

4. What types of analytical questions do you know? Describe them. 

5. What is the need to revise the expectations of the analyst depending 

on the data collected? 

6. Who can be potential users (stakeholders) of the results of analytical 

research in the financial sector? 

7. Justify the need for correct interpretation of the results of analytical 

research. 

8. What is the need for communication skills and presentation of research 

results? 

9. Describe the characteristics of a qualitative research question. 

 

Task for self-study 

Based on open sources of Internet data, formulate the topic and 

purpose of the analytical research and create a data set in Microsoft Excel, 

taking into account that the objects of research can be any financial 

phenomena, processes, aspects of financial activities of business entities, 

banking institutions, budgetary institutions at both the micro and macro levels. 

Please indicate your expectations regarding the results of the future 

study. Formulate analytical questions and name their types. Identify the 

potential audience interested in the research results. 
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Laboratory work 2.  

Analytical study of the data set 

 

The purpose of the laboratory work is to perform analytical calculations 

in accordance with the formed expectations and questions for the generated 

data set, to form analytical conclusions. 

 

General guidelines 

There are six basic types of questions, as we could see in the general 

guidelines to laboratory work 1:  

descriptive; 

exploratory; 

inferential; 

predictive; 

causal; 

mechanistic. 

And the type of question directly affects which mathematical methods 

and models you should choose to process the generated data set and how 

you interpret your results. 

Exploratory data analysis is the process of exploring your data, and it 

typically includes examining the structure and components of your dataset, 

the distributions of individual variables, and the relationships between two  

or more variables. The most heavily relied upon tool for exploratory data 

analysis is visualizing data using a graphical representation of the data. Data 

visualization is arguably the most important tool for exploratory data analysis 

because the information conveyed by graphical display can be very quickly 

absorbed and because it is generally easy to recognize patterns in a graphical 

display. 

Making a plot to visualize data is a good way to further understanding  

of question and data. Plotting can occur at different stages of a data analysis. 

For example, plotting may occur at the exploratory phase or later on in the 

presentation/communication phase. 

There are two key reasons for making a plot of data. They are creating 

expectations and checking deviations from expectations. At the early stages 

of analysis, you may be equipped with a question/hypothesis, but you may 

have little sense of what is going on in the data. So, making some sort of plot, 



10 

which serves as a summary, will be a useful tool for setting expectations  

for what the data should look like. 

Plots are particularly good at letting you see deviations from what you 

might expect. Tables typically are good at summarizing data by presenting 

things like means, medians, or other statistics. Plots, however, can show you 

those things, as well as show you things that are far from the mean or 

median, so you can check to see if something is supposed to be that far 

away. Often, what is obvious in a plot can be hidden away in a table. 

In addition to visualization and graphing, depending on the questions 

posed when forming the data set, it is advisable to use various methods  

of analytical research. 

For example, if the research poses descriptive questions, it is advisable 

to use vertical and horizontal analysis methods to study the data set, 

accompanied by the construction of structural diagrams or bar charts. 

A horizontal analysis is used to assess the development of financial 

phenomena and processes over time (dynamics), and is based on the study 

of the dynamics of individual financial indicators, items included in the 

financial statements or their groups. The most typical forms of horizontal 

analysis are:  

assessment of the dynamics of financial indicators of the reporting  

and previous periods; 

comparison of financial indicators of the reporting period with the 

planned ones; 

assessment of the dynamics of financial indicators over a number of 

periods. 

The purpose of this method is to identify trends in the indicators 

characterizing the financial activities of the enterprise. In the process of 

analyzing the indicators by series of dynamics, the following characteristics  

of values are calculated and used: absolute growth, growth rate, growth rate 

and the absolute value of one percent of growth. 

A vertical (structural) analysis is aimed at determining the structure of 

financial indicators and identifying the impact of each reporting item on the 

overall result. It is used for indicators that have additive calculation models. 

If the study contains prognostic, exploratory and causal questions, it is 

advisable to use a time-series forecasting method or a regression model  

to build predictive values of indicators. 
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The trend-based approach to forecasting economic indicators is based 

on extrapolating the leveled values of the dynamic time series of the fore-

casted indicator. Extrapolation means extending the patterns, relationships, 

and correlations identified in the period under study to the future. This means 

that the identified trends observed in the past are used to estimate future 

changes. Extrapolation is useful for prospective analysis of both the factors  

of influence and the final indicators. 

Trend models allow for short- and medium-term forecasting under certain 

conditions:  

the observation period should be sufficient to identify patterns; 

the trend model should develop gradually; 

the process must demonstrate inertia, i. e. significant changes take  

a long time; 

data autocorrelation should decay rapidly, which means that newer  

data has a greater impact on the forecast. 

The trend line is widely used to solve forecasting problems using 

regression analysis methods. The trend function is selected using the least 

squares method. To evaluate the accuracy of the model, the coefficient  

of determination is used, based on estimates of the variance of empirical  

data and the values of the trend model. The trend model shows a trend in  

the development of the process if the coefficient of determination tends to 1. 

Correlation and regression analysis is the construction and analysis  

of an economic and mathematical model in the form of a regression equation 

(correlation equation) that reflects the dependence of the resultant feature  

on one or several attributes of the factors and provides an assessment of  

the degree of closeness of the relationship. 

Correlation and regression analysis is a classic method of probabilistic 

modeling that examines the relationship between performance indicators 

when the dependence between them is not strictly functional or distorted  

by the influence of external (random) factors. As a result, the closeness of  

the relationship between two random attributes or factors is searched for and 

evaluated (correlation analysis), and a specific type of dependence between 

the studied parameters is subsequently established (regression analysis). 

The process of building a model involves imposing a specific structure 

on the data and creating a summary of the data. The model is a mathematical 

equation that reflects the shape or pattern of the data, and the equation 

allows you to summarize the thousands of observations with one number. 
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A statistical model serves two key purposes in a data analysis, which 

are to provide a quantitative summary of your data and to impose a specific 

structure on the population from which the data were sampled. A statistical 

model must also impose some structure on the data. At its core, a statistical 

model provides a description of how the world works and how the data were 

generated. The model is essentially an expectation of the relationships 

between various factors in the real world and in your dataset. What makes  

a model a statistical model is that it allows for some randomness in generating 

the data. 

Building statistical models is also often used to find answers to inferential 

and mechanistic questions. 

It is also advisable to use the method of cluster analysis to find answers 

to exploratory and inferential questions. 

Cluster analysis is a multivariate statistical research method that 

involves collecting data containing information about sample objects and 

organizing them into relatively homogeneous, similar groups. The purpose  

of cluster analysis is to search for existing structures, which is expressed  

in the formation of groups of similar objects – clusters. 

Unlike other methods, this type of analysis makes it possible to classify 

objects not by one feature, but by several simultaneously. For this purpose, 

appropriate indicators are introduced that characterize a certain degree of 

proximity in all classification parameters. 

A cluster is a term that refers to a group of objects with homogeneous 

characteristics. Cluster analysis solves the problem of classifying objects  

in the absence of a priori information about observations within the classes. 

There are such clustering methods as:  

joining (tree clustering); 

k-means clustering; 

two-way joining. 

Cluster analysis methods can be divided into two main groups: hierarchical 

(natural) and non-hierarchical (artificial). It is recommended that both methods 

be used alternately. 

The factor analysis is also appropriate for use in the process of  

exploratory data analysis. Factor analysis is a set of methods that, based  

on the actual relationships of features (or objects), allow identifying latent 

(hidden) generalized characteristics of the organizational structure and the 

mechanism of development of the phenomena and processes under study. 
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Factor analysis helps to solve two important problems of the researcher: 

to describe the object of measurement comprehensively and at the same  

time compactly. Factor analysis helps to identify hidden variables of factors 

responsible for the presence of linear statistical relationships between the 

observed variables. 

The two main goals of factor analysis are:  

determination of the relationships between variables, (classification  

of variables), i. e. objective R-classification; 

reducing the number of variables required to describe the data. 

In this context, factor analysis is used as a method of incomplete 

feature reduction. The essence of the task of reducing the dimensionality  

of the feature space is to present the initial information, which is given in  

the form of a sufficiently large number of feature descriptions, in a space of  

a smaller dimensionality, if possible, with minimizing the loss of information. 

At the same time, it is possible to apply the method of full feature 

reduction – taxonomic analysis. 

The main purpose of using the taxonomy method is to build a generalized 

assessment of a complex object or process. The taxonomic indicator is calculated 

according to the classical algorithm of taxonomic analysis, which includes  

the following steps:  

formation of the observation matrix; 

standardization of the values of the elements of the observation matrix; 

identification of the reference vector; 

determination of the distance between individual observations and the 

reference vector; 

calculation of the taxonomic development coefficient. 

The taxonomic indicator of the level of development is a synthetic  

value that is equally effective for all the features that characterize objects. 

This allows it to linearly organize the elements of the studied population. 

 

Work in progress 

Task 1. Justify the choice of analytical research methods based on the 

hypothesis, expectations from the study and the questions posed, taking  

into account their type. 

Task 2. Using the data set generated in Laboratory work 1, perform 

analytical calculations using the methods selected above. 
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Task 2.1. Application of the time series forecasting method for fore-

casting financial indicators in the Microsoft Excel. (Requirements – the time 

series of the indicator is at least 10 points). 

Step 1. Drawing a graph with markers for the indicator (Fig. 1). 

 

 

 

Fig. 1. Inserting a graph with markers 

 

Step 2. Right-click on the chart line and select the "Add trend line" 

option. The "Trend Lines" window offers different types of trend lines. Select 

each of the available lines in sequence, setting the forecast period for 1 

period ahead in the parameters tab, as well as specifying the options: "show 

equations on the chart" and "put the approximation probability value R^2  

on the chart". 

Step 3. Create trend lines for five types of approximations on different 

charts (linear, logarithmic, polynomial, power, exponential). Then, based on 

the value of the approximation coefficient, select the optimal function (Fig. 2). 

 

 

 

Fig. 2. Plotting a trend line 

 

Justify your decision in your report, making sure to include the function 

and the value of the approximation coefficient. 
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Step 4. To determine the forecast value of the indicator in the dialog 

box, select the "Forward" option and specify +1 or another number of periods. 

The forecast value of the indicator will be displayed on the chart (Fig. 3). 

 

 
 

Fig. 3. Building the forecast value of the indicator 

 

Thus, the result of applying the time-series forecasting method will be 

the forecast values of financial indicators. 

Task 2.2. Application of the cluster analysis method for diagnosing and 

grouping objects with similar characteristics. (Requirements – availability of  

a data sample with at least 10 objects, each with at least 3 characteristics). 

Step 1. Generate initial data in the Statistica (Fig. 4). 

 

 
 

Fig. 4. Input data for cluster analysis 
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Before starting a cluster analysis, it is necessary to standardize the 

initial data. 

Step 2. First, the initial data should be clustered using hierarchical clas-

sification (Fig. 5). 

 

 
 

Fig. 5. Selecting a data clustering method 

 

The result of clustering is a dendrogram (Fig. 6). 

 

 
 

Fig. 6. A vertical dendrogram constructed  

by the complete linkage method 
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When performing clustering by hierarchical classification, a student  

can choose any method presented in the Statistica program (single linkage, 

complete linkage, Ward's method, etc.). The final choice of method is at  

the discretion of the student and must be justified in the laboratory report. 

The student must provide an interpretation of the results – indicate and 

justify the number of clusters. Additionally, the Euclidean distances between 

the objects of observation and the scheme of clustering should be provided 

(Fig. 7 – 8). 

 

 
 

Fig. 7. The Euclidean distances (part of a chart) 

 

 
 

Fig. 8. The amalgamation schedule (part of a chart) 

 

As a result, in Fig. 6 we can distinguish 3 clusters, where the members 

of the first cluster are JSC Bank Forward, JSC Creditinvest Bank, JSC ING 

Bank Ukraine, JSC ProCredit Bank, JSC Piraeus Bank ICB, JSC CredoBank, 

JSC PravexBank. The second cluster includes JSC Credit Europe Bank,  
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JSC Deutsche Bank DBU, JSC CEB Corporate Bank, JSC CityBank, and 

JSC UkrSibbank. The third cluster included such banks as Sens Bank, Credit 

Agricole Bank, OTP Bank, Raiffeisen Bank. 

Step 3. The next step is to perform a cluster analysis using the k-means 

method (Fig. 9), in which the number of clusters is initially set. In this case, 

the number of clusters is 3. 

 

 
 

Fig. 9. A window for selecting the k-means method 

 

The graph of means for the clusters is shown in Fig. 10. 

 

 
 

Fig. 10. The graph of means for clusters 
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The quality of the cluster analysis should be determined by analysis  

of variance (Fig. 11). 

 

 
 

Fig. 11. Results of the analysis of variance 

 

Since the p-value for each of the factors does not exceed 0.05, it is 

inappropriate to exclude any indicator from clustering. 

Descriptive characteristics for each cluster are shown in Fig. 12. 

 

 

 

 
 

Fig. 12. Descriptive characteristics of clusters 
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The composition and characteristics of the clusters are shown in Fig. 13. 

 

 

 

 

 

Fig. 13. The composition and characteristics of clusters 

 

Thus, as a result of the cluster analysis, the number of clusters should 

be determined and their economic characteristics should be formed. In this 

case, we can see that according to the results of using the k-means method, 

the first cluster includes Sens Bank, Credit Agricole Bank, OTP Bank, 

Raiffeisen Bank, JSC PravexBank. The second cluster united JSC Credit 

Europe Bank, JSC Deutsche Bank DBU, JSC CEB Corporate Bank, JSC 

CityBank, and the third one included JSC Bank Forward, JSC Creditinvest 

Bank, JSC ING Bank Ukraine, JSC ProCredit Bank, JSC Piraeus Bank ICB, 

JSC CredoBank, JSC PravexBank. The first cluster was formed by banks that 

are characterized by a large scale of operations, but have an average share 

of the loan portfolio in assets and a rather low level of lending efficiency (the 

ratio of interest income to the size of the loan portfolio). The second and third 
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clusters include banks with a significantly smaller scale of operations, but the 

banks in the second cluster have the lowest share of loans in assets, while 

the efficiency of lending operations is the highest among the banks studied. 

Banks in the third cluster, on the contrary, have the highest share of lending 

operations, but the lowest level of their profitability. 

Thus, the cluster analysis made it possible to diagnose a group of 

Ukrainian banks in terms of the efficiency of their lending activities, given  

their scale. 

 

Requirements for a report on laboratory work 

The report on the laboratory work should contain:  

1) a title page; 

2) the purpose of the laboratory work; 

3) a file with data in MS Excel, Statistica or another program student 

used; 

4) a file in MS Word containing answers to the questions raised and 

conclusions reached in the progress of the laboratory work. 

 

Checklist questions 

1. Describe the characteristics and scope of use of a descriptive question. 

2. Describe the characteristics and scope of use of an exploratory question. 

3. Describe the characteristics and scope of use of an inferential question. 

4. Describe the characteristics and scope of use of a predictive question. 

5. Describe the characteristics and scope of use of a causal question. 

6. Describe the characteristics and scope of use of a mechanistic question. 

7. What is data visualization and what tools should be used for data 

visualization? 

8. What is the feasibility and necessity of building graphs and charts 

when analyzing data? 

9. Describe the methods of horizontal and vertical analysis. What is  

the purpose of using them? 

10. Describe the method of trend forecasting. In your opinion, what type 

of questions should be used to answer in this case? 

11. Describe the method of cluster analysis. In your opinion, what type 

of questions should be used to answer? 

12. Describe the method of factor analysis. In your opinion, what type  

of questions should be used to answer? 
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13. Describe the method of taxonomic analysis. In your opinion, what 

type of questions should be used to answer? 

 

Task for self-study 

Using the data set generated in Laboratory work 1, formulate research 

questions, indicating their type (at least 2 types of questions should be 

selected). Justify the choice of the type of questions based on the generated 

data set. 

Using the proposed methods (at the student's choice), conduct analytical 

calculations using MS Excel, Statistica or another program depending on the 

chosen research methods. Prepare a report, formulate analytical conclusions. 

 

Laboratory work 3.  

Building statistical models for data analysis  

and forecasting 

 

The purpose of the laboratory work is building statistical models for 

data analysis and forecasting in accordance with the formed set of financial 

and economic indicators. 

 

General guidelines 

In a very general sense, a model is something we construct to help us 

understand the real world. For example, a financier has retrospective data on 

a company's revenues, expenses, and profits and wants to use it to predict 

the company's financial position in the future. The data analyst uses the data 

to construct a model to predict what will happen with the company's financial 

position in the future. The process of building a model involves imposing  

a specific structure on the data and creating a summary of the data. In the 

financial data example, you may have time series of observations, so the 

model is a mathematical equation that reflects the shape or pattern of  

the data, and the equation allows you to summarize the observations with,  

for example, one number, which might be an indicator of the probability of  

a company's bankruptcy. 

A statistical model serves two key purposes in a data analysis, which 

are to provide a quantitative summary of your data and to impose a specific 

structure on the population from which the data were sampled. It's sometimes 
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helpful to understand what a model is and why it can be useful through  

the illustration of extreme examples. 

The first key element of a statistical model is data reduction. The basic 

idea is you want to take the original set of numbers consisting of your dataset 

and transform them into a smaller set of numbers. If you originally started  

with 20 numbers, your model should produce a summary that is fewer than 

20 numbers. The process of data reduction typically ends up with a statistic. 

Generally speaking, a statistic is any summary of the data. The sample mean, 

or average, is a statistic. So is the median, the standard deviation, the  

maximum, the minimum, and the range. Some statistics are more or less 

useful than others but they are all summaries of the data. 

But a simple summary statistic, such as the mean of a set of numbers, 

is not enough to formulate a model. A statistical model must also impose some 

structure on the data. At its core, a statistical model provides a description  

of how the world works and how the data were generated. The model is 

essentially an expectation of the relationships between various factors in  

the real world and in your dataset. What makes a model a statistical model  

is that it allows for some randomness in generating the data. 

The usefulness of a statistical model will depend on how accurately it 

reflects the data we collect in the real world. The following steps should be 

taken to check whether the data collected reflects reality:  

1. Develop expectations: draw a fake picture – what do we expect to 

see before looking at the data? 

2. Compare our expectations to the data. 

3. Refine our expectations, given what the data show. 

It's common to look at data and try to understand linear relationships 

between variables of interest. The most common statistical technique to help 

with this task is linear regression. The simplest model that we might formulate 

for characterizing the relationship between financial performance, as we are 

investigating, is a linear model. This model says that, for example, if the 

company's receivables increase, its profit decreases. Statistical theory 

suggests a number of different approaches to determining when a statistical 

model is "good enough" and fits the data well. 

Model building, like the entire process of data analysis itself, is an 

iterative process. Models are used to provide data reduction and to give  

you some insight into the population about which you are trying to make 

inference. It's important to first set your expectations for a how a model 
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should characterize a dataset before you actually apply a model to data. Then 

you can check to see how your model conforms to your expectation. Often, 

there will be features of the dataset that do not conform to your model and 

you will have to either refine your model or examine the data collection 

process. 

Associational analyses are ones where we are looking at an association 

between two or more features in the presence of other potentially confounding 

factors. There are three classes of variables that are important to think about 

in an associational analysis. 

1. The outcome is the feature of your dataset that is thought to change 

along with your key predictor. 

2. Key predictor. Often for associational analyses there is one key 

predictor of interest (there may be a few of them). We want to know how the 

outcome changes with this key predictor. However, our understanding of that 

relationship may be challenged by the presence of potential confounders. 

3. Potential confounders. This is a large class of predictors that are both 

related to the key predictor and the outcome. It's important to have a good 

understanding what these are and whether they are available in your dataset. 

Once you have identified these three classes of variables in your 

dataset, you can start to think about formal modeling in an associational 

setting. 

The basic form of a model in an associational analysis is:  

 

y = a + bx + cz + d, 

where y is the outcome; 

a is the intercept, i. e. the value y when x = 0 and z = 0; 

b is the change in y associated with a 1-unit increase x, adjusting for z; 

x is the key predictor; 

c is the change in y associated with a 1-unit increase in z, adjusting  

for x; 

z is a potential confounder; 

d is independent random error. 

 

This is a linear model, and our primary interest is in estimating the 

coefficient b, which quantifies the relationship between the key predictor x 

and the outcome y. 
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The model shown above could be thought of as the primary model. 

There is a key predictor and one confounder in the model where it is perhaps 

well known that you should adjust for that confounder. This model may produce 

sensible results and follows what is generally known in the area. But some-

times the goal is to use all of the information available to you to predict y. 

With prediction models, we have outcome variables – features about 

which we would like to make predictions – but we typically do not make  

a distinction between "key predictors" and other predictors. In most cases, 

any predictor that might be of use in predicting the outcome would be 

considered in an analysis and might, a priori, be given equal weight in terms 

of its importance in predicting the outcome. 

Prediction analyses will often leave it to the prediction algorithm to 

determine the importance of each predictor and to determine the functional 

form of the model. For many prediction analyses it is not possible to literally 

write down the model that is being used to predict because it cannot be 

represented using standard mathematical notation. Many modern prediction 

routines are structured as algorithms or procedures that take inputs and 

transform them into outputs. The path that the inputs take to be transformed 

into outputs may be highly nonlinear and predictors may interact with other 

predictors on the way. 

Typically, there are no parameters of interest that we try to estimate –  

in fact many algorithmic procedures do not have any estimable parameters  

at all. 

The key thing to remember with prediction analyses is that we usually 

do not care about the specific details of the model. In most cases, as long as 

the method "works", is reproducible, and produces good predictions with 

minimal error, then we have achieved our goals. 

With prediction analyses, the precise type of analysis you do depends 

on the nature of the outcome (as it does with all analyses). Prediction 

problems typically come in the form of a classification problem where the 

outcome is binary. In some cases the outcome can take more than two levels, 

but the binary case is by far the most common. 

 

Work in progress 

Task. Use the regression analysis method to build a model (requirements: 

the length of the time series for the dependent and independent variables  

is at least 10 years). 
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Step 1. Define the dependent and independent variables in the dataset. 

The dependent variable (y) is a variable that describes the process that 

needs to be predicted or understood. Independent variables (X) are variables 

used to model or predict the values of dependent variables. 

Using the Statisticа, create a file with the initial data for building the 

model (Fig. 14). 

 

 
 

Fig. 14. Initial data for model building 

 

The input data for the analysis in this example are:  

Int_fr is integral indicator of the level of company's financial risk; 

R1 is cash ratio; 

R2 is current ratio; 

R3 is financial leverage ratio; 

R4 is financial stability ratio; 

R5 is receivable turnover ratio; 

R6 is payable turnover ratio; 

R7 is revenue growth rate to cost price rate; 

R8 is net profit margin; 

R9 is return on equity (ROE). 

Step 2. Build a regression model using the standard method in the 

Statistica program (Fig. 15). 
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Fig. 15. Choosing a standard method for building a model 

 

The result of the model is shown in Fig. 16. Thus, we can see that the 

model built by the standard method is:  

 

y = 0.827944 + 0.003579R3 − 0.22688R4 − 0.00587R5 − 0.002804R6 −  

− 0.279864R7 − 0.035906R9. 

 

R2 (determination coefficient) indicates how much of the variation in the 

dependent variable is explained by the independent variables included in the 

model. It's equal to 0.92104092, which indicates a high quality of the model. 

 

  
 

Fig. 16. Results of model building 
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Step 3. Build a regression model using the Forward stepwise method 

(Fig. 17). 

 

 
 

Fig. 17. Choosing the Forward stepwise method for building a model 

 

The result of the model is shown in Fig. 18. As we can see, the 

coefficient of determination of the model R2 is 0.91938722, which is lower 

than in the previous version. 

 

 
 

Fig. 18. Results of model building 

 

Step 4. Build a regression model using the Backward stepwise method 

(Fig. 19). 
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Fig. 19. Choosing the Backward stepwise method for building a model 
 

The result of the model is shown in Fig. 20. We can see that the 

coefficient of determination is 0.76924869, which is significantly lower than 

both previous versions. In addition, only the coefficients R4 and R9 are 

included in the model parameters. Thus, we can conclude that the regression 

model obtained by the standard method is the best in terms of R2 (closest 

to 1). From the list of indicators that affect the level of financial risk of the 

studied enterprises, we should exclude R1 – cash ratio; R2 – current ratio 

and R8 – net profit margin as insignificant. 
 

 
 

Fig. 20. Results of model building 
 

The construction of a statistical model can also be done in MS Excel  

or other programs that allow for this type of calculation. 

 

Requirements for a report on laboratory work 

The report on the laboratory work should contain:  

1) a title page; 

2) the purpose of the laboratory work; 

3) a file with data in MS Excel or Statistica; 

4) a file in MS Word containing answers to the questions raised and 

conclusions reached in the progress of the laboratory work. 
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Checklist questions 

1. Describe what a statistical model is. 

2. Specify the purpose of building and assigning statistical models. 

3. Specify the requirements for the data used to build statistical models. 

4. Describe the steps that should be taken to check whether the data 

collected reflects financial processes under study. 

5. Describe what linear regression is. 

 

Task for self-study 

Using the data set generated in Laboratory work 1, formulate the purpose 

of building a statistical model and the hypothesis regarding the expected 

results. 

Using the proposed methods of building statistical models, conduct 

analytical calculations using MS Excel, Statistica or another program depending 

on the chosen research methods. Prepare a report, formulate analytical 

conclusions. 

 

Laboratory work 4.  

Formation of data arrays using SQL 
 

The purpose of the laboratory work is to gain skills in building SQL 

queries to retrieve financial data. 

 

General guidelines 

SQL (Structured Query Language) is a structured query language used 

to work with databases. The elements of the SQL language syntax are: 

Literals, Identifiers, Commands, Keywords, Functions and Comments. 

Literals are fixed values, such as numbers, strings, dates, and others, 

expressed directly in a query, that are used to specify specific data or 

conditions. They are explicitly specified values, rather than referring to data 

stored in tables or calculated during query execution. 

Identifiers are names for various database objects (tables, columns, 

indexes, procedures, etc.). 

SQL commands can be divided into: DDL (Data Definition Language) – 

create, alter, drop; DML (Data Manipulation Language) – select, update, 

insert, delete; DCL (Data Control Language) – grant, revoke; DQL (Data 

Query Language) – select. 
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Keywords are reserved words that have a special meaning and are 

used to define operations and database structure. Keywords cannot be used 

for names of tables, columns, or other database objects:  

where – filters a result set to include only records that fulfill a specified 

condition; 

between – selects values within a given range; 

and/or – includes rows where both/either condition(s) is (are) true; 

like – looking for a specified pattern in a column; 

in – allows you to specify multiple values in a where clause; 

order by – sorts the result set in ascending order by default (ASC) or  

in descending order, if the DESC keyword is used. 

Comments allow you to add code explanations, do not affect the 

execution of it, but help developers better understand the logic of requests 

and data structures. 

To perform various mathematical operations with numerical values, 

numerical functions are used in SQL (Table 2). 

 

Table 2 

 

SQL numeric functions in MS Access 

 

Function Result of execution 

Abs The absolute value of a number 

Avg The average value of an expression 

Count The number of records returned by a select query 

Max/Min The maximum/minimum value in a set of values 

Round Rounds a number to a specified number of decimal places 

Sum The sum of a set of values 

 

Work in progress 

Task. Load primary financial data into the MS Access DBMS. Create  

a query for the imported data table using the Wizard. Configure queries  

in SQL mode using commands and numeric functions. 

Step 1. Create data array in MS Excel (Fig. 21). The data array must 

consist of at least 10 columns – financial indicators, and 10 rows displaying 

the values of the indicators for 10 years. 
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Fig. 21. Initial data 
 

Step 2. Create an empty database in MS Access (Fig. 22). 
 

 
 

Fig. 22. Database creating in MS Access 
 

Step 3. Import data in MS Access from MS Excel (Fig. 23 – 26). 
 

 
 

Fig. 23. Connecting to the external data 
 

 
 

Fig. 24. The import results saving options 
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Select a sheet with the database in the MS Excel (Fig. 25). 
 

 

 
 

Fig. 25. Using the Spreadsheet Import Wizard 



34 

 

 
 

Fig. 26. Setting up a key field and saving results 

 

Open the created Table in MS Access (Fig. 27). 

 

 
 

Fig. 27. Imported financial data table 
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Step 4. Create a simple query using the Query Wizard (Fig. 28). 

 

 

 
 

Fig. 28. Query creation using the Wizard 

 

Step 5. Save and copy created Query (Fig. 29). 

Step 6. Open the Query in the SQL mode (Fig. 30). 

Change the created Query in the SQL mode and run it (Fig. 31).  

The result of query implementation is shown on the Fig. 32. 
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Fig. 29. Saving the created query 
 

 
 

Fig. 30. Switching to SQL query writing mode  
 

 
 

Fig. 31. Initiating a request 
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Fig. 32. Sampling based on query results 

 

Requirements for a report on laboratory work 

The report on the laboratory work should contain:  

1) a title page; 

2) the purpose of the laboratory work; 

3) a file with data in MS Excel and MS Access; 

4) a file in MS Word containing answers to the questions raised and 

conclusions reached in the progress of the laboratory work. 

 

Checklist questions 

1. What functions allow you to clean up the minimum/maximum value  

in the data sample under study? 

2. How to write a SQL query to search for values in table cells based  

on a specific sequence of characters? 

3. What are the basic elements used to write a SQL query? 

 

Tasks for self-study 

Task 1. Create the database in MS Access using financial data import 

from MS Excel. 

Task 2. Make your query in MS Access database using:  

functions (AVG(), MIN() and MAX(), COUNT(), SUM()); 

keywords (AND, OR, LIKE, BETWEEN, IN, ORDER BY (ASC/DESC)). 
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Laboratory work 5.  

Data preparation and modeling  

in the MS Power BI environment 

 

The purpose of the laboratory work is to gain skills in building a data 

model and a financial performance monitoring dashboard in MS Power BI. 

 

General guidelines 

MS Power BI is designed to create reports that can be used to analyze 

data. The data in such reports is presented in a clear form. Report generation 

is carried out in several stages:  

1) data acquisition; 

2) data processing; 

3) modeling (establishing relationships, creating calculated columns and 

dimensions); 

4) creating visualizations (reports). 

There are three main areas of work in MS Power BI: query editor; model 

editor; report editor. Each of the sections is focused on the implementation  

of the corresponding tasks. 

The Power Query query editor allows you to connect to data, combine 

data from several tables and process them for further use in modeling and 

visualization. 

 

Work in progress 

Task. Prepare a financial data set based on the reporting of 5 enter-

prises for the last 5 years in MS Excel. Load information into MS Power BI. 

Edit the data model. Create a financial indicator monitoring dashboard. 

Step 1. Prepare financial data in MS Excel using the "Enterprise",  

the "Indicators" and the "Data" tables (Fig. 33 – 35). 

The structure of the input data is as follows:  

the "Enterprise" table consists of the "Enterprises code" and "Enterprise" 

fields; 

the "Indicators" table includes the "Code" and the "Indicator" fields; 

the "Data" table consists of the "EnterpriseCODE" field, the "IndCODE" 

field, the "Period" field and the "Value" field. 
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Fig. 33. The "Enterprise" table structure 

 

 
 

Fig. 34. The "Indicators" table structure 
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Fig. 35. The "Data" table structure 

 

Step 2. Import financial data from MS Excel to MS Power BI (Fig. 36 – 37). 

 

 
 

Fig. 36. Connecting to the data source in MS Power BI 
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Fig. 37. Checking the imported data 

 

Step 3. Create the data model (set the relationships between tables) 

MS Power BI (Fig. 38). 

 

 
 

Fig. 38. Checking (creating) the data model 

 

Step 4. Create the visualizations of imported financial data (Fig. 39). 

Edit and customize the rendering structure (Fig. 40). 
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Fig. 39. Creating the financial data dashboard  

 

 
 

Fig. 40. Editing the financial data dashboard 

 

Requirements for a report on laboratory work 

The report on the laboratory work should contain:  

1) a title page; 

2) the purpose of the laboratory work; 

3) a file with data in MS Excel and MS Power BI; 

4) a file in MS Word containing answers to the questions raised and 

conclusions reached in the progress of the laboratory work. 
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Checklist questions 

1. Describe the procedure for creating a financial data dashboard (report 

creation) in the PowerBI. 

2. Describe the main modes of work in MS Power BI. 

3. What is the main purpose of the Power Query editor in MS Power BI? 

 

Tasks for self-study 

Task 1. Create a financial data source to build a financial data monitoring 

panel on the topic of the diploma project. 

Task 2. Import the created financial data into the PowerBI environment. 

Form a financial data structure model according to the example given in 

Fig. 27. 

Task 3. Build a financial data monitoring panel on the topic of the 

diploma project (report) in the MS PowerBI environment. 
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Укладачі: Берест Марина Миколаївна 

Лелюк Світлана Валеріївна 
 

 

Відповідальний за видання І. В. Журавльова 
 

 

Редактор З. В. Зобова 
 

Коректор З. В. Зобова 
 

Запропоновано завдання для лабораторних занять та самостійної роботи здо-

бувачів вищої освіти з навчальної дисципліни, методичні рекомендації та порядок 

виконання завдань. 

Рекомендовано для здобувачів вищої освіти магістратури (другого) ступеня 

спеціальності D2 "Фінанси, банківська справа, страхування та фондовий ринок" 

освітньої програми "Фінанси і кредит". 
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