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ABSTRACT 

In the current information and knowledge-oriented market conditions, the intangible value of a 

company is gaining more and more importance. Building a competitive advantage is no longer based 

only on tangible value, but also on the intellectual capital of the company. For this reason, it is necessary 

to implement universal solutions that help to estimate the intangible value of enterprises. Contrary to 

the tangible value, the subject of estimating intangible value is still developing and there are currently 

no IT solutions allowing for its estimation. The aim of this article is to present the possibilities of using 

expert systems to estimate and manage the intangible assets of enterprises. The research used the survey 

method as well as the proprietary knowledge base and rules of inference of the expert system. The results 

of the research confirmed the possibility of effective use of expert systems to estimate the intangible 

value of enterprises. 
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1.  INTRODUCTION 

 

Contemporary economic reality forces business owners and managers to constantly 

monitor the market in search of opportunities and threats for the enterprise. Growing 

competition, large fluctuations in raw material prices, rapid changes in the tastes and needs of 

customers - these and many other factors affect the management of an economic entity and 
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decisions made regarding its operation [1]. The main goal of the management is to identify 

factors that directly and indirectly affect the final financial result of the enterprise [2]. However, 

a positive financial result is no longer an indicator of the efficiency of an organization's 

operation and its degree of adjustment to the market [3, 4]. Nevertheless, this result translates 

into the value of the enterprise, and that value is a measure of the effectiveness of an economic 

unit and distinguishes it from the competition [5].  

Therefore, the ability to shape and manage value, and thus the areas shaping this value, 

is a tool that allows to gain a competitive advantage, increase market share or even expand the 

business to new markets and areas. Thus, it can be concluded that value management is an 

element linking the operating strategy of an economic unit with its financial results. Fully 

conscious shaping and striving to increase the value of the enterprise through the prism of 

management allows for the achievement of tangible results, such as higher returns on 

investment, increased dynamics of development or the general level of satisfaction and 

willingness to further cooperation of stakeholders [6].  

It is worth explaining what the value of the enterprise actually is and what it consists of. 

For a long time, it was believed that value has only a material dimension and is only a financial 

measure, which is created by the company's activities aimed at maximizing profits [7]. It was 

the right approach adjusted to the specific economic situation. However, in recent years, 

attention has also been drawn to the intangible factors that shape the company's value. 

Intangible value is now equated with the so-called intellectual capital of the enterprise, the 

inclusion of which in the implemented strategy increases the possibility of the development of 

an economic unit and allows to maintain a competitive advantage in the knowledge-based 

economy [8].  

This shift towards a knowledge-based economy makes considering the value of an 

enterprise only from a financial and material point of view insufficient and should be 

supplemented with intangible elements [9]. This means that enterprise value management is a 

multidimensional process that consists of many factors [10]. Considering the above, modern 

managers must be aware of the factors that shape value and have the ability to use this 

knowledge in their pursuit of increasing the value of the enterprise in which they work. 

Appropriate management of both tangible and intangible factors, considering them in the short 

and long term, as well as quick response to changes that occur, enable the company to achieve 

and maintain a competitive advantage [11]. Accurate depiction of the actual image of the 

company's value affects the positive perception and reputation of an economic entity and creates 

the possibility of its further development [12, 13].  

At the same time, a large amount of information makes it very difficult to manage the 

business and its areas in a traditional way. In this article, the traditional term refers to activities 

that do not use IT systems. For this reason, all areas of business activity are currently supported 

by appropriate IT systems. Also in the case of the analysis of the material value of enterprises, 

there are IT tools that facilitate this process. However, in the course of the research, the authors 

found that such tools do not exist in the area of estimating and managing intangible value. For 

this reason, the authors have made an attempt to create an IT tool that will facilitate the process 

of analyzing the intangible value of the enterprise. The aim of this article is to present the 

possibilities of using expert systems to estimate and manage the intangible assets of enterprises. 

The research used the survey method as well as the proprietary knowledge base and rules 

of inference of the expert system. The results of the research confirmed the possibility of 

effective use of expert systems to estimate the intangible value of enterprises. 
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2.  THE PROBLEM OF THE CONCEPT OF INTANGIBLE VALUE 

 

Intellectual capital management is an area that causes significant problems for enterprises. 

This is due to the difficulty of defining the concept of intellectual capital [14]. This type of 

capital is present in every enterprise, even if there is no common awareness of its existence. It 

has a very large impact on the value of the enterprise, as well as on the management of the fixed 

and current assets of the unit. To help identify this type of asset, many different definitions of 

intellectual capital have been developed. Some of them are listed in Table 1. 

 

Table 1. The definition of intellectual capital by selected authors 

 

Author Definition Year 

Urbanek G. 
Knowledge and its transformation into intangible 

assets 
2008 

Youndt M.A. 

Subramaniam M. 

Snell S.A. 

The total knowledge that an organization can use 

in the process of running a business to gain a 

competitive advantage 

2004 

Edvinsson L. 

Malone M.S. 

Hidden assets that constitute the gap between the 

market value and accounting value of an entity 
2001 

Roos G. 

Pike S. 

Fernstrom L. 

The sum of hidden assets that are not fully 

recognized on the entity's balance sheet 
1999 

Stewart T. 

Ruckdeschel C. 

Knowledge that transforms raw materials into 

valuable elements 
1998 

Stewart T.A. 
Information, knowledge, intellectual property and 

experience that can create wealth 
1997 

Prusak L. 
Intellectual matter materialized and used to create 

valuable assets 
1994 

Source: [15-19] 

 

 

Following A. Lönnquist and P. Mettanen, it can be concluded that intellectual capital is 

[20]: 
 

− an invisible resource, it cannot be touched, 

− closely related to the knowledge and skills of employees, technology used in the unit, 

as well as the company's relationship with consumers, 

− creates more opportunities for growth and success in the future. 
 

Based on this definition, attempts can be made to estimate the value of intellectual capital 

in an enterprise. 
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3.  THE ROLE OF INTELLECTUAL CAPITAL IN AN ENTERPRISE  

 

Although there are tools supporting knowledge management, due to the large discrepancy 

in the definitions of intellectual capital, it is problematic to define adequate methods of its 

measurement, as well as to effectively manage it [21]. It is the result of the interaction between 

the various elements that make it up [22].  

The literature on the subject provides various combinations of elements that make up 

intellectual capital [23]. Based on the concepts of such authors as Sveiby, Edvinsson, Bratnicki, 

Strużyna, Saint-Onge and Pietruszka-Ortyyl, it can be concluded that the most common 

elements are [24]: 
 

− human capital, 

− organizational capital, 

− social capital. 
 

The elements that make up each type of capital are presented in Figure 1. 

 

 
 

Figure 1. Structure of intellectual capital 
Source: [25-29]  
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Thus, it can be noticed that intellectual capital covers all areas of the company's operation 

related to people, their competences, knowledge and the way of sharing knowledge. All these 

areas are difficult to measure and hard to quantify. The currently existing solutions for the 

estimation of intangible assets, such as the Intangible Assets Monitor or the Skandia Navigator, 

focus on calculating selected indicators that are to help standardize the obtained results [30]. 

However, the currently existing solutions in this area are traditional solutions that do not use 

the potential of IT systems. As a result, their use is time-consuming and requires a lot of 

commitment from analysts. 

Expert systems that are designed to replace an expert in a given field turn out to be helpful 

in this matter. They are a very universal tool, therefore they are used in many different fields 

[31]. In simple terms, the operation of the expert system is based on asking questions to the 

user and selecting the appropriate decision assigned to the user's choices. In the case of this 

paper, the system is equipped with a knowledge base and inference rules covering various 

aspects of intellectual capital. The authors attempted to make a prototype of an IT tool that 

could support the management in making decisions regarding the management of the 

intellectual capital of the enterprise. 

 

 

4.  RESEARCH METHOD  

 

Based on the research on the subject literature, the authors identified the most frequently 

recurring elements that may affect the intangible value of the enterprise. On the basis of these 

elements, they prepared a questionnaire, the answers of which were used to build a knowledge 

base for the expert system. 

 

 
 

Figure 2. Distribution of answers 
Source: author’s own research 
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The survey was conducted in 2020. Due to the pandemic, all studies were conducted 

entirely via the Internet. The authors created electronic questionnaires, which were then made 

available on websites for employers. The survey was completely anonymous and covered the 

entire territory of Poland. It is not possible to determine the degree of return of the 

questionnaires, as they were not targeted at specific people, but made available to a wider group 

of recipients. The entrepreneurs' responses were divided according to the profile of the 

enterprise's operation. The letter M stands for a manufacturing company, T is a trading company 

and S is a service company. In total, 387 business entities took part in the survey. The 

distribution of answers is presented in Figure 2. 

The respondents' task was to determine how important, according to their experience, are 

the individual elements shaping the intangible value. To determine the weight of the item, a 

scale from 0 to 10 was used, where 0 means that the item is completely irrelevant, and 10 is the 

key significance. Answers are presented in Table 2. 

 

Table 2. Distribution of weights of intangible assets 

 

Enterprise value element M T S 

Investing in employee development 8 6 7 

Caring for the safety of employees 8 7 9 

Building a loyal customer base 9 9 10 

Taking care of customers' safety 7 7 8 

Applying the principles of Corporate Social Responsibility (e.g. caring for 

ecology, charity work) 
6 6 5 

Creating alliances 7 5 5 

Building positive relations with the local community 5 7 8 

Recognizable company or product logo 9 9 10 

Providing unique products / services to the market 8 7 8 

Visibility of the company on the Internet (e.g. aesthetic and constantly 

updated website, fanpage, etc.) 
8 9 9 

Ability to quickly adapt to customer requirements 9 9 9 

Limit value 82 80 87 

Source: authors’ own research 

 

 

Based on the obtained results, the authors created a knowledge base and inference rules 

for the expert system, which is to support the management of intangible assets. 
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5.  ESTIMATING INTANGIBLE VALUE WITH EXPERT SYSTEMS  

 

Data from an anonymous trading company was used to simulate the use of an expert 

system with a proprietary knowledge base. Component weights were provided by the manager 

of this company and are presented in Table 3. 

 

Table 3. Distribution of weights of intangible assets of a trading enterprise. 

 

Enterprise value element  

Investing in employee development 7 

Caring for the safety of employees 7 

Building a loyal customer base 8 

Taking care of customers' safety 9 

Applying the principles of Corporate Social Responsibility (e.g. caring for ecology, 

charity work) 
8 

Creating alliances 7 

Building positive relations with the local community 7 

Recognizable company or product logo 6 

Providing unique products / services to the market 6 

Visibility of the company on the Internet (e.g. aesthetic and constantly updated 

website, fanpage, etc.) 
5 

Ability to quickly adapt to customer requirements 6 

Limit value 76 

Source: authors’ own research 

 

 

The received responses were entered into the expert system. The result obtained from the 

system is presented in Figure 3. 

The next stage of the research was to implement the suggestions of the expert system in 

order to assess the correctness of its operation. The new weights for the company are presented 

in Table 4. 

 

Table 4. New distribution of weights of intangible assets of a trading enterprise. 

 

Enterprise value element  

Investing in employee development 7 

Caring for the safety of employees 8 
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Building a loyal customer base 9 

Taking care of customers' safety 9 

Applying the principles of Corporate Social Responsibility (e.g. caring for 

ecology, charity work) 
8 

Creating alliances 7 

Building positive relations with the local community 8 

Recognizable company or product logo 8 

Providing unique products / services to the market 8 

Visibility of the company on the Internet (e.g. aesthetic and constantly updated 

website, fanpage, etc.) 
9 

Ability to quickly adapt to customer requirements 9 

Limit value 90 

Source: authors’ own research 

 

 

 
 

Figure 3. Expert system feedback 
Source: authors’ own research based on the expert system 

* translation of the result from the original Polish version of the system 
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This data was re-entered into the expert system. The solution proposed for these data is 

presented in Figure 4. 

 

 
 

Figure 4. Feedback from the expert system after the implementation of the proposed solutions 
Source: authors’ own research based on the expert system 

 

 

Thus, it can be seen that the expert system correctly identifies the areas that require 

improvement and accurately describes the company's situation. On the other hand, the 

implementation of the system's suggestions allows to increase the intangible value of the entity. 

This means that the creation of IT tools supporting the estimation and management of the 

intangible assets of enterprises is fully possible and feasible. 

 

 

6.  CONCLUSIONS  

  

The intangible value of the company is a very important element of the company's value. 

Due to the difficult quantification and algorithmization of data related to it, so far there were 

only traditional solutions for estimating this type of value. The research conducted by the 

authors of this article showed that it is possible to support this area by using IT solutions in the 

form of expert systems. Appropriate preparation of the knowledge base and inference rules 

allow for obtaining reliable results. 

The research presented in this article is only a fragment of larger research on the use of 

expert systems to estimate and manage the tangible and intangible value of enterprises. The full 

version of the research covers a larger number of variables, e.g. company size or consumer 

opinions. The prepared expert system is a prototype, but it fulfills its task as a determinant of 

the possibility of future development paths in the area of enterprise value management with the 

use of IT systems. 
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