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Abstract: 
In this paper the contribution of intellectual capital components in 
the overall intellectual capital value is investigated. This paper adopted 
quantitative statistical methods Lambda phase measurement and 
Shapley’s value on the sample of 498 French companies in the period of 
2008 to 2016 in order to estimate the highest and lowest contributions 
of intellectual capital components. For the purpose of the study, the 
official financial information from the companies’ annual reports were 
taken from the financial database “Point Risk”. The paper concentrates 
on two out of three intellectual capital components: structural and 
customer capital components. By the Shapley’s value final result, the 
customer capital component, which represents company’s commercial 
activities with the coefficient of 0.29911, is of greatest importance. On 
the other side, the lowest importance belongs to the structural capital 
component that represents value coming from research and development 
expenses with the coefficient of 0.07463 This study contributes to the 
management sciences literature byexamining distribution of contribution 
of two intellectual capital components in the annual reports of French 
companies.
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INTRODUCTION

In the knowledge-based economy, it is not enough just to take the traditional and financial measures 
of a company into account, but it is important to find a way to recognize intellectual capital as well. 
Traditional measures are highly unsuitable mainly because they are based on conventional accounting 
principles. This is the biggest challenge for companies, because companies must measure these values 
consistently and systematically over time (Belo et al., 2014). The limits in the valuation process are no 
longer focused on the production of physical products or providing services. Instead, they are focused 
on the creation of new innovations and ideas (Mura et al., 2012), because the main value creators are 
intellectual investment values (Zéghal & Maaloul, 2011). 
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The concept of intellectual capital was revealed for the first time in 1969 by Kenneth Galbraith. 
Kenneth Galbraith wrote a letter to the economist, Michael Kalecki, where he stated, “I wonder if you 
realize how much those of us around the world have owed to the intellectual capital you have provided 
over these past decades.” (Hudson, 1993).

The interest in studying this topic lies in the fact that employees’ competences and human capital 
are the main drivers of companies’ competitiveness in the modern economy (Radivojevic et al., 2019). 
Investing in human capital influences positively on company’s productivity with precise measurements 
(McGrattan, 2020). Intellectual capital plays an important role in a company’s final success (Rodriguez-
Castellanos et al., 2011), but at the same time, in a period of crisis and financial shocks, it enables greater 
labor market volatility as a response (Lopez and Olivella, 2018).

Intellectual capital as a strategic resource of each company is not a sole thing; it is composed of 
many interrelated elements that have been continuously cooperated and supported together as a 
whole (Corrado et al., 2012). Based on the available literature, intellectual capital is classified into three 
components: human capital, structural capital and customer capital (Martínez-Torres, 2006). The 
competitive advantage of a company lies in the complexity of these components of intellectual capital. 
Success of a company depends on the strategic management of the selected components of intellectual 
capital because the investments in intellectual capital are seen as capital expenditures (Piekkola, 2011).

Garanina and Pavlova (2011) prove that a positive interaction between human capital, structural 
capital and customer capital exists. The interaction between three main components of intellectual capital, 
human capital, structural capital and customer capital generates benefits to a company. The results of 
the study of Sumedrea (2013) showed that a company’s crisis in development can be exceeded by a 
company’s human and structural capitals. Maditinos et al. (2011) found significant human capital and 
structural capital efficiency and financial company performance. Diez et al. (2010) tried to examine the 
influence of human capital and structural capital on the creation of business value of Spanish companies 
which have 25 or more employees. The study confirmed a positive relationship between the use of human 
and structural capital and value creation that comes from sales growth.

In an effort to emphasize importance of particular intellectual capital component compared to 
other two, the purpose of this study is to turn attention to the unique contribution of a total intellectual 
capital surplus generated by the coalition of all intellectual capital components. A coalition between 
intellectual capital components obtain certain overall gains from that correlation. Since some components 
may contribute more to the coalition than others, what final performance should arise in any particular 
contribution? The question that arises is what is the contribution of each intellectual capital component 
to the overall intellectual capital value?

Our paper contributes to science by examining which intellectual capital component contributes the 
most in the sample of French companies, taking into consideration their existing interrelations. In that 
way, a company will pay attention and invest more in a particular component in order to gain higher 
benefits in the upcoming future periods. The analysis is composed of 498 French companies over the 
period of 2008 to 2016 from 34 different industries. In this paper, the following statistical quantitative 
methods are implemented: Lambda Phase Measurement Method and Shapley’s Value Method.

This paper consists of six sections. Section 2 contains the explanation of the history of the intellectual 
capital components. Section 3 is devoted to the problem of Intellectual Capital of 498 French companies. 
In Section 4, we explain the methodology used to solve our research question. In Section 5, we apply 
the presented methodology from Section 4 on the stated problem from Section 3. The last Section 6 is 
devoted to the discussion of the obtained results.
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HISTORY OF THE PROBLEM OF INTELLECTUAL CAPITAL

Intellectual Capital Components and Its Interrelations

Twentieth century is a century of ideas, knowledge, innovations, information and changes. Indus-
tries that provide services expanded radically. Simultaneously, the financial market became influential 
in the global market, so “intellectual capital” obtained a very important role for itself. Market value of 
a company is composed of total book value, everything that is a company’s property and intellectual 
capital (Ciprian et al., 2012).

The results today must come from the investments made in previous periods (García- Zambrano 
et al., 2018). If an organization wants to  fulfil itsadvanced planned goals, it is not possible without the 
existence of intellectual capital (Singla, 2020; Sydler et al., 2014).

According to a synthesis from extant literature, intellectual capital is classified into three components 
(Marr and Moustaghfir, 2005; Martínez-Torres, 2006;):

1) Human Capital - Human capital represents employees’ knowledge, competencies and education;
2) Customer Capital - Customer capital represents all relations with customers, suppliers, distributors

and other stakeholders. Customer capital is a very important type of intellectual capital for
every company, mainly because a company is not an isolated entity. It is an organization
that continuously interacts with its business environment. Business environment, together
with its customers and clients represents a source of knowledge regarding advantages or
disadvantages of a company’s products or services, new ideas, organizational practices, etc.;

3) Structural Capital - Structural capital refers to organizational systems, culture, practices, processes 
and business routines (Marr and Moustaghfir, 2005). A company exists because of a combination 
of employees’ competences and internal structure and organization (Hashim et al., 2015).
Based on the literature, intellectual capital components and its investments are linked to
value factors (Dumay, 2012).

Different authors prove highly positive interrelations between intellectual capital components. 
Ognjanovic (2017) proved a strong and positive relationship between the observed intellectual capital 
components based on the combined factor, analysis and structural equation study of 44 hotel companies 
in Serbia. The strongest relationship is observed between customer capital and structural capital. 
Authors Ulubeyli and Yorulmaz (2019) proved that human capital and structural capital together have a 
strong impact on the financial performance in a highly innovative industry such as consulting industry. 
However, the relational capital may not lead to the same result on the financial result. The study published 
by Molodchik et al. (2012) examined the interrelation between intellectual capital components. From 
those interrelations, further improvements of company’s competitive advantage were produced, which 
increased company’s value. Many authors proved a positive and significantly strong relationship 
between intellectual capital components and financial performance (Chang, 2013; Díaz- Fernández 
et al., 2015; Pucci et al., 2015; Sharabati et al., 2010; Soewarno and Tjahjadi, 2020; Tanideh, S., 2013). 
Jensen et al. (2020) proved that between intellectual stimulation and financial performance indicators 
exists a strong and positive relationship.

On the other side, relationship between intellectual capital components and final results were not 
always positive (Chu et al., 2011; Mehralian et al., 2012).
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INTELLECTUAL CAPITAL OF 498 FRENCH COMPANIES

Data Sample Explanation

The study is focused on the financial information gathered by the financial database “Point Risk”. 
It comprises of financial data from the financial statements of French companies during the period of 
2008 to 2016. Both high-technology and low-technology companies are included in the sample. Divided 
into these two industrial groups, companies belong to 34 different industries that proves heterogeneity 
of the observed sample. The classification of industries is proposed by Francis and Schipper (1999).

In the research model, the initial number of companies was 1,990. After detailed investigation, 
1,195 companies did not have complete required financial information. Furthermore, 297 companies 
are mentioned more than once in the database. The final number of companies observed and finally 
tested is 498.

Table 1: Number of companies included in the research model

Number of Companies
Starting Number, Observed 1,990
Missing Data Companies 1,195
Repeating Companies 297
Final Number of Companies 498

In Table 2 below, the structure of the total number of selected companies in the sample is presented. 
As we can conclude from the sample, the largest number of companies is from the Low Technology 
Industry – Miscellaneous Manufacturing Industries – 89, followed by those from High Technology, 
listed chronologically, Computer Programming, Software, Data Processing, Research, Development, 
Testing Services, Drugs and Electrical Apparatus, 81, 44, 38 and 35. In total, there are 241 companies 
that belong to the High Technology industries, and 257 companies that belong to the Low Technology 
industries. The percentage between the High Technology and Low Technology is 48% and 52%.
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Table 2: Number of companies per industry in the sample

Industry Number of Companies

Low Technology - Miscellaneous Manufacturing Industries 89
High Technology - Computer Programming, Software, Data Processing 81
High Technology - Research, Development, Testing Services 44
High Technology - Drugs 38
High Technology - Electrical Industrial Apparatus 35
Low Technology - General Industrial Machinery and Equipment 31
Low Technology - Agricultural Products 26
Low Technology - Miscellaneous Plastics Products 18
Low Technology - Motor Vehicles and Motor Vehicle Equipment 18
Low Technology - Blast Furnaces and Steel Works 16
High Technology - Electrical Machinery and Equipment, Excluding Computers 15
Low Technology - Wood Buildings, Mobile Homes 14
High Technology - Computer and Office Equipment 11
Low Technology - Grocery Stores 10
Low Technology - Textile Mill Products 9
Low Technology - Lumber and Wood Products, Excluding Furniture 8
High Technology - Computer Hardware 6
High Technology - Telephone Communications 6
High Technology - Electronic Components, Semiconductors 5
Low Technology - Construction - Special Trade 5
Low Technology - Trucking, Courier Services, Excluding Air 5
High Technology - Electrical Transmissions and Distribution Equipment 4
High Technology - Household Audio, Video Equipment, Audio Receiving 4
Low Technology - Paper and Allied Products 4
High Technology - Communication Equipment 3
High Technology - Electrical Lighting and Wiring Equipment 3
Low Technology - Dairy Products 3
Low Technology - Cement Hydraulic 2
Low Technology - Rubber and Miscellaneous Plastics Products 2
Low Technology - Scheduled Air Transportation, Air Courier 1
Low Technology - Water Transportation 1
Total Number of Companies 498
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METHODS OF LAMBDA MONOTONE MEASURE AND SHAPLEY VALUE

As an efficient tool for measuring the interaction between elements, monotone measure is defined 
in the following way, see Pap (1995):

Definition 4.1. Let                           be a fixed set.          is a set of all the subsets of the set X.  
Monotone measure on X is a set function                              , which satisfies the following conditions:

(i)
(ii) If                        and             , then                        . 

In order to determine such a monotone measure, we must find           of its values, since by Definition 
4.1.             and              are always equal to zero and one, respectively. It is obvious that such an evaluation 
process is rather complex, especially in application. In order to reduce the complexity of calculation,             
    -monotone measure    , which acts as a special kind of monotone measure has been proposed, see 
Wang and Klir (2009), and Torra et al. (2014).

Definition 4.2. Let                                   be a fixed set. Monotone measure     on X is called    -monotone 
measure if it satisfies the following condition: 

where                    , for                          and               

Theorem 4.1. Let                                be a finite set, and     be a    -monotone measure on X.
Then the following equality holds

where                              , for each  i, j =1,..., n and  i   j.

For a subset                   the following holds

The value of the parameter    can be determined by applying the above equation. The equation for 
X, since                , reduces on the following equation

(1)

(2)

(3)

EJAE 2021  18(1)  1 - 14
PAP. E., PETKOVIĆ. M., SIMIĆEVIĆ. A.  MEASURING DISTRIBUTION OF INTELLECTUAL CAPITAL COMPONENTS CONTRIBUTION: FRENCH CONTEXT



7

Theorem 4.2. The sign of the parameter    is given by the following conditions

(i)            , when                                  ,

(ii)           , when                                  ,

(iii)                         , when                                  .

Shapley proposed a coefficient of importance which is called Shapley value (abbreviated to           ),  
defined it on                                in the following way, see Grabisch (2016):

where, t is the cardinality of the subset T of the set X.

The Shapley value of a particular variable intuitively represents the average change in prediction that 
occurs in a coalition when joined by a given variable. Based on the previous equation (4), we know that 
Shapley value is an expected value of the total marginal contribution between elements i and any other 
coalition. Having in mind the definition of monotone measure, it is easy to notice that                and 
                        for each i , which means that                 , is a weight vector, named Shapley value. Specially,  

when measure    is additive, then                        , which means that there is no interaction between elements 
 i and any other coalition                    . In this case, Shapley value becomes a traditional weight vector 
                          ,   ,  where                 . When    is not additive, then                    , which means that there is 
a complementary interaction between elements i and any other coalition                    . 
If                    then there is a redundant interaction between elements i and any other coalition                   . 
Therefore, Shapley’s weight not only offers the measure of criteria value, but also maintains their 
interactive characteristics.

SOLUTION OF THE PROBLEM FROM SECTION 3

We demonstrate the determination of the parameter formonotone measure for the problem stated 
in Section 3. The following data are presented in the table:

(a) value of the research asset,
(b) research and development expenditures,
(c) commercial expenses and
(d) sales expenses.

They are compared in this paper by calculating Shapley values for all four variables.

(4)
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The study is focused on two out of three intellectual capital components, and those are: customer 
capital and structural capital components.

According to Miles (2011) costs related to marketing and commercial activities represent the 
customer capital. In order to achieve a better market or financial position, companies strive to attract 
more and more customers. The study by García-Zambrano et al. (2018) also proved a positive link 
between the investments in customer capital and Tobin’s Q ratio results that resulted in improvement 
of company’s financial performance.

For the purpose of calculating more easily, the set of variables in the table is marked as X and each 
variable is allocated a letter in the following order a, b, c, d.

                 ,                                                                                                                                                     

We then 6 use the formula (3) to calculate the parameter    . Since                                    , and based on 
the Theorem 4.2, we expect for the parameter    that                 . We obtain the following equation:

which is transformed into an equation of fourth degree:

We denote                                                                                  Using the halving method, we  
obtain an approximate solution of the previous equation where the error is lower than 10-2. The number 
of steps is determined by the following condition:

Applying the halving method, we obtain a series of approximations by finding the midpoint of the 
interval:

Then, using the function sign                         we check, which in half of the interval, is the root of the 
equation. The same method is repeated on that half of the interval with the new A and B. We search 
for the midpoint of the interval again and we repeat the method 7 times. All the obtained values are 
given in the following table:

Table 4: Produced values from halving method

n A B

1 -1 0 -0.5 0.1439
2 -1 -0.5 -0.75 -0.0027
3 -0.75 -0.5 -0.625 0.0682
4 -0.75 -0.625 -0.6875 0.0321
5 -0.75 -0.6875 -0.71875 0.0145
6 -0.75 -0.71875 -0.734375 -0.3847
7 -0.734375 -0.71875 -0.7265625
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Value                                is an approximate solution of the starting equation. Then, based on the formula 
(1), we calculate the remaining values of the measures on all subsets of the set X. 

The obtained results are presented below:

Based on the formula (4) we can calculate Shapley values for all four variables:

We see that the third variable has the greatest Shapley value. Finally, by the Shapley’s value the 
customer capital component that represents company’s commercial activities with the coefficient of 
0.29911 has the greatest importance. On the other side, the lowest importance has the structural capital 
component that represents value coming from research and development expenses with the coefficient 
of 0.07463.

CONCLUSIONS

Intellectual capital is the main value driver within a company, with a combined use of its three 
components: human capital, structural capital and customer capital. The intellectual capital leads 
to positive results only with synchronized use of these three main components. The purpose of our 
research was to examine the level ofimportance of each intellectual capital component for 498 French 
companies. The importance of each intellectual capital component represents its contribution in the 
final performance of a company.

The paper was based on two quantitative methods that relied on the analysis of financial information 
of companies: Lambda monotone measure method and Shapley’s Value method. Our paper is different 
with respect to the existing literature by conducting a quanti-statistical analysis of disclosure practices, 
based on a sample of French companies, without any previous selection by sector. 
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The results of empirical analysis of 498 French companies were used to fill the gap in the literature 
about the estimation of intellectual capital components importance. Our results may have important 
implications to companies’ decision making processes. While the current managements seek to improve 
their financial performance with a high level of risks and uncertainty, the findings from this paper suggest 
that investments in a particular component can even enhance company’s higher financial performance 
by reducing risks in the managerial investment decisions. This research suggests that managers should 
pay more attention to the structural component of intellectual capital because it has the highest 
coefficient of contribution. The role of the particular intellectual capital component forces a more 
intensive use it in the future value creation processes.
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MERENJE RASPODELE DOPRINOSA KOMPONENATA INTELEKTUALNOG 
KAPITALA: FRANCUSKI KONTEKST

Rezime: 
U ovom radu istražuje se doprinos komponenata intelektualnog kapitala 
ukupnoj vrednosti intelektualnog kapitala. Ovaj rad je usvojio kvanti-
tativne statističke metode merenja Lambda faze i Šeplijevu vrednost 
na uzorku od 498 francuskih kompanija u periodu od 2008. do 2016. 
godine kako bi se procenili najveći i najmanji doprinos komponenata 
intelektualnog kapitala. Za potrebe ovog istraživanja, zvanične 
finansijske informacije iz godišnjih izveštaja kompanija preuzete su 
iz finansijske baze podataka „Point Risk“. Rad se fokusira na dve od 
tri komponente intelektualnog kapitala: strukturne komponente i 
komponente kapitala kupaca. Krajnjim rezultatom Šeplijeve vrednosti, 
komponenta kapitala kupaca, koja predstavlja komercijalne aktivnosti 
kompanije sa koeficijentom 0,29911, smatra se najvažnijom. Sa druge 
strane, najmanji značaj ima komponenta strukturnog kapitala koja 
predstavlja vrednost koja proizlazi iz troškova istraživanja i razvoja sa 
koeficijentom 0,07463. Ovo istraživanje doprinosi literaturi o naukama 
o menadžmentu ispitivanjem raspodele doprinosa dve komponente 
intelektualnog kapitala u godišnjim izveštajima francuskih kompanija.

Ključne reči: 
distribucija,  
komponente intelektualnog  
kapitala,  
doprinos,  
monotona mera,  
Šeplijeva vrednost.
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