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Abstract  
In recent years, many organizations have made attempts to identify, measure, and manage their intellectual capital 
(IC). The efficiency of IC largely depends on identifying its main components and their relationships. So far, 
however, no study has been conducted to clarify the interactions among those components or to develop a model 
for laying out a hierarchy of IC components. There is, indeed, an urgent need to analyze the behavior of IC 
components so that the corresponding policies may be successfully implemented. This paper aims to identify the 
relationships among the IC components with a focus on the banking industry. A literature review was used to 
identify the 16 most important IC components. The Interpretive Structural Modeling technique was practiced to 
determine the interrelationships among these components, based on the data gathered from the Export 
Development Bank of Iran. The interconnections between the components were clarified. Furthermore, MICMAC 
analysis and classifying them into four categories including autonomous, driver, dependent, and linkage 
components regarding their driving and dependence power is a new effort in the field of IC. A hierarchical 
structure was proposed through prioritizing, sequencing, and leveling of the components. The adoption of such an 
ISM-based model of IC components in the banking industry would provide insights for managers, decision 
makers and policy makers for a better understanding of these components and to focus on the major components 
while managing their IC in their organizations. 
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1. INTRODUCTION 

Nowadays, in perfectly competitive markets, intellectual 
capital (IC) is taken into account as a key issue to gain and 
maintain a competitive advantage [1]. In this regard, IC 
refers to knowledge, work experience, organizational 
technology, customer relationships, and professional 
abilities that establish a competitive advantage in markets 
[2]. From the perspective of Ordonez De Pablos [3], 
intellectual capital can correspondingly get involved in 
value creation for organizations through improving the 
foundations for growth, flexibility, and innovation. 

Therefore, organizations are expected to understand 
their own intellectual capitals and make out their roles in the 
domain of organizational success. Such organizations can 

benefit from them to make the most important decisions, 
adopt oppropriate policies, and allocate their resources so as 
to achieve a sustainable competitive advantage [2]. 

In the wake of the challenges brought about by 
globalization, internationalization, and liberalization, 
banking industry has undergone scores of changes [4]. As it 
is noted, since banks need to improve their profitability, 
there is currently an emphasis on resource efficiency, capital 
performance, and earnings growth. Also, information and 
communication technology is being used in many ways to 
reduce costs, increase efficiency, and accelerate innovations 
[4]. According to Kubo and Saka [5], banking industry can 
be regarded as an ideal area for research on intellectual 
capital because reliable published data are available, the 
nature of business in banking industry is highly intellectual, 
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and the personnel in this industry are more homogeneous in 
terms of intellectual abilities than those in other industries. 

Furthermore, intellectual capital is known as a broad 
concept with various dimensions and components. Most 
studies in this respect have confirmed the impact of the 
main dimensions of intellectual capital on organizational 
financial performance. Nonetheless, a more detailed 
understanding of intellectual capital components is needed 
to effectively manage this valuable asset and use its 
advantages, especially in knowledge-based organizations 
such as banks. In other words, each of the three main 
dimensions of human capital, structural capital, and 
relational capital is composed of components whose 
accurate identification and proper management can be of 
help for an organization to accomplish its goals. 
The present article aims to identify the relationships among 
intellectual capital components through interpretive 
structural modeling (ISM) and by classifying those 
components according to their driving and dependence 
power. The ISM, a technique introduced and developed by 
Warfield in 1974, is considered as an interactive 
methodology used to identify the relationships among 
certain components of a system, particularly economic and 
social ones. The technique utilizes mathematics, computer, 
and professionals’ involvement in the design of large and 
complex systems.  

Section 2 of this article provides a brief overview of the 
definitions, tenets and domains of intellectual capital as 
reported in the literature. In Section 3, the relevant literature 
is explored to identify intellectual components. Section 4 
presents the details of ISM applications to model intellectual 
capital components in banks. The classification of IC 
components in banks and the development of a structural 
diagram for them make up Sections 5 and 6 respectively. 
Section 7 is dedicated to the discussion of the results. 
Finally, a summary of the research, the achievements and 
implications of the study, the research limitations, and 
recommendations for future research are offered in Section 
8. 

 
2. LITERATURE REVIEW 

Knowledge-related assets as the primary drivers for a 
sustainable competitive advantage are often acknowledged 
as intellectual capitals [2]. These types of capitals consist of 
assets created through intellectual activities [6] and have an 
impact on value creation and organizational performance [7-
9]. According to Edvinsson and Malone [10], knowledge, 
experience, technology, customer relationships, and supplier 
relationships are examples of intellectual capitals in an 
organization. Itami and Roehl [11] considered intellectual 
capitals as forms of intangible assets in a company 
including items such as intellectual rights, firm experience, 
firm reputation, customer relationships, and organizational 
culture. These items would be valuable in terms of 
organizational competitive power. Furthermore, Stewart and 
Ruckdeschel [12] pointed to intellectual items such as 

knowledge, information, intellectual assets, and experience 
that would be of use for value creation. 

Most researchers believe that there are three levels of 
intellectual capitals including individual level (human 
capital), organizational level (structural capital), and group 
level (relational capital) [13].  

Human capital is considered as the main component of 
intellectual capital [4] representing the storage of individual 
knowledge among the personnel in an organization [13, 14]. 
This capital is not owned by the organization; it can be 
excluded as individuals withdraw.  It is also mainly tacit and 
is rooted in the talent of the personnel [2]. Its value depends 
on its potentials for participation in achieving competitive 
advantages for an organization [15].  

The structural capital refers to knowledge at the level of 
organization. It can be created through institutionalizing 
individual and collective knowledge available in a company 
and via learning processes [13]. The input of such processes 
comes from human resources, indicating the interaction of 
two types of intellectual capital [13]. Based on the 
consensus among the majority of scholars, structural capital 
can be defined as “the knowledge that remains in the 
company when employees go home”[2, 3, 13]. This kind of 
capital forms a part of the assets of an organization [16] and 
can be created as an intellectual content owned by that 
organization. Therefore, such a capital belonging to the 
organization can be shared and reported [2].  

The relational capital is the available tacit knowledge 
possessed by an organization to have relations with its 
environment [13]. Some researchers have labeled such a 
capital as customer capital, but most scholars have pointed 
to the value of organizational relations with all individuals 
and organizations [2] including shareholders, customers, 
suppliers, partners, and others involved. In simple words, 
relational capital is what occurs between internal and 
external stakeholders [17], and this relation is a necessary 
condition for construction, maintenance, and renovation of 
resources, structures, and processes over time. It has been 
noted that external relations can help companies gain access 
to important and complementary resources [4]. 

Intellectual capitals in banks have been evaluated and 
measured in several studies designed with different methods 
and goals. Content analysis of the annual activity reports of 
banks using data mining is considered as one of these 
methods. Researchers typically make use of a given tool to 
check the position of intellectual capital and its importance 
for banks and to review intellectual capital disclosure 
measures [18-20]. Additionally, in some investigations, 
Multiple Regression Analysis has been used to examine the 
determinants of intellectual capital performance [21] and to 
determine intellectual capital efficiency in banks [22]. 
Value Added Intellectual Coefficient (VAIC) method based 
on the data in annual reports has been used in several 
studies to determine intellectual capital efficiency. For 
example, Pulic [23] evaluated and analyzed the efficiency of 
intellectual capitals in European companies by VAIC. This 
method has been also used by a group of researchers such as 
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Bakar and Yusop[24], Goh[25], Al-Musali and Ismail[26], 
and Joshi[27]. Mamath [28] and Mavridis[29] focus on the 
value-based performance of intellectual capital and its 
measurement via VAIC method in banks. Furthermore, 
researchers have employed this method in order to 
investigate the relationship between intellectual capital and 
the financial performance of banks [26, 30-32]. 

VAIC is an acceptable tool for measuring intellectual 
capital, but it is applied to the macro-level of organizations 
and from a financial perspective. In spite of many 
advantages cited for this method, there are certain aspects in 
intellectual capital components that cannot be explored by 
this method. Hence, some researchers such as Cabrita and 
Vaz [4] and Aminbeidokhti and Darvishkhadem [33] have 
examined intellectual capital components and their impacts 
on organizational performance via questionnaires. 
Moreover, Mention and Bontis[34] have made use of the 
Structural Equation Modeling (SEM) to investigate the 
impact of intellectual capital and its components on business 
performance. 

In order to properly manage intellectual capital in an 
organization, it is necessary to know its components 
accurately. This entails the identification of its components 
as well as their interrelationships. As a matter of fact, the 
findings of a great bulk of research in this field can be of 
benefit for policy making at a macro level to enhance the 
performance efficiency of this valuable capital. 

 

3. IDENTIFICATION OF INTELLECTUAL CAPITAL 
COMPONENTS 

Through a review of the literature and from expert opinions, 
we identified various intellectual components in the banking 
industry. Since the literature is not sufficiently rich in IC 
components in the banking industry context, we had to refer 
to the literature on other organizations and industries as 
well. Thus, 66 models in the field of human capital, 56 
models in the area of relational capital and 55 models in the 
structural capital dimension were investigated. 

In this way, value drivers were extracted and identified 
and then refined in several steps. To do the refinement, 
duplicated value drivers were removed, conceptually 
equivalent value drivers were merged, indicators used to 
measure intellectual capital were deleted, and the final list 
was prepared. In the next step, using the expert opinions, the 
knowledge of intellectual capital components was 
synthesized in order to classify the components and gain a 
better understanding of the dimensions of intellectual capital 
[35]. Totally, 16 intellectual components were identified in 
three main dimensions in banks. The human capital consists 
of five main components including employee knowledge, 
employee skill, employee attributes, employee intellectual 
agility and employee attitude. Five main components 
constitute the structural capital, including management 
policies,  corporate culture, processes and systems, 
technology infrastructure, and intellectual property. Finally, 

the relational capital is structured with six major 
components including customers, suppliers, stakeholders, 
environmental and community issues, diffusion and 
networking, alliances, licensing and agreements. The 
definitions of these components are as follows: 

1- Employee knowledge: In an organizational context, it 
is the combination of what is known to exist in the 
intelligence and in the competence of people. It is 
composed of education, work-related knowledge, 
training, learning, and management knowledge.  

2- Employee skill: It is an ability acquired through 
deliberate, systematic, and sustained efforts to smoothly 
and adaptively carry out complex activities or job 
functions involving IT skills, professional skills, 
general skills, relational skills, and management skills.  

3- Employee attributes: They are the characteristics that 
lead to certain behaviors and can be strong predictors of 
how someone will respond in a given situation. It is 
established by the third-order constructs of personality 
trait, managerial attributes, intelligence, and employee 
health.  

4- Intellectual agility: One of the most complicated 
components in human capital is intellectual agility 
which indicates the ability to transfer knowledge from 
one context to another, the ability to see common 
factors in two distinct pieces of information and link 
them together, and the ability to improve both 
knowledge and company output through innovation and 
adaptation. It refers to innovation, imitation, and 
adaptation 

5- Employee attitude: It refers to the motivation of 
employees to work and their satisfaction with the work. 
It is regarded as a prerequisite for employees to give 
full play to their competence and move to action. Skill 
and knowledge coupled with a positive attitude, which 
is translated into a positive behavior, create value for 
the organization. Employee attitude comprises such 
third-order constructs as values, motivation of the 
employee, employee attitudes, cultural relevance, 
satisfaction of the employee, employee behavior, 
loyalty, and commitment. 

6- Management policies: They are a set of guiding 
principles used to set a direction in an organization. 
They can be a course of action to guide and influence 
decisions. They should be used as a guide to decision 
making under a given set of circumstances within the 
framework of objectives, goals and management 
philosophies as determined by senior managers. They 
are composed of social policies, financial policies, legal 
policies, human management policies, environmental 
policies, R&D policies, and organizational structure. 

7- Technology infrastructure: It is defined broadly as a 
set of components that make the foundation of an 
information technology service. It comprises typical 
physical components, including computer and 
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networking hardware and facilities as well as various 
software and network components. This covers the 
whole information technology, but not the associated 
people, processes, and documentation. A favorable 
information system enables a company to quicken the 
flow of the inner information, heighten the operational 
efficiency, and hasten to learn within the company. This 
component encompasses computer network systems, 
information systems, computer software, and computer 
hardware.  

8- Processes and systems: System, procedures, and 
processes are practiced or used by companies to 
configure the organizational operations dedicated to 
internal or external clients. They show the 
organizational efficiency and should be designed as a 
series of steps to follow. 
Practicing them serves as a consistent and repetitive 
approach to accomplish an end result. This component 
is established by several third-order constructs 
including production process and systems, management 
process and systems, knowledge process and systems, 
and R&D process and systems.  

9- Corporate culture: One of the most complicated 
components in structural capital is corporate culture 
which serves as the pattern or arrangement of behaviors 
adopted by a corporation, group or team as the accepted 
way of solving problems or establishing visions and 
values to improve the efficiency and effectiveness of 
collaboration, creativity, communication, trust and 
sharing throughout an enterprise for economic gain. 

10- Intellectual property: Intellectual property is the 
volume of knowledge legally protected or naturally 
available in the organization. It is related to the internal 
development of innovations. The main constructs that 
form this component are patents, registered trademarks, 
licenses and internet domains. 

11- Customer: This kind of capital is the knowledge 
embedded in the marketing channels and customer 
relationships that an organization develops through the 
course of conducting business. It leads to the economic 
value that results from the association (loyalty, 
satisfaction, longevity) that an enterprise has built with 
consumers of its goods and services. This component is 
comprised of 10 main constructsincluding  handling 
customers, relationships with customer, customer 
loyalty, customer satisfaction, customer database, 
customer base, market orientation, marketing, 
reputation, and brand image. 

12- Suppliers: A supplier is an entity that supplies goods 
and services to another organization. This entity is part 
of the supply chain of a business, and economic value 
results from the association (financial, strategic, 
authority, power) an enterprise has established with its 
suppliers in pursuit of advantageous outcomes.  

To reach this goal, supplier's capabilities to meet the 
needs of the organization are critical. Along with 
supplier capabilities, the existence of a database of 
suppliers in the organization and relationships with 
suppliers are the most frequent third-order constructs of 
this component. 

13- Stakeholders: A stakeholder is a party that has an 
interest in a company and can either affect or be 
affected by the organization actions, objectives and 
policies. The primary stakeholders in a typical 
corporation are its investors, employees, customers, 
suppliers, consultant and professional associations, 
allies, board members, citizens, government agencies, 
and unions. Therefore, the community has 
responsibilities toward it and is interested in its success. 
Not all stakeholders are equal.  
Some have a much greater influence on the success of 
the business than others, or are more influenced by the 
decisions and policies of the organization than others, 
like employees, customers and suppliers. Hence, to 
focus more on these stakeholders, these three groups 
are not included in this component.  
Human capital has many components defined in items 1 
to 5. Customers and suppliers were also discussed in 
components 11 and 12. 

14- Alliances, licensing and agreements: These are a kind 
of business partnering between two or more players to 
share assets, resources, knowledge, expertise or any 
core competence of benefit for all the parties involved. 
This kind of partnering helps the parties by covering the 
weaknesses and enhancing their businesses while 
remaining as independent organizations. It is 
established by a few third-order constructs including 
alliances, licensing, contracts, and agreements. 

15- Environmental and community issues: It is the 
institution’s commitment to social and environmental 
improvement. It is an intangible asset which protects 
the environment and takes care of the society. Being 
socially responsible results in an improved image. 
Firms give information about the impact of their work 
on the environment and on the society at large. 

16- Diffusion and networking: They refer to the act or 
process of interacting with other businesses, 
intermediaries, wholesalers, retailers, distributors, and 
even the Internet to deliver goods and services to the 
intended consumers and to cash payments from the end 
consumer. Meanwhile, information is exchanged 
among individuals, groups, or institutions to develop 
mutually beneficial relationships. This component is 
composed of networking capability, distribution 
channel, and on-line distribution.  
A brief summary of various intellectual capital 

components as reported in the literature is presented in 
Table I. 
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TABLE I.  
LIST OF RESEARCH WORKS ON IC COMPONENTS AS REPORTED IN THE LITERATURE 

Human Capital 

1- Employee knowledge [20], [36], [37], [39], [40], [39], [40], [41], [42], [43], [44], [45], [46], [47], [48], [49], [50], 
[51], [52] 

2- Employee skill [9], [38], [53], [39], [40], [42], [43], [54],  [49], [20], [55], [51],  [52] 

3- Employee attributes [36], [9], [37], [41], [42], [38], [44], [43], [46], [45], [48], [20], [55], [50], [52] 

4- Intellectual agility [53], [48], [43], [55], [44], [45], [42], [36] 

5- Employee attitude [37], [38], [39], [40], [53], [42], [43], [45], [46], [47], [48], [49], [56], [20], [57], [55], [50], 
[51], [52]  

Structural capital 

6- Management policies [39], [58], [59], [43], [60], [45], [61], [50], [51] 

7- Corporate culture [36], [62], [39], [63], [59], [43], [58], [60], [47], [56], [20], [64], [55], [50], [18], [52], [65] 

8- Processes and systems [36],  [62], [63], [39], [59], [58], [47], [61], [56], [64], [50], [55], [51], [52], [18], [65] 

9- Technology infrastructure [36], [62], [39], [59], [58], [61], [56], [64], [20], [55], [50], [52], [18], [65]  

10- Intellectual property [36], [62], [58],, [47], [56], [57], [55],  [65] 

Relational capital 

11- Customers [36], [37], [63], [38], [39], [40],  [44], [58],   [49], [47], [61], [56], [20], [64], [55], [50], [66], 
[51], [52], [67], [68], [65]  

12- Suppliers [38], [49], [56], [50], [55], [68], [67], [65] 

13-Stakeholders [69], [58], [49], [61], [56], [64], [55], [50], [51], [68], [67], [65]  

14- Alliances, licensing and   
agreements [36], [69], [63], [44],, [49], [56], [64], [20], [55], [67], [68],  

15-Environmental and community 
issues [69], [38], [49], [50], [68], [67] 

16- Diffusion and networking [36], [37], [63], , [44], [49], [56], [64], [20],  [55], [51],  [67], [68] 

 
4. ISM METHODOLOGY AND MODEL DEVELOPMENT 

ISM is known as a process for the transition of vague 
intellectual models into structured systems, which can help 
people better understand their beliefs and take in what they 
do not know [70]. The ISM method can also enable 
individuals and groups to identify and map the direct or 
indirect relations among large numbers of items in a 
complex decision-making position. In this case, it actually 
serves as a means of disciplining and directing the 
complexity of relations among variables. In addition to 
ordering and directing the relations among the items of a 
system, the method helps to analyze and evaluate the impact 
of an item on other items. Thereby, the relational 
complexity among the items is coped with, and the variables 
are ultimately classified on the basis of their driving-
dependence power. The various steps involved in the ISM 
method are shown in Figure 1.  

ISM has been employed in several contexts. Khan and 
Rahman [71] used ISM in brand experience anatomy in 
 

retailing and modeled its variables by this method. Kanungo 
and Bhatnagar [72] applied  this  methodology to present a 
framework for assessing and synthesizing information 
system (IS) quality. Thakkar et al. [73] developed a 
balanced scorecard (BSC) through ISM and showed its 
appropriateness for development of performance 
measurement systems. In the research by Chang et al. [74], 
ISM is utilised to identify the interactive causal 
relationships of critical agility factors when launching a new 
product into mass production. Singh et al. [75] developed 
interrelationships among knowledge management variables 
using this methodology. The main aim of this study is to 
find the individual interactions of the components of 
intellectual capital in the banking industry. ISM can be 
appropriately employed as a tool under such an individual 
interaction state of affairs because the basis of the 
relationship between the components and the overall 
structure can be extracted from the system under 
consideration. Therefore, it can map the model of the 
intellectual capital in a bank. The various steps involved in 
the ISM methodology are as follows: 
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FIGURE 1 

FLOW DIAGRAM FOR PREPARING ISM [76] 
 

Step 1: Variables of the system under consideration are 
listed, which can be its components. 

Step 2: From the variables identified in step 1, a contextual 
relationship is established among variables with 
respect to which pairs of variables would be 
examined. 

Step 3: A Structural Self-Interaction Matrix (SSIM) is 
developed for variables, which indicates pairwise 
relationships among the variables of the system 
under consideration. 

Step 4: A reachability matrix is developed from the SSIM, 
and the matrix is checked for transitivity. The 
transitivity of the contextual relation is a basic 
assumption made in ISM. It states that, if variable 
A is related to B and B is related to C, then A is 
necessarily related to C. 

Step 5: The reachability matrix obtained in Step 4 is 
partitioned into different levels. 
Step 6: Based on the relationships given above in the 

reachability matrix, a directed graph is drawn and 
the transitive links are removed. 

Step 7: The resultant digraph is converted into an ISM, by 
replacing variable nodes with statements. 
Step 8: The ISM model developed in Step 7 is reviewed to 

check against conceptual inconsistencies, and 
necessary modifications are made. 

 
4.1. Structural Self-Interaction Matrix (SSIM) 
A team of experts consisting of 13 senior managers of the 
Export Development Bank of Iran, all having master’s and 

postgraduate degrees and also familiar with the concept of 
intellectual capital, was consulted to identify the nature of 
contextual relationships among the IC components 
identified in Section 3. These experts had several years of 
work experience in banking and related areas of 
management, human resources and performance. ISM 
methodology suggests the use of expert opinions alone 
(based on management techniques such as brainstorming 
and nominal group technique) to develop contextual 
relationships.  

To  analyze  the  components  and  develop  an SSIM,  
paired comparisons were performed and the  following  four 
symbols were used to denote the direction of the 
relationships among the components (i and j): 
 
V: attribute i will help to enhance attribute j; 
A: attribute i will help be enhanced by attribute j; 
X: attribute i and j will help to enhance each other; 
O: attribute i and j are unrelated. 
 

Given the dimensions of the problem, 120 comparisons 
were made in this way and the SSIM was developed based 
on the contextual relationships (Table II). 

The following would explain the use of symbols V, A, 
X, and O in the SSIM (Table II): 

(i) Component 1 helps increase component 8. This 
means that, as efforts are made to raise employee. 
knowledge, the effectiveness of processes and systems 
improves. Thus, the relationship between components 1 and 
8 is denoted by "V" in the SSIM (Table II). 
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(ii) Component 2 can be enhanced by component 9, i.e. 
progress of component 9, namely technology infrastructure, 
improves the employee skill (component 2). Thus, the 
relationship between these components is denoted by "A" in 
the SSIM (Table II).  

(iii) Components 1 and 6 help achieve each other. 
Component 1, namely employee knowledge, and component 
6, namely management policies, help achieve each other. 
Thus, the relationship between these components is denoted 
by "X" in the SSIM (Table II). 
 

 
TABLE II.  

STRUCTURAL SELF-INTERACTION MATRIX (SSIM) 

C. No Components 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 

1 Employee knowledge V O O O O X O O V V X V X X V 

2 Employee skill V V O V O V O A V A A V X X  

3 Employee attributes V O V O O V O O O V V V X   

4 Employee intellectual agility V V O V O V O O V V V V    

5 Employee attitude V V X X O X V O O X X     

6 Management policies V V X X X X V X X X      

7 Corporate culture V V V V V V V O X       

8 Processes and systems V V V V V V O X        

9 Technology infrastructure O V O O V V O         

10 Intellectual property V O V V O O          

11 Customers O X X O A           

12 Suppliers O O O X            

13 Stakeholders A O O             

14 Environmental and community issues V V              

15 Diffusion and networking V               

16 Alliances, licensing and agreements                

 
(iv) No relationship exists between intellectual property 

(component 10) and suppliers (component 12) and, hence, 
the relationship between these components is denoted by 
"O" in the SSIM (Table II). 

 
4.2. Reachability matrix 
In the second step of ISM, the SSIM was converted into a 
binary matrix, called the initial reachability matrix, which is 
a square matrix whose entries can be considered 1 once the 
item i with length 1 can have access to elements j; 
otherwise, the entries are 0.  

The substitution of 1s and 0s were as per the following 
rules: 
 If the (i, j) entry in the SSIM is V, the (i, j) entry in the 

reachability matrix becomes 1, and the (j,i) entry 
becomes 0. 

 If the (i, j) entry in the SSIM is A, the (i, j) entry in the 
reachability matrix becomes 0, and the (j,i) entry 
becomes 1. 

 If the (i, j) entry in the SSIM is X, the (i, j) entry in the 
reachability matrix becomes 1, and the (j,i) entry also 
becomes 1. 

 If the (i, j) entry in the SSIM is O, the (i, j) entry in the 
reachability matrix becomes 0, and the (j,i) entry also 
becomes 0. 

 If i = j, the (i, j) entry in the reachability matrix 
becomes 1. 

Based on the rules above, the initial reachability matrix 
for the components emerged as shown in Table III. After the 
initial reachability matrix was obtained, the final 
reachability matrix could be acquired by inserting 
transitivity into the variable relations. This is a square 
matrix whose entries are considered 1 otherwise 0, wherein 
the item i with any length has access to the element j. 

The common approach to achieve this matrix is to 
allow raising the initial reachability matrix repeatedly as 
long as none of its entries changes. Equation (1) illustrates 
this method. 

(1)  1 1( ) ( ) ( )n n nB I B I B I M        
Warfield [77] emphasized that the development of the 

initial reachability matrix and its conversion into the final 
one would be likely to encounter a serious threat, i.e. 
inconsistency to completing the SSIM. 
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TABLE III.  
INITIAL REACHABILITY MATRIX 

C. 
No Components 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 Employee knowledge 1 1 1 1 1 1 1 1 0 0 1 0 0 0 0 1 
2 Employee skill 0 1 1 1 1 0 0 1 0 0 1 0 1 0 1 1 
3 Employee attributes 1 1 1 1 1 1 1 0 0 0 1 0 0 1 0 1 
4 Employee intellectual agility 1 1 1 1 1 1 1 1 0 0 1 0 1 0 1 1 
5 Employee attitude 0 0 0 0 1 1 1 0 0 1 1 0 1 1 1 1 
6 Management policies 1 1 0 0 1 1 1 1 1 0 1 1 1 1 1 1 
7 Corporate culture 0 1 0 0 1 1 1 1 0 1 1 1 1 1 1 1 
8 Processes and systems 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 
9 Technology infrastructure 0 1 0 0 0 1 0 1 1 0 1 1 0 0 1 0 
10 Intellectual property 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1 
11 Customers 1 0 0 0 1 1 0 0 0 0 1 0 0 1 1 0 
12 Suppliers 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0 
13 Stakeholders 0 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 
14 Environmental and community issues 0 0 0 0 1 1 0 0 0 0 1 0 0 1 1 1 
15 Diffusion and networking 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 
16 Alliances, licensing and agreements 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 

 

According to him, if there is such inconsistency, a universal 
matrix all of whose entries are assumed 1 will be created 
when converting the initial reachability matrix into the final 
one. It, thus, does not allow the ranking and the 
complementary analysis of the ISMs. In order to avoid this 
inconsistency, only relations of length 1 should be used to 
complete the SSIM even though recognizing relations only 
with length 1 can be difficult for experts. Therefore, as 
Warfield [77]  suggested, the final reachability matrix needs 
to be created from the very beginning (i.e. after obtaining 
the SSIM). Since many entries in reachability matrices can 
be derived on the basis of inferences, this method is 
assumed shorter and more reliable. In this method, two 
groups of sub-matrices are completed to achieve a 
reachability matrix. In this respect, the sub-system matrix is 
developed based on the method described by Warfield 
(ibid), and the intersection matrices are then calculated 
according to the method explained in [78]. What results 
from this method is a fully consistent reachability matrix 
which can be further analyzed. 

The final reachability matrix in the present study was 
obtained by using the method described above. In other 
words, the SSIM data were first converted into 0 and 1. 
Then, sub-system matrices were developed based on the 
resulting matrix. After that, intersection matrices were 
created on the basis of this matrix. Finally, a reachability 
matrix was obtained from the aggregation of these two 
matrices according to Table IV.  

By this matrix, interrelationships of the components are 
known, and are drown in the figure 2. As can be seen This 

diagram is complex and difficult to infer. The remaining 
steps of the ISM method, help to obtain a hierarchical and 
transparent model of the IC components. 

 
4.3. Level partitioning 
After the final reachability matrix is obtained, it should be 
divided into different levels. The partitioning of the system 
into different levels can help to clarify the role of individual 
components as well as their mutual interactions and 
facilitate their analysis process. In other words, using the 
level partitioning method and divisions into systems and 
sub-systems can reduce the existing complexity of large 
systems and improve their analysis. At this stage, 
reachability and antecedent sets are obtained for each 
variable through the final reachability matrix. A reachability 
set consists of the components of the system derived from 
the relevant variable. To do the derivation, the row of this 
variable must be checked. Number 1 in this row indicates 
the driving power of the variable, and its location can show 
the antecedent variables and the directional lines exiting 
from it. The antecedent set of a variable comprises the 
system components that can lead to that variable. For this to 
occur, the column of the variable must be examined. 
Number 1 in this column shows the dependence power of 
the variable, its location, its antecedent variables, and the 
directional lines entering into it. 

 
 

 



                           Journal of Industrial Engineering International, 16(4), December 2020                                                    
 

 JIEI@azad.ac.ir  
 

49 

 
FIGURE 2.  

INTERRELATIONSHIPS OF IC COMPONENTS 
 
 
For example, the reachability set for component 7, namely 
corporate culture, consists of the component itself and the 
other variables which it may help to achieve. As Table IV 
shows, components 2, 5, 8 and 16 make its reachability set. 
Moreover, its antecedent set consists of the component itself 
and the other components which it may help to achieve. As 
the column related to component 7 in Table IV shows, 
components 2, 5, 8 and 16 consist of the antecedent set of 

component 7. After determining the reachability and 
antecedent sets, the intersection sets can be determined for 
each variable. For example, for component 7, the 
intersection set is limited to the component itself. 
Accordingly, the variables whose reachability and 
intersection sets are the same can be placed at the highest 
levels of the ISM hierarchy. 
 

 
TABLE IV.  

FINAL REACHABILITY MATRIX 

C. 
No Components 16 8 5 2 7 11 6 3 4 1 13 12 15 14 10 9 Driving 

power 

16 Alliances, licensing and agreements 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

8 Processes and systems 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

5 Employee attitude 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

2 Employee skill 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 4 

7 Corporate culture 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 5 

11 Customers 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 10 

6 Management policies 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 10 

3 Employee attributes 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 10 

4 Employee intellectual agility 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 10 

1 Employee knowledge 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 10 

13 Stakeholders 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 2 

12 Suppliers 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 2 

15 Diffusion and networking 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 

14 Environmental and community issues 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 2 

10 Intellectual property 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 3 

9 Technology infrastructure 1 1 1 1 0 0 0 0 0 0 1 1 1 0 0 1 8 

Dependence power 11 9 9 8 6 5 5 5 5 5 3 3 4 2 1 1  
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TABLE V.  
LEVELS OF IC COMPONENTS 

Component Reachability sets Antecedent sets Intersection Level 

Employee knowledge (1) 1,2,3,4,5,6,7,8,11,16 1,3,4,6,11 1,3,4,6,11 V 

Employee skill (2) 2,5,8,16 1,2,3,4,6,7,9,11 2 III 

Employee attributes (3) 1,2,3,4,5,6,7,8,11,16 1,3,4,6,11 1,3,4,6,11 V 

Employee intellectual agility (4) 1,2,3,4,5,6,7,8,11,16 1,3,4,6,11 1,3,4,6,11 V 

Employee attitude (5) 5, 6 1,2,3,4,5,6,7,9,11 5 II 

Management policies (6) 1,2,3,4,5,6,7,8,11,16 1,3,4,6,11 1,3,4,6,11 V 

Corporate culture (7) 2,5,7,8,16 1,3,4,6,7,11 7 IV 

Processes and systems (8) 8,16 1,2,3,4,6,7,8,9,11 8 II 

Technology infrastructure (9) 2,5,8,9,12,13,15,16 9 9 IV 

Intellectual property (10) 10,14,15 10 10 III 

Customers (11) 1,2,3,4,5,6,7,8,11,16 1,3,4,6,11 1,3,4,6,11 V 

Suppliers (12) 12,13 9,12,13 12,13 I 

Stakeholders (13) 12,13 9,12,14 12,13 I 

Environmental and... (14) 14,15 10,14 14 II 

Diffusion and networking (15) 15 9,10,14,15 15 I 

Alliances, licensing and… (16) 16 1,2,3,4,5,6,7,8,9,11,16 16 I 
 

To find the next levels of the system components, the 
highest level components can be separated out from the 
other components in the related table, and the operation 
associated with determining the components of the next 
level can be performed in the same way as to specify the 
components of the highest level. This operation is continued 
until the system components at all the levels are determined. 
After this stage, a basic model can be mapped considering 
the variables' levels and the final reachability matrix. The 
final model can be achieved by eliminating transitivity from 
the initial model. 

In this study, these procedures were performed on the 
final reachability matrix. As shown in Table V, components 
12, 13, 15, and 16 have the same set of reachability and 
intersection sets and are placed at the first level of the ISM. 
Thus, they were positioned at the top of the ISM model. 
After these components were removed, the stages continued 
until the level partitioning of all the components was done, 
as illustrated in Table V. 

 

5. CLASSIFICATION OF INTELLECTUAL CAPITAL 
COMPONENTS: MICMAC ANALYSIS 

 
After a reachability matrix is obtained, driving-dependence 
power can be calculated for each component. In the 
corresponding table, the total quantity in a row is the driving 
power of a component, and the sum of the values in a 
column equals the dependence power of a component. To 
analyze driving-dependence power in the ISM (MICMAC 
diagram), the variables are classified into four groups as 
follows: 

I) Autonomous variables, which have a weak driver 
power and weak dependence. These  components  are  
relatively disconnected  from  the  system;  there  are  only  
a few links  that  may be strong.  

(II) Dependent variables that have a weak driver power, 
but strong dependence.  

(III) Linkage variables that have a strong driving power 
and strong dependence. These components are unstable in 
that any action on these components will have an effect on 
the others and on their own feedbacks.  

(IV) Independent variables which have a strong driving 
power but weak dependence. 

 As it can be seen in Table IV, component 10 has a 
driver power of 3 and a dependence power of 1. Therefore, 
in Figure 2, it is positioned in a place corresponding to the 
driver power of 3 and the dependency of 1.  

In this way, all the intellectual capital components of 
the bank were classified into four groups of autonomous, 
dependent, linkage, and independent variables with 
reference to their driving-dependence power. The driving-
dependence power values of the intellectual capital 
components of the bank are presented in Figure 2. As it can 
be seen, the variables of intellectual property, suppliers, 
stakeholders, environmental and community issues, as well 
as diffusion and networking have been placed in the 
autonomous area, representing weak driving-dependence 
power. In other words, the six intellectual capital 
components of the bank were somewhat isolated from the 
other components, and they had poor relations. The other 
variables such as employee attitudes and perceptions, 
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processes, systems, as well as alliances, licensing and 
agreements also had a low driving power while they were 
highly dependent on the other variables. The independent 
area only included the variable of technology infrastructure 
with a high driving power but very low dependence on the 
other components. In other words, the impact of this 
component on the other ones was very high in terms of 
achieving returns on equity and earnings. In the end, the 
components in the linkage area were found to be endowed 
with a high driving-dependence power. These components 
were unstable, and they could easily affect the other 
intellectual capital components. They also had a feedback 
effect on themselves. As shown in the diagram of the 
intellectual capital components, the variables of employee 
knowledge, employee skills, employee attributes, employee 
intellectual agility, management policies, customers, and 
corporate culture are placed in this area. 

 

6. FORMATION OF THE ISM DIAGRAM AND MODEL 

Based on the level partitioning at the fourth stage of the 
ISM (Table V) and considering the final reachability matrix 
relations (Table IV), a structural diagram was drawn for the 
 

intellectual capital components of the bank, as shown in 
Figure 3. The variables appearing at the lower levels of this 
diagram were those that were also located in the linkage and 
driving areas according to the MICMAC diagram. The 
dependent variables and, to some extent, the autonomous 
variables were at the top of this diagram, showing their low 
impact on the other components. 

As observed in Figure 3, employee knowledge, 
employee attributes, employee intellectual agility, 
management policies and customers are very significant 
components of intellectual capital as they lie at the base of 
the ISM hierarchy. The four components of the relational 
capital dimension (i.e. 12, 13, 15 and 16) have appeared at 
the top of the hierarchy. It shows that this dimension is the 
most dependent one among the intellectual capital 
dimensions of the Export Development Bank of Iran. The 
diagram shows intellectual property, suppliers, stakeholders, 
environmental and community issues as well as diffusion 
and networking are somewhat isolated from the other 
components. This confirms the result of the MICMAC 
analysis in Figure 2. Employee skill is influenced by 
technology infrastructure and corporate culture, leading to 
better employee attitude and process and systems.  

 

 
FIGURE 3.  

DIAGRAM FOR THE DRIVING AND DEPENDENCE POWER OF THE COMPONENTS
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FIGURE 4.  
ISM-BASED MODEL OF THE INTELLECTUAL CAPITAL COMPONENTS OF THE BANK 

 
 

7. RESULTS AND DISCUSSION 

The importance of intellectual capital stems from the fact 
that the modern economy with its specific characteristics, 
such as e-commerce, globalization, intense competition, the 
rapid growth of new technologies, and rapid changes in 
customer demand, postulates special requirements for 
organizations. In such a situation, companies need to 
develop perfectly transparent strategies that give them a 
competitive advantage. Also, organizations have to 
understand how much capability they need to achieve and 
maintain competitive advantages [41]. Abilities derive from 
knowledge; therefore, organizations seeking to improve 
their ability must manage their knowledge assets and 
capitals. However, the matter is that not all sources of 
knowledge are of the same importance or impact [79]. 
Therefore, identifying the sources of intellectual capitals, 
the relationships among them, and managing them is one of 
the most important requirements for achieving a sustainable 
competitive advantage.  
The results of this research help to identify the components 
of the intellectual capital in the banking industry, the 
relationships among them, and their influences. Regarding 
the relationships among intellectual capital components, 
certain results were obtained. First of all, The position of 
various components of human capital and their relationship 
with those of structural capital in the ISM model (Figure 3) 
showed the impact of human capital on structural capital. 
This is in agreement with the results reached by Shih et al. 
[47] who analyzed the correlation between the human 
capital and structural capital of the banking industry and 
found that human capital in this industry exerts positive and 
direct influence on structural capital. Secondly, the ISM 
model (Figure 3) developed in this study points to the direct 
impact of process and systems on alliances, licensing and 

agreements as well as technology infrastructure on 
suppliers, stakeholders and diffusion and networking and 
the impact of intellectual property on environmental and 
community issues . The relationships among the different 
constructs that make up the structural capital and relational 
capital can be confirmed with the study done by Martinez-
Torres [80]. He developed and validated a procedure to 
identify and measure the intellectual capital in a knowledge-
based organization. His study showed that structural capital 
is the component of the greatest importance, and the 
structural capital assets are used in contacts with people 
outside the organization  (i.e. relational capital). Thirdly, it 
was found that suppliers and stakeholder are influenced by 
technological infrastructure, as shown in Figure 3. This is 
similar to the finding of Rindermann et al. [81] who 
proposed a definition for "relationship with suppliers". In 
their definition, technological support is a variable that 
influences suppliers and stakeholders. Regarding the 
position of intellectual capital components in the 
hierarchical structure, their driving and dependence power, 
and their category in the MICMAC diagram, certain results 
were obtained. First, as Figure 3 shows, three components 
of human capital, namely employee intellectual agility, 
employee knowledge, and employee attribute, lie at the 
bottom level while two of its components, namely employee 
skill and employee attitude, lie at the middle level of the 
ISM model. This indicates the influential role of human 
capital in the bank success. In a similar case, Perez and 
Ordonez de pablos [79] state that employee knowledge, 
skill, and abilities constitute one of the most significant and 
renewable resources which a company can take advantages 
of. Secondly, the present study paid special attention to the 
specific features and the effective role of suppliers in the 
success of organizations. However, the results show that 
they are exactly in the same position as the stakeholders in 
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Figure 2 and Figure 3. St-Pierre and Audet [61] cite Bontis 
[8], Grasenick[82], Green and Ryan [83] and Canibano[84] 
for their definition of relational capital. As they have 
proposed, "relational capital includes all the resources 
involved in the relationships between the firm and its 
stakeholders (customers, investors, suppliers, etc.) and all 
knowledge embedded in these external relationships" (p. 
204). In this definition, suppliers are considered as a group 
of stakeholders. Therefore, the identical position of 
suppliers and stakeholders is validated.  

The third result is based on what is understood from 
Figure 2. According to the figure, the component of 
alliances, licensing and agreements is the most dependent 
one among 16 IC components. The MICMAC analysis, too, 
categorized this component as a dependent one. It lies at the 
top level of the IC model in the bank, which indicates that it 
is influenced by the other components. In this regard, Mat 
Husin et al. [64] have gained similar results. They state that 
the initiatives of a company are developed to form an 
alliance with external parties in a search for resources that 
they are lacking (e.g. assets, knowledge, expertise or any 
core competence). In this situation, the alliance will create 
intellectual asset partners as a competitive advantage. 
Hence, it depends on the strength and weakness of the other 
components of the tangible or intangible assets of the 
organization.  

The component of management policies is the subject 
of the next result. This component lies at the bottom level of 
the ISM model (Figure 3) and is one of the most driving 
components in Figure 2. The consequential function of 
management policies is confirmed by Moon and Kym [58] 
who underline the importance of management policies in 
administrating the various components and subcomponents 
of intellectual capital. They argue that management policies 
are a set of guiding principles used to set a direction in an 
organization. With respect to human capital, organizations 
should enact programs and policies to enhance employee 
capabilities, employee satisfaction, and retention. For 
structural capital, managers must build and sustain a strong 
positive organizational culture, invest in effective and 
efficient work processes, enact strong information systems 
and safeguard intellectual properties. Finally, to build and 
sustain relational capital, organizations must nurture 
customer relationships, partnerships with other stakeholders 
of the organization, and ties with the community in which 
they are embedded (ibid). As described in Section3, 
management policies are composed of organizational 
structure and a few types of policies. One of its components 
is human management policies or human resource policies. 
They are, indeed, the continuous guidelines on the approach 
an organization intends to adopt in managing its people. 
They present specific guidelines to HR managers on various 
matters concerning employment and state the intent of the 
organization in different aspects of human resource 
management such as recruitment, promotion, compensation, 
training, and selections. Therefore, human capital is greatly 
influenced by those policies. This is evident from the close 

relevance of this component to employee knowledge, 
employee attribute and employee intellectual agility, all of 
which are in the linkage area of the MICMAC diagram. 
These variables are both driving and dependent and are 
affected by their own actions. 

Finally, with regard to Figure 2, corporate culture is 
both driving and dependent. It is affected by many 
components and affects many components too. These 
properties make it unstable and difficult to address. The 
mediating role of culture has been considered in Moon and 
Kym's [58] study. They suggest that culture is reflected in 
an organization's market orientation, strategy direction, 
human resources policies and practices, internal networks, 
and information sharing. So, an organization must expend 
extra attention, monitoring, and effort to address this 
component successfully. 

 

8. CONCLUSION 

In this research, an attempt was made to identify and 
analyze the major components of intellectual capital in a 
bank using the ISM model and the MICMAC analysis. 
Sixteen components of IC were identified, and the 
interpretive structural modeling (ISM) methodology was 
used to find the contextual relationships among them. 
Employee knowledge, employee attributes, employee 
intellectual agility, management policies, technology 
infrastructures and customers proved to be at the bottom of 
the structural model. It means that they are the most 
powerful components, and upgrading these components can 
enhance a maximum number of the other components. 
Except technology infrastructures, the other components 
were identified as linkage components which are unstable 
and any action done on them can influence them as well as 
the other components. The component of alliances, 
licensing and agreements was found to lie at the top of the 
structural model and identified as a dependent variable. 
Employee attitude and processes and systems were also 
identified as dependent variables. The enhancement of these 
components depends more on the upgrading of the other 
components. The other five components, including 
intellectual property, suppliers, stakeholders, environmental 
and community issues and diffusion and networking are 
autonomous. 

The structural model suggests how the components of 
intellectual capital in a bank are interrelated. ISM modeling 
provides an understanding as how the various components 
interact with one another. This is an issue of importance 
because policy makers often focus on just a few components 
that they thinks are significant without considering the 
effects of other components. Enacting or adopting a policy 
may upgrade one or more key components that enhance the 
bank performance, but, at the same time, it may downgrade 
the other components rather than upgrade them. The ISM 
model developed in this paper enables policy makers in 
banks to understand and take into account the parameters 
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that are of effect on their tackling with IC problems. It is to 
be stressed that the findings on the influential components 
of IC, as discussed in this research, can be reliably used for 
managing intellectual capital effectively and efficiently as 
well as making strategic and tactical decisions This is 
because the model was extracted through a review of a large 
bulk of literature and on the basis of expert opinions. Of 
course, with slight modifications, the model may be applied 
to organizations other than banks as well.  

Components with higher driving power are of more 
strategic orientation, while those categorized as dependent 
are oriented more toward performance and result.  Thus, the 
best results can be achieved by continually improving the 
independent components. 

In spite of the above-mentioned results, this study had 
its own limitations. First of all, the research was conducted 
based on the data collected from the banking industry with a 
focus on the Export Development Bank of Iran. The 
implementation of its findings in other industries, therefore, 

needs resetting of contextual relationships based on the 
corresponding data. 

Secondly, the relationship model for the identified IC 
components was not statistically validated. Any future 
research in this case may benefit from Structural Equation 
Modeling (SEM), which is capable of testing the validity of 
such hypothetical models..  

In general, ISM may claim an ability to describe a 
causal hierarchical structure for the factors involved in a 
problem, but it definitely cannot provide quantitative 
information for management decisions or demonstrate the 
statistical significance of the components. Accordingly, it is 
suggested for future studies to combine this method with the 
analytic network process (ANP) so as to achieve a complete 
model in terms of dimensions, intellectual capital 
components, and weight and importance of each 
component. 
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