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Abstract 

 

1 | Introduction  

Due to the rapid globalization and the need for companies to compete fiercely in the global arena, 

technology capability is considered a competitive advantage factor to be present in the worldwide 

market. Therefore, technology capability is a prerequisite for today's organizations' economic growth, 

is regarded as a golden key in the business environment, and is an essential weapon in competition 

between companies [12]. Technology development requires continuous activities rooted in 

organizational policies and processes and is referred to as technical capability. With the help of 

technology capability, the necessary infrastructure for investment can be created. Technology also 

increases production efficiency and consequently increases productivity [37]. 
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The capability of technology contributes significantly to the promotion and facilitation of trade. 

Technology capability is an essential factor in increasing competitiveness at the enterprise level. Because it 

helps businesses gain a competitive advantage by differentiating products, creating new business 

opportunities, and reducing costs [34]. Technological innovation capabilities are the decisive and 

fundamental supporting factors of competitive advantage, and the survival and development of modern 

organizations depend on knowledge, applications, and technological innovation. However, for many 

organizations, the relationship between investment capability and technological innovation capabilities and 

how it affects technological innovation capabilities and the firm's competitive performance is still unclear 

[12]. 

Technology capability is the efficient application of technological knowledge to create, apply, disseminate, 

accept and change existing technologies [9]. This concept refers to organized research and development in 

developed countries and focuses on concepts such as the commercial exploitation of technology. 

Implementing technology in businesses such as manufacturing companies must be integrated with dynamic 

areas such as supply chain management. Because this makes it possible to control the management of 

material resources better, avoid production delays and thus increase compliance with customer demands 

[33]. 

An efficient and capable supply chain is also an essential and decisive competitive advantage in a 

competitive supply chain [19]. The supply chain is a complex network of facilities that design, supply, 

manufacture, and deliver commodities to customers in the appropriate amounts, locations, and times. The 

supply chain is highly complex and constantly evolving due to globalization, diversity, flexibility, 

sustainability, and uncertainty [19]. 

Companies need to combine technology-related resources with their unique capabilities and lead to 

superior performance [15]. It is necessary to examine the performance of organizations given the complex 

and competitive conditions that have arisen over the past few years. Hence, organizations strive to improve 

their performance to survive and achieve a better position than other organizations. Organizational 

performance is a multi-dimensional concept of organizational effectiveness and operational efficiency [36]. 

Organizational performance includes selecting, implementing, and monitoring performance metrics; 

therefore, organizational efficiency and effectiveness can be based on productivity, effectiveness, service 

quality, customer satisfaction, and efficiency [18]. 

Recent research in resource-based perspectives assumes that organizations' performance level varies 

according to technological capabilities [13]. Organizations in the contemporary world are changing rapidly, 

and in the current system, improving the performance of the organization is one of the main goals of any 

organization. Therefore, identifying the variables affecting the performance of organizations and 

prioritizing and ranking these factors is necessary to improve, upgrade and develop the performance of an 

organization [16]. 

Among the many necessities of life, the automotive industry is of great importance and sensitivity in terms 

of the extent and use of automobiles by different social groups. The automotive industry is one of the 

most critical industries in the world economy. Due to its wide connection with other industries, it is referred 

to as the locomotive of industries. For this reason, reviewing its developments and trying to improve the 

capability of technology and market expansion is one of the essential measures in the domestic and 

international arena. 

Examining the research background and literature, it was discovered that earlier investigations in fuzzy 

environments and employing hierarchical analysis did not study and analyze the capabilities of technology. 

Similarly, the capacity of supply chain technology in the automotive industry has not been done in previous 

research, all of which will be examined in this study. 
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This research attempts to prioritize and rank the indicators and sub-indicators of technological capability 

in the automotive industry's supply chain. Consequently, the following research question is posed: what 

is the relative importance and priority of each of the indicators and sub-indicators of supply chain 

technological competence that influences the organization's performance in the automotive industry? 

According to the structure of the article, after reviewing the theoretical literature of the research, the 

drivers of technical capability in the supply chain were identified. Then, using fuzzy hierarchical analysis 

and surveys, several experts in the automotive industry and supply chain weighted these indicators based 

on pairwise comparisons. The research findings were discussed and then concluded. 

2 | Literature Review 

2.1 | Theoretical Foundations and Research Background 

2.1.1 | Theoretical foundations of research 

Some researchers and scholars have provided definitions of technology capability, reflecting their 

attitude towards their expertise and research areas. The capability of technology is the knowledge used 

in an effective and productive endeavor. The capability of technology is the tool or method, product, 

process, physical equipment, or methods by which human capabilities emphasize the machine aspect of 

technology [27]. 

One of the driving forces for long-term economic development is technological capabilities. The 

impacts of technology capabilities have been investigated in national and international studies. 

Technology capability is related to skill, the knowledge required by the company, acceptance, transfer, 

and development of the company's technologies. It plays a vital part in achieving productivity in the 

production process and the degree of innovation of the company [12]. 

Technology capability can be considered a continuous process of absorbing or producing technology 

that allows companies to offer distinctive products and services. There are various definitions of 

technology capability in the research literature, some of which refer to structural factors and others to 

practical and strategic elements of companies. Some researchers have referred to specific and internal 

aspects of the company [26]. Some have also referred to the external contexts of companies. Technology 

capability refers to the ability to absorb, use, accept, apply, transfer and disseminate technology, which 

includes a set of resources and skills (operational, organizational, and relational) and learning 

mechanisms. There are two basic approaches to measuring and defining technology capability. The first 

approach is the process aspect of technological capability, including the set of organizational methods 

and processes. The second approach is output-oriented, including trade secrets, technological 

knowledge, and technical knowledge produced by research and development and technological 

properties such as patents [9]. 

The three main dimensions of investment capability, production capability, and communication 

capability are introduced to measure the capability of technology, each of which includes its processes 

[35]. 

Technology capability is a factor that differentiates a company from other companies and keeps 

companies alive [16]. In today's competitive world, maintaining a competitive advantage has become 

difficult due to the development of markets, competitors' influence, and the presence of different 

customers. Competitive advantage due to the capability of technology helps to create and maintain 

companies over time. It can be considered the core of the success or failure of companies compared to 

competitors [4]. 



91 

 

Id
e
n

ti
fy

in
g

 a
n

d
 p

ri
o

ri
ti

z
in

g
 t

e
c
h

n
o

lo
g

y
 c

a
p

a
b

il
it

y
 d

ri
ve

rs
 i

n
 t

h
e
 s

u
p

p
ly

 c
h

a
in

 u
si

n
g

 t
h

e
 f

u
z
z
y
 h

ie
ra

rc
h

ic
a
l 

a
n

a
ly

si
s 

p
ro

c
e
ss

 
(c

a
se

 s
tu

d
y
: 

Ir
a
n

 K
h

o
d

ro
 a

n
d

 S
a
ip

a
 a

u
to

m
o

ti
ve

 c
o

m
p

a
n

y
) 

 

The efficient evaluation of technological innovation capabilities of enterprises is an essential factor in 

enhancing competitiveness. In a study, to evaluate and rank the criteria for technological innovation, a 

framework is proposed and uses a novel hybrid Multiple Criteria Decision Making (MCDM) model to 

address the dependence relationships of criteria with the aid of the Decision-Making Trial and Evaluation 

Laboratory (DEMATEL), Analytical Network Process (ANP) and VIKOR. The study reports that the 

interaction between criteria is essential and influences technological innovation capabilities; furthermore, 

this ranking development of technological innovation capabilities assessment is also one of the crucial 

management tools for the management of other related high-tech enterprises [20]. 

National and regional growth and development models in developing countries, whose development 

attributes are far different from those of the developed countries, must be in such a way to allow the 

corresponding country or region to develop at the minimum cost within the shortest possible period. One 

of the successful approaches toward national and regional development models is relying on a development 

model based on extending and developing science and technology corridors. This study uses multiple 

attribute decision-making processes to rank practicable technologies within Isfahan's science and 

technology corridor. This research's outstanding criteria are applying three decision-making methods for 

upgrading reliability. For this purpose, 13 attributes were utilized (categorized into six groups). AHP, 

TOPSIS, and SAW techniques were employed to rank technologies so that the following order of 

preference was suggested for the practicable technologies within the science and technology corridor of 

Isfahan: 1) information and communication technology, 2) material technologies, 3) biotechnology, 4) 

energy technology, 5) Nano-technology, 6) environmental technology, 7) laser and optic technology and 

8) nuclear technology [25]. 

To compete in the global environment, a manufacturing company has to keep developing new 

technologies. The right technology selection is critical in a successful technology transfer process. 

However, technology selection is a complex multi-dimensional problem including qualitative and 

quantitative factors, such as human resources and operational and financial dimensions, which may be in 

conflict and uncertain. In addition, interdependent relationships exist among various dimensions as well as 

criteria of technology selection. The identified problems could be solved by combining MCDM methods 

of different nature and fuzzy set theory. The research objective was to develop a complex approach to 

evaluate technologies and rank their appropriateness for a company. A hybrid model is proposed based on 

the Fuzzy Analytic Network Process (FANP) and Fuzzy Technique for Order Preference by Similarity to 

Ideal Solution (FTOPSIS) [3]. The organization's performance management is a critical component that 

directly affects the organization's total performance and the competitive environment. 

This paper aims to prioritize alternatives related to manager(s) performance in an organization using multi-

criteria decision-making, i.e., PROMETHEE, ELECTRE, and TOPSIS, and provide a model for it. The 

mean Maximum-Minimum Square Ranks method is proposed to combine the results obtained from 

applying multi-criteria decision-making methods. Also, roadmaps are presented for alternatives with higher 

priority for the organization. The proposed model allowsfor solving issues related to organizational 

performance by analyzing various options and criteria for organization manager(s) [1]. 

Achieving a competitive advantage leads to the competitive dynamics of companies. In a way, the most 

basic concept of competitive advantage refers to the company's use of resources to achieve superior 

performance; the three main elements can lead to differentiation and difference compared to other 

competitors. These factors include sources of competitive advantage, competitive advantage, and company 

performance [8]. 

Recently, competitiveness and productivity awareness have increased rapidly among different industries. 

Hence, the performance evaluation of the productivity criteria is needed to improve productivity and 

strengthen the organization's management. In this study, a two-phased research method has been projected 

to determine some governing factors affecting the industry’s output. In the first phase, six criteria 

associated with productivity have been identified based on literature, inputs from experts, and opinions 
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from the officials and managers of six garment industries in Bangladesh. In the second phase, among 

different MCDM tools, the Fuzzy Analytic Hierarchy Process (FAHP) has been used for evaluating 

criteria weights and ranking the criteria. The line-balancing criterion is the most critical factor in 

improving the RMG's productivity [14]. 

Efficient Inter-Organizational Information Systems (IOIS) have become the backbone of modern 

supply chains. IOIS can plan, coordinate, collaborate and integrate supply chains to attaina competitive 

advantage. The speed of innovative technology evolvement, lack of clarity, and delay in taking 

appropriate managerial and strategic decisions for adopting IOIS demand further research in this area. 

The robust advancement in digital technologies stresses a proper decision model for the IOIS adoption 

process. This research provides a novel model for selecting the best IOIS alternative by considering the 

contents, scope, and critical decision-making factors affecting supply chain integration. Twelve decision-

making factors affecting IOIS selection were identified and categorized under four significant 

dimensions: technological, operational, application, and innovative for effective decision-making [10]. 

In the context of innovation-driven strategy, the role of suppliers has been attracting much attention. 

Scientifically selecting an innovative supplier is highly valued by decision-makers. A study focuses on 

proposing a novel decision framework in the context of collaborative innovation, which helps 

manufacturers select an innovative supplier who can work hand in hand with them to enhance their 

innovation performance. First, a novel Capability-Willingness-Risk (C-W-R) evaluation indicator system 

is established, considering supply risk from a multi-proximity perspective tightly tied to collaborative 

innovation performance, only thought from geographical proximity in previous supplier selection 

research. Then a hybrid fuzzy-symmetrical MCDM model is proposed that integrates fuzzy linguistic 

sets, Best–Worst Method (BWM), Prospect Theory (PT), and VIKOR. This approach obtains a final 

ranking for innovative supplier selection [22]. 

A supply chain is an integrated system of interrelated equipment and activities thatdeals with the 

production process, transfer, and distribution among customers. The fundamental problems in the 

supply chainare generally divided into three categories: 1) supply chain design, 2) supply chain planning 

and 3) Supply chain control. In the chain design phase, strategic decisions such as the facilities' location 

and the appropriate technology selection are taken [31]. 

Supplier selection is one of the most critical activities of purchasing management in a supply chain. 

Because selecting suitable suppliers helps reduce purchasing costs, improve the quality of final products 

and services, etc. In an actual situation, for a supplier selection problem, most input information is not 

known precisely since decision-making deals with human judgment and comprehension, and its nature 

includes ambiguity. In fact, on the one hand, deterministic models cannot easily take this vagueness into 

account. In these cases, the theory of fuzzy sets is one of the best tools to handle uncertainty. 

On the other hand, Kavilal et al. [19] proposed a new approach to finding the fuzzy optimal solution to 

a fully fuzzy linear programming problem. So, this approach in this paper presents a new mixed integer 

multi-objective linear programming model for the supplier selection problem. Due to the uncertainty of 

the data, in continuation, we offer a new method to solve multi-objective fully fuzzy mixed integer linear 

programming and implement the methodologyfor supplier selection problem. Computational results 

present applying the technique and the proposal-solving method [19]. 

Supply chain design has always been one of the most critical operational decisions of every organization 

since the availability of the proper supply system, in addition to reducing system costs, accelerates the 

delivery and receipt of goods, thereby improving the entire system [5]. 

The supply chain has been widely discussed in the management literature. In supply chain management, 

the decision to select a supplier is one of the critical issues made by purchasing and operations managers 
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to maintain the competitive position of organizations. Globalization and outsourcing have added to this 

competitive pressure to the point where supplier selection has become a vital issue [19]. 

Nowadays, increasing environmental and social awareness has led numerous industries to adopt 

Sustainable Supply Chain Management (SSCM). Sustainable Supplier Selection (SSS) is a significant and 

primary step in achieving an SSCM. SSS is an MCDM problem and is very intricate in its nature. This study 

aims to evaluate and rank sustainable suppliers using Data Envelopment Analysis (DEA), a popular model 

for measuring the productive efficiency of decision-making units effectively and can also handle MCDM 

problems. An evolutionary algorithm, Differential Evolution (DE), is used to solve the DEA model, 

avoiding some inherent limitations of DEA. This integrated DEA-DE model provides more accurate 

efficiencies. Employing this easy and fast model to assess sustainable suppliers will help industries and 

suppliers move towards achieving and maintaining sustainability and thus will increase the overall 

performance of SSCM [28]. 

2.1.2 | Empirical background of the research 

In a study, researchers examined the impact of technology capability flexibility infrastructures on the 

competitive advantage of small, medium, and large companies. According to the findings of this study, 

having a flexible technology infrastructure positively impacts competitive advantage [21]. 

The investigation of competitive strategy, technical capabilities, and organizational performance in the 

manufacturing industry revealed that technological capabilities influence organizational performance and 

can contribute to competitive advantage [27]. 

According to a study, technology capabilities refer to the company's internal competencies or relative 

strength compared to other companies. Companies' technological capabilities are strongly tied to their 

technological innovation. Technology capabilities depend on how the company has performed in the past 

and are likely to lead to a successful path. Technology capabilities can increase the value of the company 

by using external knowledge. High-tech companies have a high motivation to acquire knowledge, unite 

and mobilize resources, and these companies have an increased ability to benefit from external resources 

[34]. 

Researchers examined the impact of technology on supply chain performance. The findings revealed that 

technological capabilities enhance logistics efficiency, operational efficiency, customer communication, 

proper communication with suppliers, and competitive advantage. The final results indicate that creating 

the correct supply chain is critical to getting a competitive edge [35]. 

According to a study by De Mori et al. [9], technology's capabilityis vital in achieving productivity in the 

production process. The degree of innovation of the company, which is associated with skills, the amount 

of knowledge required to accept the company, acceptance, transfer, and the development of company 

technologies, is relevant and serves as a channel to solve companies' problems. Technology capability can 

be used as a quantitative and qualitative criterion for solving problems. Technological capability can be a 

tool for analyzing performance and making decisions and a source of technology dynamism in an 

organization [9]. 

Collaborating with six institutes in the Netherlands, Norway, the United Kingdom, and Italy presented an 

integrated model for assessing technology capability. Different functional layers were examined in this 

model, which was implemented in health care. Finally, by offering an integrated evaluation model of 

Gerhados technology, a comprehensive approach to the systematic evaluation of technology has been 

suggested [7]. 

In a study by Radfar and Khamseh [30], they introduced the model of technology needs. This model 

identifies and determines the capabilities needed to implement technology priorities in developing 
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countries. Through this model, the capabilities of firms are measured from 3 dimensions based on a 

questionnaire that, after completing it by experts, their scores are added together, and the total score is 

compared with the table related to the form of determining the results of technology needs assessment 

and finally between four levels. In terms of capability (firm type I: passive, firm type II: reactive, firm 

type III: strategic, firm type IV: creative), the level of capability of the firm is determined [30]. 

In a study by Mikalef and Pateli [23], they examined the dynamic capabilities of technology and its impact 

on competitive performance. The results showed that dynamic technology capabilities affect operational 

and market capital agility, and technology capabilities indirectly affect competitive performance [23]. 

Dynamic capabilities, creativity and innovation capabilities and their impact on competitive 

advantage and company performance 

The role of adjusting entrepreneurial orientation is the focus of a study. This study defines dynamic 

ability as the ability for systematic problem-solving that varies with the desire to detect opportunities 

and threats, make timely decisions, and effectively implement strategic decisions, ensuring the 

appropriate direction. In addition, the two-way viewpoint investigates the indirect influence of 

exploitation and exploration capabilities via creativity and innovation capabilities, providing proof of the 

impact on a company's competitive advantage and performance [12]. 

Research on technology capability, environmental innovation performance, and collaborative research 

and development strategies in the new energy vehicle industry: evidence from Chinese companies. The 

study is based on a unique collection of panel data from 127 companies in China's automotive industry 

from 2009 to 2018. Empirical findings show that firm-level technology capability is positively correlated 

with the performance of environmental innovations, and government ownership is enhanced. 

Surprisingly, this positive relationship weakens the increase in government subsidies. The results also 

show that companies with higher technological capabilities prefer collaborative R&D. In comparison, 

companies with lower technical capabilities tend to have in-house R&D. These findings increase the 

understanding of the cost-effectiveness of R&D investment in the energy technology industry and shed 

light on the interaction of internal and external resources. This study presents management concepts to 

promote industry prosperity [37]. 

In a study by Qin et al. [29], they researched the impact of technology capability and infrastructure 

capability on new product development performance, market knowledge's role, and innovation's 

formalization process. This study shows how the capacity of technology infrastructure affects the 

implementation of new product development by considering market knowledge as a mediator and 

innovation processes as a moderator. The study provides empirical evidence that technology 

infrastructure capability is not only directly and positively related to new product development 

performance but also indirectly related to the use of market knowledge. Further results show that the 

formal innovation process weakens this relationship. Overall, this study expands the understanding of 

how technology infrastructure capability affects new product development performance and can be 

helpful for managers looking for superior recent product development performance [29]. 

In the current intense competitive environment, companies continuously need to increase their 

performance and adapt their activities to the developing and changing environment to survive. The 

concepts of quality, technology, and innovation are among the most prominent issues in this competitive 

environment. At this point, recently emphasized information technologies integrated into the business, 

innovation activities, and logistics services that develop along with these activities are essential issues. 

Accordingly, this study aims to reveal the role of information technology use in supply chain innovation 

and logistics service quality. According to the results, it has been determined that information 

technologies mediate between innovation capability in the supply chain and logistics service quality [2]. 
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3 | Research Methodology 

The present study is applied in terms of purpose and is considered quantitative research. Also, in terms of 

the data collection method, it is "descriptive (non-experimental)", which is regarded as a survey-single-

section type due to the use of the fuzzy hierarchical analysis method [32]. 

The statistical population in this study is domestic car companies, Iran Khodro Industrial Group, and Saipa 

Automotive Group and their supply chain. A questionnaire was designed to compare the main dimensions 

of "technology capability" and compare sub-indicators of each dimension, which was agreed upon by ten 

experts in the field of automotive and supply chain at management levels with at least five years of 

experience and master's degree and above, it was answered. Statistical samples of this study were selected 

as snowballs (chain reference). The fuzzy hierarchical analysis process was used to weigh the identified 

indicators. 

According to Table 1, the main elements of the model are identified along with the variables and technology 

capability items in the supply chain. After the initial design of the model, through reviewing the research 

literature, the content validity of technology capability was assessed by surveying professors and experts in 

the field of the automotive supply chain; in this way, a questionnaire consisting of identified components 

was provided to the experts, and they were asked to rate the relevant details based on a nine-point Likert 

scale. Also, at the end of the questionnaire, space was considered to comment on the components not 

mentioned in the questionnaire. Finally, factors with a score of more than 5 or 7 were selected. The main 

items of the questionnaire for the second-order hidden variable of the model are presented in Table 1. 

Table 1. The analytical research model for supply chain technology capability. 

 

 

Variable Code Item References 

Product technology 
capability (A) 

A1 Technology creation [13], [15]  
A2 Technology transfer [13], [15]  
A3 Implementation and application of technology [9], [34] 
A4 Cost savings by technology [12], [26] 
A5 Update and use technology [12], [27] 

Process technology 
capability (B) 

B1 Process efficiency by technology [9], [34] 
B2 Improving service delivery by technology [27], [30] 
B3 Reduce process time [13], [37] 
B4 Reduce operating costs [34], [37] 
B5 Compliance of production with engineering specifications [12], [37] 

Supplier technology 
and supply chain (C) 

C1 The extent of technology knowledge absorption [12], [34] 
C2 Acceptance of new technologies [15], [35] 
C3 Technology transfer and development [30], [34]  
C4 Operational effectiveness [19], [33] 
C5 Improve logistics efficiency [19], [33] 

The capability of 
core and backup 
activities (D) 

D1 Infrastructure development [12], [37] 
D2 Upgrading the human resource management system [16], [36] 
D3 Supporting technology development [12], [37] 
D4 Supply and supply of technology needs [9], [30] 
D5 Financing for technology development [34], [37] 

Tools and skills (E) 

E1 Proper organization and management in line with 
technology 

[12], [30] 

E2 Utilization of new production machines and tools [9], [12] 
E3 Improving human resource skills and experiences [16], [36] 
E4 Examine the limitations in the use of technology [37] 
E5 Increase the amount of information and technical 

knowledge 
[21], [29] 

Tools and skills (E) 

F1 Develop a vision and strategy for technology innovation [12], [37] 
F2 Identify internal strengths and weaknesses and external 

technological opportunities and threats 
[12], [37] 

F3 Technology-based performance support [15], [34] 
F4 Technology development [12], [37] 
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Table 1. Continued. 

 

 

 

 

 

 

3.1 | Fuzzy Hierarchical Analysis Process Method 

The fuzzy hierarchical analysis is used to measure the technology capability model. The traditional 

hierarchical analysis process does not fully reflect the human thinking style. In other words, fuzzy sets 

are more compatible with linguistic and sometimes ambiguous human explanations, so it is better to use 

fuzzy sets (using fuzzy numbers) to make long-term predictions and decisions in the real world. The 

fuzzy hierarchical process [6] method is used in this research. 

In the fuzzy hierarchical analysis technique, a pairwise comparison of each model level's elements must 

be performed after drawing the hierarchical decision tree. In the calculation stage, the coefficients of 

each pairwise comparison matrix are calculated using the definitions and concepts of fuzzy hierarchical 

analysis. For each row of the pairwise comparison matrix, the value of SK, which is itself a triangular 

fuzzy number, is obtained from Eq. (1). Eqs. (2) to (4) calculate each part of this relationship. 

 

 

 

 

After calculating all the Sk, in this step, we have to calculate the magnitude of each surface element on 

the other elements of that level separately, according to the following equations: 

 

The magnitude of a triangular fuzzy number is obtained from k of another triangular fuzzy number 

from Eq. (7): 

 

To calculate the weight of the indices in the matrix of pairwise comparisons, we do the following: 

Therefore, the weight vector of the indices will be in the form of Relation (9) or the same vector of 

abnormal coefficients of fuzzy hierarchical analysis. 

Variable Code Item References 

Investment 
capability (G) 

G1 Optimal allocation of capital [18], [37] 
G2 Purchase of intangible technology such as licenses and 

patents 
[36], [37] 

G3 Adequate purchase of tangible technology such as equipment 
and machinery 

[33], [37] 

G4 Allocate a share of revenue to research and development [15], [37] 

Organizational 
capabilities (H) 

H1 Reproduction and expansion of technology [8] 
H2 Maintain existing technologies [26] 
H3 Technology monitoring [9] 
H4 Adaptation and improvement of technology [12], [15] 

(1) 

  (2) 

(3) 

(4) 

(5) 

 (6) 

 (7) 

 (8) 
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3.2 | Calculate the Compatibility of Fuzzy Pairwise Comparison Matrices 

Deng [11] proposed a method for calculating the degree of compatibility of paired fuzzy comparison 

matrices based on strong transmittance conditions. In this method, to investigate the compatibility 

conditions, it is necessary to form two separate matrices Ag and Am from each pair comparison matrix 

A ̃(n × n). The matrix Am is obtained from the median values of the preferences of each expert (median 

values of fuzzy triangular numbers). (Am = [aijm]) the second matrix (Ag) is created from the geometric 

mean of the upper limit and the lower limit of fuzzy triangular numbers (Eq. (10)). 

The weight vector of each of these two matrices must be calculated to find the degree of compatibility. 

Because these matrices contain non-fuzzy data, the Saaty method can be used to calculate the weight vector. 

Hence, the vectors Wg and Wm are obtained from Eqs. (11) and (12). 

n is the dimension of the matrix. Each matrix's largest special amount (λmax) is calculated from Eqs. (13) 

and (14). 

Based on the Saaty method, the Consistency Index (CI) for measuring the reliability of the first 

questionnaire, which shows the deviation from full compliance, is obtained in the following order: 

 

 Table 2. Random indices of Deng. 

 

 

  

  

If both (CRm and CRg) compatibility values of each pairwise comparison matrix are greater than 0.1, the 

expert should be asked to reconsider their preferences. Suppose only CRm or CRg is greater than 0.1, and 

another is acceptable in the set. In that case, it is better to persuade the decision maker to re-evaluate the 

intermediate values and keep the limit values unchanged, but given that in this study of standard Chang 

triangular fuzzy numbers, which has a special relationship between the lower limit, the median value and 

the upper limit of each number, is used. In case of incompatibility of either of these two matrices, the 

preferences of the respective matrix should be reconsidered in general. 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

Matrix Size 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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4 | Research Findings 

After studying the research literature and identifying the drivers of technical capability in the automotive 

industry supply chain, the recognized model serves as the foundation for fuzzy hierarchical analysis, and 

the weighting of the model's indicators and sub-indices are examined. 

The pairwise comparison questionnaire of the main dimensions of "technology capability" and the 

comparisons of the sub-indicators of each dimension was provided to several experts in the automotive 

industry and supply chain. It was decided to answer the questionnaire in an agreed manner. Technology 

competency indicators were weighed through a hierarchical process and questionnaire data. The fuzzy 

hierarchical process method was obtained by formulating the final pairwise comparison matrices in 

matrix Excel software. The final weighting of the indices was calculated by multiplying the weight 

obtained by each index in its subgroup in the respective next weight. The incompatibility of each pair 

of comparison tables was individually calculated (the incompatibility of each matrix should be less than 

0.1) to test the questionnaire's reliability (to determine the compatibility or incompatibility of opinions). 

The final weight of each sub-index in the whole technology capability model is obtained by using the 

importance of the main index multiplied by the weight of the sub-index in their group. The final weight 

obtained for each sub-index and their priority and rank among the indicators of the technology capability 

model is described in Table 3. 

Table 3. Weights and ranks of indicators and sub-indicators of the technology capability model. 

 

The Main Indicator Index Rank Sub-Index 
Rank 

Subscript Weight of the 
Main Indicators 

Sub Weight 
Index 

Product technology  
capability (A) 

2 4 A1 0.228 0.098 
5 A2 0.065 
1 A3 0.421 
3 A4 0.199 
2 A5 0.215 

Process technology 
capability (B) 

7 1 B1 0.035 0.379 
3 B2 0.175 
4 B3 0.096 
5 B4 0.067 
2 B5 0.281 

Supplier technology  
and supply chain (C) 

3 3 C1 0.153 0.152 
2 C2 0.291 
1 C3 0.394 
4 C4 0.095 
5 C5 0.067 

The capability of core and 
backup activities (D) 

8 1 D1 0.024 0.405 
2 D2 0.253 
3 D3 0.178 
4 D4 0.096 
5 D5 0.067 

Tools and skills (E) 

5 2 E1 0.108 0.269 
1 E2 0.408 
4 E3 0.091 
3 E4 0.162 
5 E5 0.068 

The strategic 
capability 
of technology (F) 

1 2 F1 0.263 0.257 
3 F2 0.150 
4 F3 0.093 
1 F4 0.498 

Investment 
capability (G) 

6 1 G1 0.045 0.429 
3 G2 0.143 
4 G3 0.092 
2 G4 0.334 

Organizational 
capabilities (H) 

4 2 H1 0.144 0.257 
3 H2 0.155 
1 H3 0.415 
4 H4 0.113 
5 H5 0.058 
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According to the results of the fuzzy hierarchical analysis process and the data in Table 3, the dimension of 

"strategic capability of technology," with a weight of 0.263, had the highest score. The final weights of the 

sub-index are 0.498 for "technology development," 0.257 for "development of vision and strategy for 

technology innovation," respectively, "identification of internal strengths and weaknesses and external 

opportunities and threats of technology." Equivalent to 0.150, "technology-based performance support" 

equals 0.093. 

Next, "product technology capability" gained the weight of 0.228 in second place. The final weight of the 

sub-indices for "implementation and application of technology" is equal to 0.421, "update and use of 

technology" are equal to 0.215, "cost saving" is equal to 0.199, "technology creation" was equal to 0.098, 

and "technology transfer" was equal to 0.065. 

According to Table 3, the "supplier technology and supply chain" dimension weighs 0.153. The final weights 

of the sub-indices are "technology transfer and development" equal to 0.394, "acceptance of new 

technologies" equal to 0.291, "technology knowledge absorption rate" equal to 0.152, and "operational 

effectiveness," respectively. Equal to 0.095, "improvement of logistic efficiency" is equal to 0.067. 

Similarly, the weight of the following "organizational capabilities" was calculated to be 0.144 percent. The 

final weights of the sub-indices are equal to 0.415 for "technology monitoring," 0.257 for "technology 

reproduction and expansion," 0.155 for "maintenance of existing technology," and "adaptation and 

improvement of technology," respectively. With 0.113, the "ability to update technology" was equal to 

0.058. 

For the "tools and skills" dimension, a weight of 0.108% was obtained. The final weight of the sub-indices 

for "use of new production machines and tools" is equal to 0.408, respectively, "proper organization and 

management in terms of technology" is equal to 0.269, and "examination of limitations in the use of 

technology" is equal to 0.162, "improvement of skills and experiences of human resources" equal to 0.091, 

"increase of information and technical knowledge" equal to 0.068. 

Then "investment capability" gained a weight of 0.045 percent. The final weight of the sub-indices for 

"optimal allocation of capital" is equal to 0.429, "allocation of revenue share to research and development" 

equal to 0.334, respectively, "purchase of intangible technologies such as licenses and patents" equal to 

0.143, "adequate purchase of tangible technology such as equipment and machinery "equal to 0.092. 

Next, "process technology capability" gained a weight of 0.035 percent. The final weight of the sub-indices 

for "process efficiency by technology" is equal to 0.379, "compliance of production with engineering 

specifications" is equal to 0.281, "improvement of service delivery by technology" is equal to 0.175, and 

"reduction of process time," respectively. Equivalent to 0.096, the "reduction of operating costs" was equal 

to 0.067. 

Finally, according to Table 3, the "capacity of main and support activities" gained a weight of 0.024 percent. 

The final weight of the sub-indices for "infrastructure development" is equal to 0.405, "upgrade of human 

resource management system" is equal to 0.253, "support for technology development" is equal to 0.178, 

"supply and supply of technology needs"are equal to 0.096, "financing for technology development" was 

equal to 0.067. 

4.1 | Sensitivity Analysis 

Sensitivity analysis approaches can be divided into two categories: deterministic and probabilistic, which 

are sometimes known as local and general approaches. The deterministic sensitivity analysis method is 

usually used if the model is very complex. In this case, the model with a small number of analyzes, with 

different combinations of parameters, one of which changes each time, and their effect on the outputs is 
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measured by initial analysis. Sensitivity analysis (parameter-induced) determines the crucial parameters 

of the model and their relative importance [17]. 

The terms uncertainty analysis and sensitivity analysis usually come together and are likely to overlap. 

The purpose of parameter sensitivity analysis is to determine the critical parameters of the model and 

their relative importance. For example, is parameter a more urgent than parameter B? Or what is their 

significance to C? In other words, can the parameters be ranked in order of importance? [24]. 

In the proposed sensitivity analysis, each variable starts to change from 0 to 100%, and the effect of 

these changes on other variables in the study is investigated. Due to the complexity of the relationship 

between the variables, there will always be a nonlinear relationship between the changes. Super decision 

software is used for analysis. It has been shown in all diagrams that the criteria with a higher weight will 

accept the highest slope of changes from the increasing trend of the growing variable, and the less critical 

variables will tend to zero with a lower slope. 
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Fig. 1. Sensitivity analysis. 

 

5 | Discussions and Conclusions 

This study shows new drivers and relationships beyond existing literature. After analysis, we got some 

results different from the past. This study contributes to the literature in the following ways. The first is 

the definition and dimensions of technology capabilities. The second contribution is the empirical 

corroboration that technology capabilities are also relevant for the Iran industry. 

The literature suggests that Western-generated theories may not fully apply to societies with vastly different 

socioeconomic conditions. Third, this study contributes to the debates on the value of technology 

capabilities. 

The finding shows that technology capabilities enable firms to be sensitive to opportunities and threats, 

seize possible chances and implement the change necessary to enhance environmental adaptability and 

ultimately achieve competitive advantage. 

The result of this study suggests a high priority for the identified drivers: "strategic technology capability" 

and "product technology capability" in the main criteria and "technology development" and 

"implementation and application of technology" in the sub-criteria. 

Researchers in previous studies have proposed various drivers. For example, the driver of "flexible 

technology infrastructure" [21], "internal competence and competence or relative strength of the company 

to other companies" [34], the driver of "appropriate supply chain" [35], the driver "providing a 

comprehensive approach" [7], "technology model" [18], "operational agility and capital agility" driver [23], 

"dynamic capability" [12], also suggested "environmental innovation performance"driver by Wu et al. [37] 

and finally, "technology capability infrastructure capability" [29]. 

New drivers have been identified and prioritized in the study, which has not been mentioned in previous 

studies, and by considering the mentioned drivers, new results can be obtained. 

The results of this study increase our awareness of the propulsion indicators of the supply chain technology 

capability model and highlight the importance of each of these indicators. Based on the results of the fuzzy 

hierarchical analysis method for the indicators of the supply chain technology capability model, the 

following items are presented: 

Regarding key metrics, automakers in the supply chain need to pay more attention to the "strategic 

technology capability" issue. Based on the results, manufacturers should put the main criterion of "strategic 

technology capability" on the agenda and review it. The adoption of these strategies, along with other 

strategies and various policies in various industrial dimensions, has played a significant role in the relative 
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advancement of industries. Some of these strategies are reverse value chain strategy, reverse life cycle 

strategy, process expertise strategy, product technology pioneering strategy, and pioneering strategy in 

applying new technologies. Organizations need to improve "technology development leadership." There 

are two ways to design a successful model for technology development and commercialization. First, 

reviewing and analyzing the behavioral models and implementation of successful technologies 

developed and commercialized and modeling them, and second, recognizing the process of technology 

development and commercialization and systematically reviewing its literature to formulate the 

technology development process. "Developing a vision and strategy for technological innovation" is the 

next priority for improvement. For this purpose, the organization can formulate a vision and strategy in 

the areas of strategic innovation in the market, strategic innovation in the product, strategic innovation 

in organizational processes, strategic innovation in organizational structure, strategic innovation in 

human resource development, strategic innovation in customer relations and strategic creation of 

organizational plan and action. "Identifying internal strengths and weaknesses and external opportunities 

and threats of technology" is of secondary importance. In the next priority, special attention should be 

paid to the "performance-based technology support" index and creating well-codified monitoring 

programs. 

The next priority is the "product technology capability" index. In this section, manufacturing companies 

are suggested to pay special attention to the "implementation and application of technology." For this 

purpose, six tools of patent analysis, portfolio management, roadmap development, S curve, port stage, 

and value analysis can be used to create, implement, and apply technology within the organization. In 

the "supplier technology and supply chain" field, there is a need to focus on the "technology transfer 

and development" sub-index. Technology transfer and development can be considered the process of 

using existing technologies to create innovations and new products. Transferring scientific and technical 

findings from one organization to another promotes the level of development and commercialization. 

Applying an organized and orderly procedure for technology transfer and development transforms this 

process from a rare and random event into a structured one. This can bring significant value to emerging 

industries, especially in critical technologies. To achieve this value, it is necessary to fully understand the 

technology transfer process and apply it properly in the organization. The "capabilities of the 

organization" criterion should develop specialized programs for "technology monitoring." 

At the beginning of the research, after reviewing the literature and identifying technology capability 

indicators through content validity, the indicators extracted by selected experts in the automotive 

industry supply chain field were approved. Data analysis was performed using Excel software, and the 

priority of the main variables was determined as follows: 

Similarly, the sub-indices related to the main variables were also prioritized in the following order: 

 Strategic technology capability: leading technology development; developing a vision and strategy for 

technology innovation; identifying internal strengths and weaknesses and external technological opportunities 

and threats; technology-based performance support. 

 Product technology capability: implementation and application of technology; update and use of technology; 

save money; technology creation and transfer. 

 Technology suppliers and supply chain: technology transfer and development; acceptance of new technologies; 

the extent of technology knowledge absorption; operational effectiveness; improving logistical efficiency. 

 Tools and skills: using new production machines and tools; proper organization and management in the 

direction of technology; examining the limitations in using technology; improving human resource skills and 

experiences; increasing the amount of information and technical knowledge. 

 Organizational capabilities: technology supervision; reproduction and expansion of technology; maintenance of 

existing technology; adaptation and improvement of technology; capability and technology updates. 

 Investment capability: optimal capital allocation; allocate a share of revenue to research and development; 

purchase of intangible technology such as licenses and patents; adequate purchase of tangible technology such 

as equipment and machinery. 
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 Process technology capability: process efficiency by technology; compliance of production with engineering 

specifications; improving service delivery by technology; reducing process time; reducing operating costs. 

 The capability of core and support activities: infrastructure development; improving the human resource 

management system; supporting technology development; procurement and supply of technology needs; financing 

for technology development. 

During the research period, researchers encountered several limitations, including limitations related to the 

research design, such as the impossibility of identifying all the factors influencing the research design, and 

limitations and lack of similar research that directly addresses the research topic, as well as constraints 

related to the effectiveness of research due to conducting research in the automotive industry and its 

specific community, which can limit the generalizability of the findings. It also mentioned the limitations 

of statistical research methods, such as weaknesses in research tools (for example, the fuzzy hierarchical 

analysis method has limitations and disadvantages) and the lack of cooperation of some people to complete 

the questionnaire. 
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