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ABSTRACT

Regarding the high demands of auto parts manufacturers to utilize new technologies to develop and grow competitiveness and produce products in the market, there is an urgent need for successful technology transfer to the company. In this regard, a suitable model for appropriate transfer of technology and technical knowledge is required to succeed and be effective to facilitate the maximum adaptation between the demand and operational dimensions in this industry. In this study, a model is proposed to evaluate the success of technology and technical knowledge transfer in auto parts manufacturers. To this end, the factors affecting the success of technology transfer were first collected according to previous studies. An exploratory factor analysis questionnaire was developed to classify and screen these factors in the form of a conceptual model. In the study, 361 personnel and experts from auto parts manufacturers participated, and Cronbach's alpha coefficient >0.7 was set to measure the reliability of the questionnaires. Finally, an exploratory factor analysis method was used to develop the model. Afterward, according to the proposed model, a confirmatory factor analysis questionnaire was prepared and filled in by the same statistical population, who were working in auto parts manufacturers. After examining the normality of the sample and the reliability of the questionnaire, structural equations were designed in the form of confirmation structures for the model. Exploratory factor analysis was also used to confirm and test the model. The findings indicated that organizational index, adaptability, and technology utilization and absorption had the most significant impacts on the success of technology transfer, respectively.
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OBJECTIVE AND METHODOLOGY
The purpose of this study is to propose a model to evaluate the success of technology and technical knowledge transfer in auto parts manufacturers. To this end, the factors affecting the success of technology transfer were first collected according to previous studies, and then an exploratory factor analysis questionnaire was developed to classify and screen these factors in the form of a conceptual model.

RESULTS
It was indicated that organizational index, adaptability, and technology utilization and absorption had the greatest impacts on the success of technology transfer, respectively.

LIMITATIONS
In this study country limits the results, therefore analysis sets the basis for further research in other countries.

PRACTICAL IMPLICATION
The study provides insight to shape the direction of both future theoretical and empirical studies on inter-firm technology transfer.

1. INTRODUCTION

Most of companies with superior performance in competition with other companies owe much of their success to innovative activities, which are mostly technology-based. Nowadays, the key to creating a competitive advantage is to create products, processes, and resource services, whose emergence is dependent upon technology. On the other hand, evolution is an accelerating factor making each business carefully and consciously monitor changes, even goes beyond and extend the capability to move and progress in line with the changes. This requires decision-making power in a variety of situations. Today's world is intertwined with major advances in different phenomena caused by scientific and technological advances. Technology is one of the main factors affecting the production of goods and services (de Moraes et al., 2010). Accordingly, it is of paramount importance to use and transfer new technologies in order to increase competitiveness in the market. Technology transfer in the automobile industry is defined as follows: when several forms of technology, materials, or equipment are transferred from an external party such as a person or organization to a local part such as a person or organization to receive it, technology transfer is achieved (Secundo et al., 2017). A key in technology transfer management is the environment, in which the interaction between the external technology provider and the hosting industry is formed and influences the success of the technology transfer process. The gap between the external environment and the host has impacts on the efficiency of internal communications and the total effectiveness of the technology transfer process. The previous international experience in international operations would be helpful to the host to gather relevant information from a variety of sources and to manage communications and conflicts during the technology transfer process. Furthermore, macroeconomic issues, including political, economic, and managerial stability and extensive international relations are some factors having a significant impact on the technology transfer success (Rjoub et al., 2017). One of the main dimensions of technology transfer in any field of industry or society is the level of development and adaptability to sustainable development, which should be concerned with the technology transfer processes in each field (Stepanova, 2020).

In Iran, there is no suitable environment for effective and efficient technology transfer in auto parts manufacturing industry. There are many restrictions on communication with international companies and technology owners in the international arena, and it practically seems impossible to transfer technology from these companies to the parts manufacturing industry. The internal environment is also inappropriate due to extensive managerial changes. Moreover, the changes in the external environment of the auto parts manufacturing industry (political, social, and economic environment) have made effective technology transfer and development still be in the early life stages in this industry. In general, with evaluating different dimensions of the conceptual model, it can be concluded that the main effectiveness factors of the technology transfer process in the manufacturing industry and its environment are not efficient enough, and the aforementioned challenges must be addressed to develop technology and promote the effectiveness of these processes; hence, there is a greater need for technology transfer evaluation in the auto parts manufacturers. To this end, this research compared and assessed different auto parts manufacturers. The development of a model to evaluate the technology and knowledge transfer process in the auto parts manufacturers concerning the existing standards and protocols would play a critical role in detecting the existing weaknesses and problems and adopting some measures to solve them. The main research questions of the study were thus posed as follows:

Question 1: What factors affect the technology and technical knowledge transfer in auto parts manufacturers?

Question 2: How is developing of an exploratory model for technology and technical knowledge transfer in auto parts manufacturers?

Question 3: What structural equations are approved and created for technology and technical knowledge transfer in auto parts manufacturers?

2. LITERATURE REVIEW

In this section, the relevant literature is examined to extract effective factors from previous research. As such, the influential factors in this field were identified, according to which analytical and statistical processes could be developed. This section analyzes the content of previous studies in this field.

Regarding the process of practical innovation and technology transfer in the agricultural sector, Kalaitzandonakes et al. (2018) stated that the extent of innovation in a company’s research ideas, development, and capability is of paramount importance in causing innovation in the process as such the more successful the agricultural companies are in providing efficient innovation, the better their technology transfer would be. According to Park et al. (2018), one should consider the compatibility of technology with the existing infrastructure and the company’s effective performance in acquiring technology to examine the solutions to transfer and absorb the results of research and development processes in the development and transfer of information technologies. In this process, the success and effectiveness of research and development results to be implemented are also of great significance. As Klempin et al. (2018) mentioned, the adaptation to an organization’s research and development (R&D) integration, the level of technology acceptance in the organization, and the company's integrity should be evaluated to direct the technological changes in the process of technology absorption and modification used in colleges and have extensive access to technology dimensions. Furthermore, the promotion of technology implementation and transfer should improve the technological capabilities by developing appropriate solutions to increase the capability to respond to organizational structure in line with the leadership needs of technological changes in colleges. Hill (2018) noted that it is necessary to consider the adaptation of technology with organizational knowledge, the implementation of the existing experiences, and the organization's awareness of essential technologies in the relevant industry in the technology selection and absorption process to effectively learn and teach technology in knowledge enterprises and companies. The ability to change rapidly for new targets, the compatibility of technology with the operational requirements of the industry, and the intensity of cooperation with the R&D centers are of paramount importance in the agricultural technology transfer. According to Alem and Broussard (2018), maintaining the safety of the technology absorption and acceptance process in the organization should be concerned as such, it is necessary to develop effective mechanisms in the context of information technology by improving the company's understanding of opportunities to use new technologies and increasing its capability to plan and control operations in order to solve problems and manage unwanted changes in the organization.

Secundo et al. (2017) noted that increasing access and use of communication technology as well as managing intellectual capital to improve competition in the university environment as well as producing a knowledge and technology database by the university could mediate the technology transfer process and play a critical role in the strategic development of this process. Sangaiah et al. (2017) stated that the desired infrastructure for proper implementation of technology should be considered to evaluate the effectiveness of technology transfer. Furthermore, training a technology team to develop technology is one of the prerequisites to increase the capability to absorb technology. To this end, the process needs to be monitored by software and hardware experts. According to Liguori et al. (2017), despite the obstacles and problems regarding the evaluation process of medical technology transfer, interdisciplinary sciences in this regard should be used in order to evaluate its multidimensionality. As such, it should be more economical and also develop human resources from an organizational perspective. According to Del Giudice et al. (2017), the need for an increase in independent capabilities to create technology as well as a culture supporting innovation is more highlighted in increasing the effectiveness of the knowledge and technology transfer process in the international arena and adopting proper attitudes toward the future of technology. Accordingly, the organizations should promote the culture of innovation in the organization and increase independent capabilities in creating technology to reach an appropriate understanding of the technology to transfer and absorb the right technology in the organization. Garner et al. (2017) concluded that technology transfer is essential to test strategic plans and facilitate support implementation to strengthen the strategic infrastructure. It increases the organization's capability to have innovations in the technological absorption process and the company's capability to provide superior innovation in the organization, thereby enhancing the organization’s performance and capability to respond to changes and pressures in the organization’s external environment. Battaglia et al. (2017) found out that the organization’s knowledge management structure, the organization's capability to innovate in the technological absorption process, and flexibility against product changes, processes, and future needs of the organization should be considered to provide effective technology absorption in the organization using the results of academic research and development. According to Van Horne et al. (2017), the organization's capability to implement and absorb technology and the company's knowledge and awareness of various aspects of technology in the technology transfer and absorption process should be considered to provide appropriate management of technology transfer challenges and develop a proper perspective. Cartaxo and Godinho (2017) stated that operating costs (installation and set-up) and the organization’s awareness of technological weaknesses in the technology transfer process are of great importance to manage the performance of the institutional nature of the existing resources. Zhang et al. (2019) argued that new mechanisms to use and attract technology and the company's capability to provide superior innovations in the organization are required in order to organize the transfer of new technology and innovations by the value chain management in Chinese companies. It was also stated that return of investment, cost of training human resources, capability to solve problems, predictable repairs, preventive measures are of paramount significance to transfer technology in European organizations effectively. As Bozeman et al. (2015) mentioned, one should consider the investment cost for the development and localization and the cost of absorbing the hardware and software dimensions in the organization to accelerate the process of technology absorption from the results of technology transfer research in the organization. O’kane et al. (2015) argued that the successful management of the transfer process of the results from academic research activities and creating of a common identity in the technology transfer process and its absorption in the organization requires the capability to share knowledge, human resource capability, and organizational policy. From the viewpoint of Weckowska (2015), effective teaching in the process of implementing technology transfer from universities and their commercialization process as well as the establishment of business relationships in the research process, needs to examine the market segmentation and the capability to organize technology absorption activities in the organization.

In this regard, the aforementioned indices and sub-indices noted in studies conducted in Iran and other countries were extracted from previous studies and then classified using the exploratory factor analysis method. To this end, a questionnaire was developed based on factors extracted from previous studies. Finally, given that this study was to explore factors affecting the success of technology transfer, a model was developed based on previous studies using the exploratory factor analysis method. Table 1 shows summary of literature review about the extracted factors explaining technology transfer strategies.


Table 1. Extracted factors explaining technology transfer strategies




	No.

	Extracted factors

	Reference

	No.

	Extracted factors

	Reference






	1

	Organization’s awareness of important technologies in relevant industry

	(Hill, 2018), (Klempin & Karp, 2018)

	19

	Organization's capability to have innovation in technological absorption process

	(Battaglia et al., 2017), (Kalaitzandonakes et al., 2018), (Cinar et al., 2021)




	2

	Organization's capability to implement and absorb technology

	(Van Horne & Dutot, 2017), (Audretsch et al., 2016), (da Silva et al., 2021)

	20

	Innovation of R&D ideas

	(Kalaitzandonakes et al., 2018), (Hill, 2018), (Cinar et al., 2021)




	3

	Operating Cost (Installation and set-up)

	(Cartaxo & Godinho, 2017)

	21

	Company's access to technology implementation and transfer services

	(Klempin & Karp, 2018), (Park et al., 2018), (Weckowska, 2015)




	4

	Capability of quick change to reach new goals

	(Koutsouris, 2018), (Kalaitzandonakes et al., 2018)

	22

	Investment costs for development and localization

	(Bozeman et al., 2015), (Klempin & Karp, 2018)




	5

	Human resource capability

	(O’kane et al., 2015), (Koutsouris, 2018)

	23

	Flexibility to product changes, processes, and future needs

	(Battaglia et al., 2017), (Koutsouris, 2018)




	6

	Organization’s knowledge management structure

	(Battaglia et al., 2017), (Alem & Broussard, 2018)

	24

	Technology acceptance in organization

	(Klempin & Karp, 2018), (Hill, 2018), (O’kane et al., 2015)




	7

	Organization’s awareness of existing technological weaknesses

	(Cartaxo & Godinho, 2017), (Klempin & Karp, 2018), (da Silva et al., 2021)

	25

	Cost of absorbing hardware and software dimensions

	(Bozeman et al., 2015), (Weckowska, 2015)




	8

	Capability to plan and control operations

	(Alem & Broussard, 2018), (O’kane et al., 2015)

	26

	Adaptation with organization’s r&d integration

	(Klempin & Karp, 2018), (Audretsch et al., 2016)




	9

	Capability to share knowledge

	(O’kane et al., 2015), (Koutsouris, 2018), (Sutopo et al., 2022)

	27

	Company's capability to provide innovation in process

	(Kalaitzandonakes et al., 2018), (Hill, 2018), (da Silva et al., 2021)




	10

	Adapting technology to organizational knowledge and applying existing experiences

	(Hill, 2018), (Klempin & Karp, 2018), (Mohammadi et al., 2021)

	28

	Existence of new mechanisms to use and absorb technology

	(Zhang et al., 2019), (Weckowska, 2015), (Shmeleva et al., 2021),(Mohammadi et al., 2021)




	11

	Company's understanding of opportunities to use new technologies

	(Alem & Broussard, 2018), (Park et al., 2018)

	29

	Company's capability to deliver superior innovations

	(Zhang et al., 2019), (Park et al., 2018)




	12

	Capability to fix problems, predictable and preventive repairs and breakdowns

	(Audretsch et al., 2016), (Kalaitzandonakes et al., 2018)

	30

	Compatibility of technology with industry’s operational requirements

	(Koutsouris, 2018),(Weckowska, 2015), (Hill, 2018)




	13

	Independent capability to create technology

	(Del Giudice et al., 2017), (Kalaitzandonakes et al., 2018)

	31

	Return on investment

	(Audretsch et al., 2016), (Kalaitzandonakes et al., 2018)




	14

	Investigating how to segment the market

	(Weckowska, 2015), (Hill, 2018)

	32

	Organizational policy

	(O’kane et al., 2015), (Audretsch et al., 2016),(Hill, 2018)




	15

	Organization’s Knowledge and Awareness of Different Technology Dimensions

	(Van Horne & Dutot, 2017), (Hill, 2018)

	33

	Extent of cooperation with R&D centers

	(Koutsouris, 2018), (Hill, 2018), (Liu et al., 2021)




	16

	Adaptability of technology to the existing infrastructure

	(Park et al., 2018), (Koutsouris, 2018)

	34

	Capability to organize technology acquisition activities

	(Weckowska, 2015), (Park et al., 2018)




	17

	Human resource training cost

	(Audretsch et al., 2016), (Hill, 2018)

	35

	Company’s effective performance in acquiring technology

	(Park et al., 2018), (O’kane et al., 2015), (Terán-Bustamante et al., 2021)




	18

	Culture of supporting innovation in organizations

	(O’kane et al., 2015)

	 








Some effective and relevant factors were extracted from previous studies in this field, based on which the research analysis process as well as the development of the questionnaire and statistical analysis were conducted. One of the unique features of this study is the utilization of exploratory factor analysis to develop a model, as an integrated model in the auto parts industry according to the opinions of other researchers and theories in this field. The researcher was to determine the effectiveness of each component in this model.

3. MATERIALS AND METHOD

This study was an applied survey. After detecting and extracting effective factors from previous studies, a questionnaire was prepared using factor analysis and exploratory factor analysis. The questionnaire was filled in by 361 experts and analyzed using SPSS software. Finally, 14 experts determined the names of the indices according to the experimental commonalities among the sub-indices. Given the small statistical population, all individuals were included in the study; hence, no sampling method was adopted. The experts hold bachelor's, master's, and Ph.D. degrees with at least three years of work experience. The Likert scale was used to score the questionnaire. We used Cronbach's alpha coefficient to determine the reliability and exploratory factor analysis to analyze the data.

4. RESULT AND DISCUSSION

In this study, exploratory factor analysis was used to detect and explore the main dimensions or structures of the research data as well as effective factors and to describe the explanatory power of variance for these factors and their priority with in terms of their effects on the success of technology transfer. The steps taken to perform this study were as follows: Factor analysis is one of the data reduction techniques, which converts a large number of variables into smaller sets of essential factors as such it summarizes the available and necessary information in the variables in the whole structure of the variables, i.e., exploratory factor analysis. However, confirmatory factor analysis must be used to test a theory for the structure of a set of variables in a particular scientific field. Since the Cronbach's alpha coefficient was estimated to be 0.738, the reliability of the questionnaire was accepted; therefore, the exploratory factor analysis steps can be continued.

As Table 2 shows, items 4, 8, 9, 20, 27, 29, and 33 should be deleted due to asymmetry and non-normal distribution.


Table 2. Skewness and kurtosis of relationships among variables




	NO.

	Variables

	No.

	Min.

	Max.

	Skewness

	Kurtosis




	Values

	SD

	Values

	SD






	1

	Organization’s awareness of important technologies in relevant industry

	361

	1

	5

	-0. 377

	0. 174

	2. 49

	0. 428




	2

	organization's capability to implement and absorb technology

	361

	1

	5

	-0. 119

	0. 174

	-1. 188

	0. 428




	3

	Operating cost (installation and set-up)

	361

	1

	5

	-0. 525

	0. 174

	-1. 077

	0. 428




	4

	capability of quick change to reach new goals

	361

	1

	5

	-1. 23

	0. 174

	-1. 264

	0. 428




	5

	Human resource capability

	361

	1

	5

	-0. 912

	0. 174

	-1. 354

	0. 428




	6

	Organization’s knowledge management structure

	361

	1

	5

	-0. 177

	0. 174

	-1. 259

	0. 428




	7

	Organization’s awareness of existing technological weaknesses

	361

	1

	5

	-0. 91

	0. 174

	-1. 287

	0. 428




	8

	capability to plan and control operations

	361

	1

	5

	-1. 565

	0. 174

	3. 964

	0. 428




	9

	capability to share knowledge

	361

	1

	5

	-1. 475

	0. 174

	2. 053

	0. 428




	10

	Adapting technology to organizational knowledge and applying existing experiences

	361

	1

	5

	0. 174

	0. 174

	-0. 926

	0. 428




	11

	Company's understanding of opportunities to use new technologies

	361

	1

	5

	-0. 186

	0. 174

	-0. 821

	0. 428




	12

	capability to fix problems, predictable and preventive repairs and breakdowns

	361

	1

	5

	-0. 456

	0. 174

	-0. 657

	0. 428




	13

	Independent capability to create technology

	361

	1

	5

	-0. 115

	0. 174

	-1. 061

	0. 428




	14

	Investigating how to segment the market

	361

	1

	5

	0. 159

	0. 174

	-1. 149

	0. 428




	15

	Organization’s knowledge and awareness of different technology dimensions

	361

	1

	5

	0. 056

	0. 174

	-0. 988

	0. 428




	16

	adaptability of technology to the existing infrastructure

	361

	1

	5

	-0. 204

	0. 174

	-1. 065

	0. 428




	17

	human resource training cost

	361

	1

	5

	-0. 331

	0. 174

	1. 691

	0. 428




	18

	Culture of supporting innovation in organizations

	361

	1

	5

	-0. 273

	0. 174

	-0. 27

	0. 428




	19

	Organization's capability to have innovation in technological absorption process

	361

	1

	5

	-0. 476

	0. 174

	-0. 742

	0. 428




	20

	Innovation of R &D ideas

	361

	1

	5

	-1. 341

	0. 174

	-0. 87

	0. 428




	21

	Company's access to technology implementation and transfer services

	361

	1

	5

	-0. 685

	0. 174

	3. 96

	0. 428




	22

	Investment costs for development and localization

	361

	1

	5

	-0. 647

	0. 174

	2. 922

	0. 428




	23

	Flexibility to product changes, processes, and future needs

	361

	1

	5

	-0. 237

	0. 174

	-1. 253

	0. 428




	24

	Technology acceptance in organization

	361

	1

	5

	-0. 818

	0. 174

	-0. 8

	0. 428




	25

	Cost of absorbing hardware and software dimensions

	361

	1

	5

	-0. 286

	0. 174

	0. 174

	0. 428




	26

	Adaptation with organization’s R&D integration

	361

	3

	5

	-0. 528

	0. 174

	-0. 694

	0. 428




	27

	Company's capability to provide innovation in process

	361

	1

	5

	-1. 807

	0. 174

	3. 909

	0. 428




	28

	Existence of new mechanisms to use and absorb technology

	361

	1

	5

	-0. 83

	0. 174

	-0. 27

	0. 428




	29

	Company's capability to deliver superior innovations

	361

	1

	5

	-1. 59

	0. 174

	-0. 742

	0. 428




	30

	Compatibility of technology with industry’s operational requirements

	361

	1

	5

	-0. 685

	0. 174

	3. 968

	0. 428




	31

	Return on investment

	361

	1

	5

	-0. 647

	0. 174

	2. 955

	0. 428




	32

	Organizational policy

	361

	1

	5

	-0. 237

	0. 174

	-1. 399

	0. 428




	33

	Extent of cooperation with R&D centers

	361

	1

	5

	-1. 932

	0. 174

	-0. 694

	0. 428




	34

	Capability to organize technology acquisition activities

	361

	1

	5

	-0. 632

	0. 174

	-0. 586

	0. 428




	35

	Company’s effective performance in acquiring technology

	361

	1

	5

	-0. 899

	0. 174

	0. 319

	0. 428








Furthermore, the maximum and minimum mean values belong to organization's awareness of essential technologies in a relevant industry (4.902) and return on investment (2.331). Moreover, the compatibility of technology with the industry’s operational requirements has the largest standard deviation (1.260), and the Cost of absorbing hardware and software dimensions has the smallest standard deviation (0.176).

4.1. Reliability and adequacy of sampling

After deleting the asymmetric factors with non-normal distribution, Cronbach's alpha coefficient was used to calculate the reliability of the exploratory factor analysis questionnaire (Table 3).


Table 3. Cronbach's alpha coefficient




	Cronbach's alpha coefficients

	Number of items






	738/0

	28








In the first step, KMO was calculated. The closer KMO is to one, the better it is. According to Bartlett's test for Sphericity, since the value (SIG = 0.046) is <5%, the data can be classified based on factors (Table 4).


Table 4. Sampling adequacy of KMO and Bartlett's test for Sphericity




	KMO

	681/0






	Bartlett's test for Sphericity

	X2

	348.3961




	Df

	281




	Sig.

	046/0








According to what was mentioned and regarding the values obtained for the KMO index (0.681) and the significance level of 0.046 in Bartlett's test for Sphericity, the questionnaire items meet the necessary conditions to perform exploratory factor analysis. To determine how much variance is explained by the factors, the total variance explained by the factor analysis was used, which are summarized in Table 5.


Table 5. Commonalities among research subjects in terms of technology transfer success




	NO.

	Variables

	Commonalities

	NO.

	Variables

	Commonalities






	x1

	Organization’s awareness of important technologies in relevant industry

	0.738

	x19

	Organization's capability to have innovation in technological absorption process

	0.749




	x2

	Organization's capability to implement and absorb technology

	0.650

	x21

	 Company's access to technology implementation and transfer services

	0.544




	x3

	Operating cost (installation and set-up)

	0.646

	x22

	Investment costs for development and localization

	0.664




	x5

	Capability of quick change to reach new goals

	0.769

	x23

	Flexibility to product changes, processes, and future needs

	0.569




	x6

	Human resource capability

	0.598

	x24

	Technology acceptance in organization

	0.801




	x7

	Organization’s knowledge management structure

	0.756

	x25

	Cost of absorbing hardware and software dimensions

	0.664




	x10

	Organization’s awareness of existing technological weaknesses

	0.776

	x26

	Adaptation with organization’s R&D integration

	0.569




	x11

	Capability to plan and control operations

	0.813

	x28

	Existence of new mechanisms to use and absorb technology

	0.801




	x12

	Capability to share knowledge

	0.682

	x30

	Compatibility of technology with industry’s operational requirements

	0.801




	x13

	Adapting technology to organizational knowledge and applying existing experiences

	0.641

	x31

	Return on investment

	0.544




	x14

	Company's understanding of opportunities to use new technologies

	0.775

	x32

	Organizational policy

	0.664




	x15

	Capability to fix problems, predictable and preventive repairs and breakdowns

	0.729

	x34

	Capability to organize technology acquisition activities

	0.569




	x16

	Independent capability to create technology

	0.596

	x35

	Company’s effective performance in acquiring technology

	0.801




	x17

	Investigating how to segment the market

	0.625

	x19

	Organization's capability to have innovation in technological absorption process

	0.749








Figure 1 shows scree plot and will be used to select the number of factors to use based on the size of the eigenvalues. The eigenvalues on the diagram are presented in a descending order, which is called the “pebble slope”, since the curve reflects a range of pebbles compiled at the foot of a steep hill slope. The point between the deep and shallow parts is selected (vertical axis = eigenvalue and horizontal axis = number of factors). It is assumed that all the factors on the right are errors. The larger the eigenvalues are, the more meaningful the common factor is. Accordingly, the steep chart facilitates the identification of eligible common factors to hold the factors. The slope of the curve, however, disappears after the seventh factor. In other words, the flat graph starts from the sixth factor.


[image: ]

Figure 1. Scree diagram


Regarding the scope limitations, we removed the external commonalities, factors sensitive to asymmetry, and factors whose absolute value of asymmetry was greater than one. As such, the number of items was reduced from 35 to 28. In the stage of grouping and rotating the factors (Table 6), considering that factor 14 was only in one group, it was eliminated; hence, 27 sub-indices remained. After detecting and classifying the factors in the groups, the groups (indices) were named according to the experimental commonalities and the experts’ opinions.


Table 6. Matrix of rotated factor structure with six factors




	No.

	No.

	Variable

	Factors




	1

	2

	3

	4

	5

	6






	1

	x1

	Organization’s awareness of important technologies in relevant industry

	0.526

	 

	 

	 

	 

	0.362




	2

	x2

	organization's capability to implement and absorb technology

	 

	0.472

	 

	 

	0.259

	 




	3

	x3

	Operating cost (installation and set-up)

	 

	 

	0.582

	 

	 

	 




	4

	x5

	Human resource capability

	 

	0.363

	 

	0.696

	 

	 




	5

	x6

	Organization’s knowledge management structure

	 

	 

	 

	0.556

	 

	 




	6

	x7

	Organization’s awareness of existing technological weaknesses

	0.533

	 

	 

	 

	0.265

	 




	7

	x10

	Adapting technology to organizational knowledge and applying existing experiences

	 

	 

	 

	 

	0.589

	 




	8

	x11

	Company's understanding of opportunities to use new technologies

	0.646

	 

	 

	 

	 

	 




	9

	x12

	capability to fix problems, predictable and preventive repairs and breakdowns

	 

	 

	0.355

	 

	 

	0.712




	10

	x13

	Independent capability to create technology

	 

	 

	 

	 

	 

	0.505




	11

	x15

	Organization’s knowledge and awareness of different technology dimensions

	0.701

	 

	 

	 

	 

	 




	12

	x16

	adaptability of technology to the existing infrastructure

	 

	 

	 

	 

	0.374

	 




	13

	x17

	human resource training cost

	 

	 

	0.567

	 

	 

	0.256




	14

	x18

	Culture of supporting innovation in organizations

	 

	 

	 

	0.713

	 

	 




	15

	x19

	Organization's capability to have innovation in technological absorption process

	 

	0.546

	 

	 

	 

	 




	16

	x21

	 Company's access to technology implementation and transfer services

	 

	 

	 

	 

	 

	0.592




	17

	x22

	Investment costs for development and localization

	 

	 

	0.694

	 

	 

	 




	18

	x23

	Flexibility to product changes, processes, and future needs

	 

	0.468

	 

	 

	0.542

	 




	19

	x24

	Technology acceptance in organization

	 

	 

	 

	0.758

	 

	 




	20

	x25

	Cost of absorbing hardware and software dimensions

	 

	 

	0.746

	 

	0.522

	 




	21

	x26

	Adaptation with organization’s R&D integration

	 

	0.385

	 

	 

	0.594

	 




	22

	x28

	Existence of new mechanisms to use and absorb technology

	 

	0.478

	0.222

	 

	 

	 




	23

	x30

	Compatibility of technology with industry’s operational requirements

	 

	 

	 

	 

	0.658

	 




	24

	x31

	Return on investment

	 

	 

	0.552

	 

	 

	 




	25

	x32

	Organizational policy

	 

	 

	 

	0.657

	 

	 




	26

	x34

	Capability to organize technology acquisition activities

	 

	0.433

	 

	 

	0.258

	 




	27

	x35

	Company’s effective performance in acquiring technology

	 

	 

	 

	 

	 

	0.642








After detecting the factors belonging to each other experimentally, one should deduce the conceptual commonality from the experimental sharing of variables loaded on a specific factor. The factors extracted from the research literature were named as follows, according to the questions and the loading value of the factors from the viewpoint of the research experts (Table 7).


Table 7. Factors, items, and factor loads of items representing factors affecting the success of technology and technical knowledge transfer in auto parts companies




	NO.

	Indices

	No.

	Variables

	Factors






	1

	Technology awareness

	x1

	Organization’s awareness of important technologies in relevant industry

	0.526




	2

	x7

	Organization’s awareness of existing technological weaknesses

	0.533




	3

	x11

	Company's understanding of opportunities to use new technologies

	0.646




	4

	x15

	Organization’s knowledge and awareness of different technology dimensions

	0.701




	5

	technology utilization and absorption

	x2

	organization's capability to implement and absorb technology

	0.472




	6

	x19

	Organization's capability to have innovation in technological absorption process

	0.546




	7

	x28

	Existence of new mechanisms to use and absorb technology

	0.478




	8

	x34

	Capability to organize technology acquisition activities

	0.433




	9

	Financial index

	x3

	Operating cost (installation and set-up)

	0.582




	10

	x17

	Human resource training cost

	0.567




	11

	x22

	Investment costs for development and localization

	0.694




	12

	x25

	Cost of absorbing hardware and software dimensions

	0.746




	13

	x31

	Return on investment

	0.552




	14

	Organizational index

	x5

	Human resource capability

	0.696




	15

	x6

	Organization’s knowledge management structure

	0.556




	16

	x18

	Culture of supporting innovation in organizations

	0.713




	17

	x24

	Technology acceptance in organization

	0.758




	18

	x32

	Organizational policy

	0.657




	19

	Adaptability index

	x10

	Adapting technology to organizational knowledge and applying existing experiences

	0.589




	20

	x16

	Adaptability of technology to the existing infrastructure

	0.374




	21

	x23

	Flexibility to product changes, processes, and future needs

	0.542




	22

	x26

	Adaptation with organization’s R&D integration

	0.594




	23

	x30

	Compatibility of technology with industry’s operational requirements

	0.658




	23

	Technology acquisition

	x12

	Capability to fix problems, predictable and preventive repairs and breakdowns

	0.712




	24

	x13

	Independent capability to create technology

	0.505




	25

	x21

	Company's access to technology implementation and transfer services

	0.592




	27

	x35

	Company’s effective performance in acquiring technology

	0.642








According to the results, six factors affecting the success of technology and technical knowledge transfer in the auto parts companies are: technology awareness with four sub-indices, technology utilization and absorption with four sub-indices, financial index with five sub-indices, organizational index with five s sub-indices, adaptability index with five sub-indices, and technology acquisition with four sub-indices.

4.2. Central tendency and dispersion of the main research dimensions

Table 8 presents the indices calculated for the scores given by the respondents to the questionnaire items.


Table 8. Central tendency and dispersion of research variables




	No.

	Research variables

	N

	missing

	mean

	Standard error

	Median

	Min.

	Max.

	mode






	1

	Technology awareness

	361

	0

	17

	3.0157

	16

	4

	20

	17




	2

	Technology utilization and absorption

	361

	0

	15

	2.8495

	13

	4

	20

	14




	3

	Financial index

	361

	0

	23

	3.5189

	21

	5

	25

	22




	4

	Organizational index

	361

	0

	19

	4.1248

	17

	5

	25

	18




	5

	Adaptability index

	361

	0

	21

	3.8481

	19

	5

	25

	17




	6

	Technology acquisition

	361

	0

	18

	2.3458

	15

	4

	20

	17




	7

	Successful transfer of technology and technical knowledge

	361

	0

	113

	19.7028

	101

	27

	135

	105








4.3. Inferential statistics

In analytical research, the researcher examines, discusses, and comments on using reasoning and argumentation, analysis, comparison, and comparative methods to accept or reject a theory. Moreover, the aspects and dimensions of the theory are clarified by reasoning and using logic. In this regard, parametric and non-parametric statistics to confirm or reject the research hypotheses are used as inferential statistics.

4.4. Kolmogorov–Smirnov test (K–S test)

To choose the right statistical test for data analysis, the statistical distribution of the tested research variables should be confirmed. In this regard, one of the prerequisites of parametric tests is the normality of the statistical distribution of data. The results of the normality test are presented in Table 9.


Table 9. Normality test of statistical population using K–S test




	No.

	Research variables

	K-S statistics

	Sig.

	Test result






	1

	Technology awareness

	0.059

	0.279

	Normal




	2

	Technology utilization and absorption

	0.068

	0.198

	Normal




	3

	Financial index

	0.059

	0.096

	Normal




	4

	Organizational index

	0.118

	0.257

	Normal




	5

	Adaptability index

	0.079

	0.249

	Normal




	6

	Technology acquisition

	0.082

	0.182

	Normal




	7

	Successful transfer of technology and technical knowledge

	0.056

	0.393

	Normal








Since the mean value of the K-S test for all the variables is >0.05, the distribution of all the variables is normal.

4.5. Structural equations

LISREL software was used to estimate the structural equations of the components. In this regard, the following indices should be examined to measure the fit:

χ2/df: It is an index representing the appropriateness of matching and adjusting the model with the sample size. The index value should be <3.

RMESA: It is called the root-mean-square deviation as such it should be as small as possible and close to zero to better fit the model. According to some sources, the index value should be <0.08. RMR: It is the root mean square residual. As such, it should be as small as possible and close to zero to better fit the model. According to some sources, the index value should be <0.08. AGFI, GFI, CFI, NFI, NNFI: There are various indices indicating the goodness of fit for the model and the closer they are to one, the better the model fits. The results of the analysis performed on each of the research structures are presented below. The results are shown for each structure in two parts:

1) Measurement model of each structure in a significant mode: in this case, the numbers of arrows drawn from the hidden variables to the observed variables show t-values. With 95% probability, values > 1.96 are significant and not removed from the model.

2) Measurement model of each structure in a standard mode: in this case, the numbers of arrows drawn from hidden variables to the observed variables are called factor loads indicating, the correlation of the mentioned variables. In other words, these numbers indicate what percentage of the variations in the observed variables is described by the latent variable.

Model fit indices: The values of the above indices are measured, and the goodness of fit for the model is estimated depending on the desired range for each index. Regarding the numbers on the arrow drawn in the path analysis diagrams of the model structures, it should be mentioned that, in the model measuring each structure in a standard mode, small arrows drawn from the outside to the observed variables are error sentences indicating what percentage of the variance in the observed variable is not explained by the latent variable. The error terms exhibit the existence of variables not included in the model. The bilateral arrow between the two variables shows the measurement error variance, suggesting that they have a common variance or are correlated. The measurement models for each of the research model structures are presented below.

4.6. Confirmatory Factor analysis of the structure ‘success of technology and technical knowledge transfer in auto parts manufacturers’

In this section, the results of confirmatory factor analysis for the structure "success of technology and technical knowledge transfer in auto parts manufacturers" are presented in the Figure 2 in terms of internal factors of the research model. In this survey, 27 questions were assigned to this structure. Figure 2 shows the results of the path diagram for the above structure. As it can be observed in this figure, the t-values for all the measurements of this structure are >1.96; hence, all paths are significant and there is no need to remove any of the variables from the model.


[image: ]

Figure 2. T-values and significance of relationships in the structure ‘success of technology and technical knowledge transfer in auto parts manufacturers’


Table 10 presents software output for the goodness of fit indices for the structure ‘success of technology and technical knowledge transfer in auto parts manufacturers’. According to this table, all the indices are at an acceptable level; thus, the model is well-fitted. Figure 3 shows the standard coefficients for the structure ‘success of technology and technical knowledge transfer in auto parts manufacturers’.


Table 10. Goodness of fit indices for the structure ‘success of technology and technical knowledge transfer in auto parts manufacturers’




	Index

	Estimated value

	Cutoff point

	Result






	χ2/df

	2.69915

	<3

	Confirmed




	RMSEA

	0.04615

	<0.08

	Confirmed




	RMR

	0.068

	<0.08

	Confirmed




	NFI

	0.97

	>0.9

	Confirmed




	AGFI

	0.92

	>0.9

	Confirmed




	GFI

	0.94

	>0.9

	Confirmed




	CFI

	0.97

	>0.9

	Confirmed




	NNFI

	0.96

	>0.9

	Confirmed
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Figure 3. Standard coefficients of the model for the structure ‘success of technology and technical knowledge transfer in auto parts manufacturers’


According to the results of structural equations, standard coefficients, and T values for the model ‘success of technology and technical knowledge transfer in auto parts manufacturers’, the organizational index has the greatest impact. Table 11 shows the effectiveness of the six main indices affecting the success of technology and technical knowledge transfer in auto parts companies with regard to their significance. As observed, the organizational component has the most significant effect due to the significance of technology by the organizational structure and framework as the main pillar in the technology transfer process. This finding was also confirmed by other researchers such as Hill (2018), Alem and Broussard (2018), and Del Giudice et al. (2017). Adaptability is another component with the second-largest impact due to the significance of adaptation between the selected technology and the structure accepting technology. This finding was in line with the findings by Stepanova (2020), Hill (2018), and Klempin and Karp (2018). The next important component is the financial index because the financial dimensions and costs in this regard as well as the comparison and examination of the relationship between exact costs and the budget, on the one hand, and its economic efficiency are pointed out by Bozeman et al. (2015), O’kane et al. (2015) and Zhang et al. (2019). Regarding the technology utilization and absorption index, it is essential to consider the significance of absorbing the technology transferred to the system so that it can be coordinated and integrated with other production elements in the best way, on the one hand, and to include the need to transfer its technical knowledge as an integral part of the production system. This issue was also noted by other researchers such as Zhang et al. (2019) and Weckowska (2015).


Table 11. Summarizing the results of structural equation modeling




	NO

	Research variables

	Standard coefficient

	T-value






	1

	Technology awareness

	0.86

	7.043




	2

	Technology utilization and absorption

	0.79

	6.79




	3

	Financial index

	0.74

	6.36




	4

	Organizational index

	0.68

	5.93




	5

	Adaptability index

	0.64

	5.53




	6

	Technology acquisition

	0.59

	5.08








5. CONCLUSION

The main factor of organizational index is the organization’s knowledge management structure. In other words, this factor indicates that if there is no knowledge management infrastructure in the organization, technology and technical knowledge transfer is not highly effective or changes after a while due to lack of registration and maintenance and use of documents. Regarding the adaptability index, the main factor is the adaptation of technology with organizational knowledge and the utilization of existing experiences. In other words, it indicates how the organization localizes the imported technology and technical knowledge and mixes them with the experiences existing in the organization to create more profit and success in the organization. Regarding of financial index with five factors, the two factors, namely cost of hardware and software absorption of hardness and softness dimensions and operating cost (installation and set-up), have the highest weights, respectively. The hardware and software costs in the financial sector are effective in using technology and technical knowledge so it is more concerned by most companies. Given the importance of these two factors, the priority of financial index raises to the level of organizational index, which causes failure in technology and technical knowledge transfer in auto parts companies. Regarding technology utilization and absorption, the main factor is the organization’s capability to create innovation in technological absorption. Innovation must be institutionalized in the organization to absorb technology in order to be a factor motivating the technological absorption process. In other words, innovations in the organization aim at guiding the organization's thoughts and knowledge towards creativity and innovation, and these two incentives of thinking and knowledge, and creativity and innovation enhance the opportunity to use and absorb technology, thereby enhancing the main goal of technology transfer and increasing technical knowledge in auto parts companies. In terms of technology acquisition index, the most effective factor is the independent capability to create technology. As the index name is considered as a confirmation factor, the organization needs the capability to transfer technology and technical knowledge in the company to acquire technology. And if the organization has grown enough to create technology, it will be successful in transferring and using such technology. The most influential factor of the technology awareness index is the company's understanding of the opportunities to use new technologies. Although this index usually should be at a higher priority, another factor that has a significant impact on this index (the company's understanding of the opportunities using new technologies) reveals that the auto parts companies have not been successful enough in transferring technology and technical knowledge due to their low understanding and disregarding the possibilities of using new technologies or continuing and insisting on old technologies. To increase the effectiveness and success of technology and technical knowledge transfer in auto parts manufacturing companies, it is necessary to create a single center to evaluate and measure the technology level and also to create a comprehensive network to increase cooperation among research units in research companies in order to enhance the effectiveness of technology transfer and to distribute it in other auto parts companies to improve their technology capability and to ultimately increase the quality and quantity of automobile industry products across the country.

Finally, given these indices and industry leaders’ attention to this model, acceptable steps should be taken for technology and technical knowledge transfer across organizations and companies to develop their collections and design a model for the other industries and companies. Future studies need to be carried out in order to examine the impact of the foreign direct investment risk on the success of technology and technical knowledge transfer in auto parts companies. Also, more research might explore the effect of technology absorption coefficient in the auto parts companies on the product development in the auto parts companies.
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