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Abstract The successful transfer of emerging technologies is a crucial enabler for strengthening
technological capabilities and competitiveness in the era of Industry 4.0. This study develops an
integrated framework for identifying and prioritizing the critical success factors (CSFs) that determine
the effectiveness of international technology transfer projects. Using a survey of 90 experts from
technology transfer facilitation firms, a combination of advanced decision-making techniques—
including Fuzzy Delphi, Analytic Hierarchy Process (AHP), DEMATEL, and VIKOR—was applied,
supported by MATLAB, Smart PLS, and Warp PLS. The findings reveal that effective communication,
project team maturity, managerial competence, and feasibility assessment represent the most influential
drivers of transfer success. Complementary factors such as strategic alignment, socio-cultural
considerations, human resources, infrastructure readiness, and managerial support also exert significant
impact. Moreover, the study highlights that the complexity of technology transfer varies with market
and product novelty, underlining the necessity of context-specific strategies. This research contributes
by proposing a ranked and integrative framework of CSFs and their interdependencies. The framework
not only advances theoretical understanding of technology transfer under Industry 4.0 but also provides
actionable guidance for practitioners to improve efficiency, minimize resource losses, and enhance
sustainable competitiveness in international markets.

Keyword: Emerging Technology, Industry 4.0, Technology Transfer, Critical Success Factors,
Multi-Criteria Decision-Making.

1 Introduction

The significance of technology as a primary driver of economic growth in the modern era has
been recognized [1]. Emerging technologies such as artificial intelligence, IoT, blockchain, and
quantum computing are reshaping global competitive landscapes [2]. Around 85% of the global
population resides in developing nations [3], highlighting a distinct challenge in adopting and
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integrating new technologies within these regions [4]. Human capital development and
culturally adaptive innovation strategies are essential for successful technology adoption in
these regions [5]. Reports indicate that insufficient social and human resources, along with a
significant digital divide, may impede the integration of technology. This, in turn, could stifle
economic growth in the emerging knowledge-driven global society and exacerbate poverty and
inequality in developing nations [5]. Various elements, including fundamental infrastructure,
labor conditions, cultural perspectives, internal policies, and the lack of financial resources,
impede the effective implementation of technology in developing countries [6]. Conversely, the
onset of the fourth industrial revolution, also known as Industry 4.0, which is defined by the
integration of various technologies, began quite some time ago. As a result, governments and
countries must thoroughly analyze its elements, ready themselves to harness the opportunities
it presents, and address the challenges it poses [7]. Governments must get ready to align with
advancements in science and technology to effectively meet societal demands and tackle global
issues [8]. They should also enhance their frameworks to achieve a level of transparency and
efficiency that ensures they retain their competitive edge [9]. Governments in developing
nations need to establish favorable conditions for the transfer of new technologies to promote
economic growth within their borders [10]. To achieve this, they should facilitate the
acquisition of global technologies and enable their transfer to local businesses that specialize in
technology. These technology firms are crucial in assisting developing countries in advancing
towards more sophisticated economies through innovation [11]. The organizations have been
incorporated into the agenda and program to promote international technology transfer
initiatives. Their focus includes executing projects related to technology oversight, fostering
local research and development, and commercializing acquired technologies, all tailored to
meet the specific conditions and requirements of the country [12]. In this study, it is utilized
these companies to gather data via a questionnaire. Our world undergoes daily transformations,
which simultaneously create new opportunities and pose risks to us [13]. The idea of revolution
represents significant transformations, often taking considerable time to manifest and requiring
thorough examination of their impacts [14]. One of the most significant transformations in
human history that has impacted the entire world is the industrial revolution [15]. Among these
revolutions is the Fourth Industrial Revolution, which involves the integration of automation
and data exchange in manufacturing processes [16]. The subsequent phase, known as Industry
5.0, is an evolving concept that aims to enhance collaboration between humans and machines
This approach seeks to empower individuals, making work safer, more efficient, and more
fulfilling [17]. To facilitate the transfer of these emerging technologies, it is essential to identify
the key success factors for international projects focused on the transfer of such technologies
within the framework of the Fourth Industrial Revolution [18]. Additionally, it is understood
the most efficient and effective processes and models for transferring international emerging
technologies in this context. The fourth industrial revolution has brought about significant
transformations in human societies, requiring governments and industrial sectors to adapt to
these shifts. These changes encompass various technologies, including artificial intelligence,
autonomous vehicles, 3D printing, nanotechnology, robotics, and quantum computing. It is
anticipated that these advancements will reach their full impact by the year 2030 [19]. Given
the significance of the fourth industrial revolution in today’s world, it is crucial to focus on
technologies that align with this transformation. To maintain a competitive edge on the global
stage, it is essential to establish conditions that support the transfer of emerging technologies.
Consequently, the significance of transferring emerging technologies and their associated
models is clear within this platform. Recognizing the elements that elucidate these indicators
and their interconnections can be regarded as the primary focus of this study.
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In the ongoing study, the focus lies on technology transfer research, with the researcher aiming
to identify the key success factors and criteria for such projects. In this part, the study examines
the research on the success factors and criteria of technology transfer projects, along with
analyzing the success models of such projects. It then discusses the research background that
aligns with the methods employed in the current study, ultimately addressing the research gap.

Factors and success criteria of international technology transfer projects and barriers to the
success of technology transfer can be described as the elements that influence the effectiveness
of transferring technology across borders [20]. The study investigates the elements that
influence the effectiveness of cross-border technology transfer [20]. It highlights the complex
and multifaceted nature of success criteria for international technology transfer projects. These
criteria generally include economic, market, and product performance, as well as the extent of
technology acquisition and satisfaction with newly adopted technologies [22, 21].

The research also discusses advanced technologies in low-carbon materials and indicates
that successful international technology transfer depends on the development of technological
and innovation capabilities within the recipient organization. In addition, the sustainability of
these capabilities after the transfer process is identified as a key factor. The study further
emphasizes the significant role of commitment, motivation, and senior management strategies
in ensuring successful technology transfer. [23, 24].

The study emphasizes the significance of the receiver’s technological competence in the
successful transfer and adoption of a specific technology. It also highlights the importance of
other factors, including education, cultural compatibility, appropriate legal frameworks, and a
supportive environment, in determining the success of technology transfer. Furthermore, the
research indicates that organizational characteristics such as firm size, age, and departmental
structure can influence the management of technology transfer processes [10, 25].

The study developed a framework for the prosperity of international technology transfer,
which named the strategic process of international technology transfer. The research involved
analyzing the experiences of over 150 companies involved in international technology transfer.
The factors were categorized impacting success into three main categories: establishing goals,
choosing partners, and executing the transfer [26, 27].

Research conducted by multiple scholars indicates that technology transfer initiatives often
encounter numerous challenges, leading to instances where the finalized projects may not prove
beneficial to the recipient organization or nation [28].

The study conducted a review of previous research and highlighted the challenges faced
by developing countries in technology transfer projects from developed nations. Some key
obstacles identified in the research include [29]:

Lack of necessary infrastructures and institutions.

Insufficient human capacities.

Supplier exclusivity and buyer bargaining power.

Weakness in technological capabilities and failure to establish indigenous technological
capabilities.

Selection of inappropriate technologies.

Small market size in recipient countries.

Provision of outdated technologies by sellers.

Inadequate understanding of technology nature and success requirements.

Absence of comprehensive plans for technological development in developing countries.

Resistance from industrialized countries.
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These obstacles underscore the complexities involved in technology transfer processes
between developed and developing nations, impacting the successful implementation and
outcomes of such projects [30].

The study analyzed and evaluated effective frameworks for global technology exchange
initiatives and formulated a framework for developing nations by examining government-
backed international technology transfer programs within the Indonesian manufacturing
industry. The proposed framework comprises four key components: Technology dissemination,
technological infrastructure, technical proficiency, and economic efficacy. According to this
framework, the technology transfer process enhances a company’s technical competencies,
which in turn leads to improved economic outcomes. Furthermore, the framework indicates that
the effectiveness of technology transfer is influenced by organizational learning culture,
absorption capacity, governmental support, and the chosen method of technology
dissemination. [29, 31].

The study highlights the delineation and actualization of diverse technological
competencies. Nonetheless, the model’s design lacks precision in defining conceptual aspects,
variable types, positions, and interrelationships. A notable strength of the model lies in the
thorough examination of "government support" as an independent variable alongside other
factors [32, 33].

The proposed framework is based on numerical and empirical evidence, with structural
equation modeling serving as a key feature and exploratory factor analysis being emphasized.
In this research, the term "transfer performance” is used as a broad indicator of achievement.
The study also explores the relationships between the variable "learning organizations" and
other factors [34, 35].

The framework scrutinized a limited set of factors and combined the recipient and the
source into a single variable. However, the recipient and the source exhibit distinct
characteristics, suggesting that analyzing their impacts individually would be more informative.
By considering cultural variances, this model holds greater research significance, although it
lacks depth in other variables [36].

Another study conducted a case study within the automotive supplier sector and formulated
a multi-criteria decision-making framework to facilitate digital transformation. This model,
designed for technology transfer purposes, was tailored to assess Industry 4.0 innovations
capable of enhancing operational processes within the investigated organization [37].

The research also presented a new approach integrating the Delphi-DEMATEL-ELECTRE
technique using gray numbers to evaluate technology providers. By employing the DEMATEL
method, the study analyzes the interrelationships among selected criteria and prioritizes them
according to the obtained results [38].

Further research explores the utilization of Multiple Criteria Decision-Making (MADM)
techniques in technology transfer processes, emphasizing their role in reducing ambiguity,
imprecision, and uncertainty in decision-making. The study examines the evolution and current
applications of MCDM in sectoral technology transfer, highlighting the importance of
determining technology transfer strategies, selecting appropriate technologies, and identifying
barriers and drivers as key research perspectives [39].

Finally, the study introduced a comprehensive evaluation framework aimed at enhancing
supply chain intelligence through a combination of multi-criteria decision-making techniques.
This model emphasizes the prioritization of assessment standards and suggests evaluating
intelligent enhancement solutions using the VIKOR method [40].

They introduced a framework and a methodological proposal for technology selection in
the field of Industry 4.0 production. The outcomes derived from the FAHP and FANP
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algorithms empower decision-makers to effectively oversee and opt for the most suitable
technology amidst the diverse array of choices prevalent in contemporary markets [41].

According to the research conducted in the field of emerging technology transfer, the
common thread among the current studies is their focus on the effectiveness of international
technology transfer projects. These studies examine and rank the key factors that contribute to
the success of technology transfer initiatives. However, the previous research in this area has
identified the following research gaps:

1. Previous investigations in technology transfer have predominantly concentrated on
structural frameworks, with limited utilization of sophisticated decision-making methods
like Analytic Network Process (ANP) to explore technology transfer models

2. In previous studies, there has been a greater emphasis on the impact of restricted indicators
on the efficacy of technology transfer, with a lesser exploration of a diverse array of
indicators for facilitating technology transfer.

3. In previous studies, the primary emphasis has been on examining the pros and cons of
technology dissemination within individual sectors, with limited attention given to
exploring technology transfer across industries. This approach involves initially
conceptualizing technology transfer in a broad context before tailoring it to specific
industries for further analysis and implementation.

4. In previous studies, the focus on technology transfer primarily revolved around indicators
and alternatives, while the elements that clarify these indicators received less attention.

Finally, the present research addresses these questions based on a comprehensive analysis
of all relevant cases and gaps:

1. What elements contribute to the success of international projects focused on transferring
emerging technologies?

2. How are the success factors ranked in the context of transferring emerging technologies
within the framework of the Fourth Industrial Revolution, utilizing a fuzzy
methodology?

3. Which indicators influence the success of international projects for emerging
technology transfer, and what mechanisms facilitate this influence? Additionally, how
do the relationships and interactions among these indicators manifest, and what are the
primary components that elucidate the success factors associated with project transfer?

The purpose of this research is to present various scenarios to optimize international
technology transfer models in order to enhance the success rate of transfer projects. Therefore,
in terms of the implementation method, this research employs a survey approach. It is a survey
because in this study, questionnaires and interviews were designed to identify the factors of
technology absorption by the receiver, the readiness of technology transfer by the source, and
the ability to exchange technology in the project. These instruments were used to gather the
opinions of experts from facilitating companies in the field of information technology.

Therefore, at this stage, the research has a quantitative orientation, and in terms of data

collection, the research method is descriptive-survey. These surveys were then administered to

information technology experts within facilitating companies. Consequently, this phase of the
study adopts a quantitative methodology. Data collection primarily follows a descriptive-survey
approach. In the qualitative part of this research, the methods used include decision-making
techniques, specifically the fuzzy Delphi method, to screen and analyze the indicators of
emerging technology transfer. Additionally, the AHP (Analytic Hierarchy Process) and

DEMATEL (Decision Making Trial and Evaluation Laboratory) methods are employed to

identify the process model of emerging technology transfer and determine the importance and

ranking of these indicators. The rationale for using these approaches, compared to similar
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methods, is the ability to consider the network and intra-network relationships of the indicators,
which allows for a more thorough examination of their effectiveness and leads to more accurate
results. Furthermore, the VIKOR technique is utilized to investigate the role of facilitating
organizations in relation to the indicators of emerging technology transfer. MATLAB software
will be used to solve both the VIKOR technique and the DEMATEL method. The research
population consists of individuals specializing in companies that facilitate the transfer of
emerging technologies. The sample size is determined based on the fuzzy law. In this study, a
random sampling method is employed, ensuring that each company has an equal and
independent chance of being included in the sample. The statistical population comprises active
managers in facilitating companies, and using Morgan’s table, the sample size for this research
is set at 90 participants.

2 Data collection tools

This study collected the required data from questionnaires or direct interviews with experts. A
questionnaire as a direct method is one of the standard measurement tools. The questionnaire
contains different questions related to the research variables, which are filled out by the
participant directly or indirectly. The data necessary for this study were gathered through
questionnaires or direct interviews with subject matter experts. The carefully crafted
questionnaire pinpoints the optimization metrics of international technology transfer
frameworks. Additionally, another set of required data can be collected directly through expert
interviews. It should be noted that expert opinions on the subject were given at each stage
through an interview to confirm and validate the results.

3 Data analysis method

At the outset, to scrutinize the results of individual studies and identify fundamental aspects
utilizing open coding technique, the initial step involves evaluating and organizing all
significant points and factors derived from the materials as codes. Subsequently, to integrate
the outcomes and establish connections between categories and strategies, the axial coding
method is employed to interrelate the information in a novel manner. To apply the fuzzy Delphi
method, a survey was created and circulated to specialists. Within this survey, experts were
tasked with indicating the significance of each factor. Through multiple rounds of the survey
and reaching an agreement on the criteria, the fuzzy Delphi procedure was successfully carried
out. In this survey, the experts were asked to assess the significance of each of the criteria, and
through multiple stages of the questionnaire and consensus on 26 criteria, the fuzzy Delphi
process was concluded. By optimizing while considering 95 points, 11 criteria progressed to
the subsequent stages. The weighting of the criteria selected by AHP was determined through
a questionnaire in which the criteria were compared in pairs. Subsequently, a pairwise
comparison matrix was constructed, introducing 5 indicators labeled Al to AS. Then these 5
indicators are ranked by calculating the preference function using the Promethea method and
the fuzzy Delphi method. The Promethea method is one of the multi-criteria decision making
(MCDM) methods whose purpose is to rank the alternatives. The resulting matrix was then
inputted into the FCMapper software. This software serves as an international online platform
for analyzing and visualizing fuzzy cognitive maps. In this software, the level of impact,
influence and centrality of each variable is determined as depicted in the figure below. Positive
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and negative causal linkages can be observed in this model. The size of the circles
corresponding to each factor indicates the degree of centrality of that factor. The larger its size,
the greater the influence and impact of that factor on other factors, and consequently, its

centrality is higher.
‘]nslilmion:ll managerial . ,,,.v‘,liiolo;:,icul

Physicochemical

>

1

+ X
> .
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Fig. 1 Fuzzy cognitive map model of engineering factors of the success model of emerging technology transfer
projects with the approach of the fourth industrial revolution

4 Results
4.1 Defining the acceptable limit for selecting criteria

Nwy = Nw; X Nwy, (1)

Table 1 The final average of the criteria

RAW  criterion (option) Final average Condition

1 Transmission capacity and technical ability of the source 9/25 confirmation
2 Adaptation and indigenization of technology 9/25 confirmation
3 Experience in transfer projects with a similar method 9/25 confirmation
4 Repeat purchase from the source 5/5 rejection

5 Willingness to transfer technical knowledge 5/5 rejection

6 Technological complexity 9/25 confirmation
7 Implicitness of technology 5/5 rejection

8 The newness of the technology 9/25 confirmation
9 Dynamics and uncertainty of technology 9/25 confirmation
10 Nature and nature of technology 5/5 rejection
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12

13

14
15

16

17

18
19

20

21

22
23

24

25

26
27

The amount and intensity of support for technology transfer
Financial support and provision of project resources

The degree of internationalization of technology

The organization's relations with other government institutions
and supporters

The amount of effective control and supervision of the project
supporter

Organization's commitment, experience and capability

Familiar and proven technology

The level of support of the senior manager of the organization for
the project

The way of communication, interaction and coordination
between the source and receiver

The amount of cultural distance between the source and receiver

Features of transfer contracts

Industry characteristics (market scale, product life cycle and
government)

Transfer profitability rate (cost reduction, income increase,
foreign exchange income generation)

The purpose of transfer (penetration in the domestic market,
penetration in the foreign market, response to intense
competition)

Creating endogenous development capabilities

Provision of complementary and intermediary infrastructures and
institutions

5/5

5/5

9/25
5/5

5/5

5/5

9/25
3/66

9/25

4/66

3/25
5/5

5/5

3/25

9/25
5/48

rejection
rejection

confirmation

rejection

rejection

rejection

confirmation

rejection

confirmation

rejection

rejection

rejection

rejection

rejection

confirmation

rejection

numbers that are outside the range are rejected.

4.2 Weighting the criteria selected by the fuzzy AHP technique

The share of the domain score is 7.83, and by adding it with the lowest value (1), the
acceptable value is 8.83. The numbers that fall within the specified range are confirmed and the

Triangular fuzzy values were employed in the dataset. Subsequently, the collective expert
opinions were amalgamated into a comprehensive matrix. In this matrix, the leftmost fuzzy
number represents the lowest opinion value, the rightmost fuzzy number represents the highest
opinion value, and the middle fuzzy number is the geometric mean of experts’ opinions.
Following the computation of the z-score for each criterion using equation 2, the ultimate
weight for each criterion (expressed in fuzzy terms) was determined. This fuzzy weight was
then converted to a crisp value using equation 3, and the scaling factor for the criteria's weights
was established based on the guidelines outlined in Table 2.

Wi_ = Zl®(Zl®ZZ® ®Zn)(_1)

)
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Wi = Wy + Wpg + Ws;) /3 (3)

Table 2 Normalized weight of each criterion

Row Criterion The normalized weight
of each criterion
1 Transmission capacity and technical ability of the source 14/0
2 Adaptation and indigenization of technology 10/0
3 Experience in transfer projects with a similar method 08/0
4 Technological complexity 08/0
5 New technology 11/0
6 Dynamics and uncertainty of technology 12/0
7 The degree of internationalization of technology 15/0
8 Familiar and proven technology 05/0
9 The way of communication, interaction and coordination between the source 09/0
and receiver
10 Creating endogenous development capabilities 02/0
11 Provision of complementary and intermediary infrastructures and institutions 02/0

4.3 Formation of the decision matrix

In this matrix, the performance values of quantitative criteria are precise numbers, but the
performance values of qualitative criteria are based on expert opinion and the use of the 7-point
scale method. At this stage, the survey was designed and distributed among the specialists, and
they assessed the priorities based on the criteria. It’s important to note that in this matrix, 5
indicators with options Al to A5 have been introduced.

Al: Achievement of project advancement objectives

A2: Safeguarding the concerns of external stakeholders and the community

A3: Efficacy of technology dissemination

A4: Optimization of technology dissemination

AS: Approach to technology dissemination

4.4 Calculate the preference function

Concerning the selection of the preference function, throughout the meetings and negotiations
conducted with the experts, the linear preference function was employed due to greater
familiarity and more logical justification of the matter. This function alters the preference level
linearly by modifying the scores between zero and p. Furthermore, if the difference exceeds P,
the preferred option is chosen entirely. The value of P is included in the calculations as the
superiority threshold according to Table 3. In the next step, based on each of the criteria and
using relation (4), the options were compared. The value of the preference function was
calculated for each criterion and presented in Tables 4, 5, 6, 7, and 8.
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4

Criterion

Cl

C2

c3

C4

Cs

C6

C7

C8

9

C10

Cl1

Weight
Index type

function type

Threshold of excellence

0.14
Max

0.6

0.10
Max

0.6

0.08
Max

0.6

0.08
Max

0.6

0.11
Max

0.6

0.12
Max

0.6

0.15
Max

0.6

0.05
Max

0.6

0.09
Max

0.6

0.02
Max

0.6

0.02
Max

0.6

Table 4 The preference function of A1 compared to other alternatives

Cl

C2

C3

C4

(O8]

C6

C7

C8

C9

C10

Cl1

Al A2

0.00

1.00

0.00

1.00

0.00

0.00

0.00

1.00

1.00

0.00

0.00

A3

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

A4

0.00

0.00

0.00

1.00

0.00

0.00

1.00

1.00

0.00

0.00

0.00

AS

0.00

1.00

0.00

1.00

0.00

1.00

0.00

0.00

1.00

0.00

0.00

Table 5 The preference function of A2 compared to other alternatives

Cl

C2

C3

C4

Cs

C6

C7

C8

C9

C10

Cl1

A2 Al
A3
A4
AS

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

1.00
1.00
0.00
0.00

0.00
0.00
0.00
1.00

0.40
0.40
0.00
0.00

0.00
0.00
0.00
1.00

0.00
0.00
1.00
0.00

0.00
0.00
1.00
0.00

0.00
0.00
0.00
1.00

0.00
0.00
0.00
0.00

1.00
0.00
1.00
1.00

Table 6 The preference function of A3 compared to other alternatives

Cl

C2

C3

c4

G5

C6

C7

C8

C9

C10

Cl1

A3 Al
A2
A4
AS

0.00
0.00
0.00
0.00

0.00
1.00
0.00
1.00

0.00
0.00
0.00
0.00

0.00
1.00
1.00
1.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
1.00

0.00
0.00
1.00
0.00

0.00
1.00
1.00
0.00

0.00
1.00
0.00
1.00

1.00
1.00
1.00
0.00

1.00
0.00
1.00
1.00
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Table 7 The preference function of A4 compared to other alternatives

Cl

C2

C3

c4 G5

Co6

C7

C8

C9

C10

Cl1

A4 Al

A2

A3

AS

0.00

0.00

0.00

0.00

1.00

1.00

1.00

1.00

1.00

0.00

1.00

0.00

0.00 1.00 0.00

0.00 0.60 0.00

0.00 1.00 0.00

1.00 0.00 1.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1.00

1.00

1.00

1.00

0.00

0.00
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Table 8 The preference function of A5 compared to other alternatives

Cl

C2

C3

c4 G5

C6

C7

C8

C9

C10

Cl1

A5 Al
A2
A3
A4

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

1.00
1.00
1.00
1.00

0.00 1.00 0.00

0.00 1.00 0.00

0.00 1.00 0.00

0.00 1.00 0.00

0.00
0.00
0.00
1.00

0.00
1.00
0.00
1.00

0.00
0.00
0.00
0.00

1.00
1.00
0.00
1.00

0.00
0.00
0.00
0.00

The preference index of the choices was calculated through equation (5):

P(a,b) = F;[d;(a,b)] Va,b € 4,

di(a,b) = gj(a) — g;(b).

0< Pi(a,b) < 1.

Table 9 Cumulative preference index of alternatives

The value of ¢* and ¢~ was calculated based on equations (6) and (7) and reported in

Table 10.

Al *

0.32

A2 0.14 *

A3 0.04 0.34
A4 038 0.26
A5 021 026

0.02 0.30
0.14 0.24
* 0.34
038 *

0.39
0.31
0.41

0.39

0.21 0.43

1

¢*(a) = — zxeAﬂ(a. x)
1

¢~ (a) = mzxeAﬂ( X, a)

)
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Table 10 Positive and negative ratings of alternatives

Al A2 A3 A4 A5

¢t 026 020 028 033 0.28
¢~ 0.19 026 0.18 031 0.36

Using equation 8, the net flow of ranking was calculated and shown in Table 11.

p(@ = ¢"(@) - ¢ (a) (8)

Table 11 The net flow of ranking

Al A2 A3 A4 A5

¢ 0.07 -0.06 0.10 0.02 -0.08

The evaluation of the role of facilitation companies in the transfer of emerging
technologies with the approach of the fourth industrial revolution based on the Delphi method,
which presents a complete ranking, was demonstrated in the following equation:

{aP”b iff ¢(a) > ¢(b) 9)
al"biff ¢p(a) = ¢p(b)

A3 > A1 > A4 > A2 > A5

Table 12 Weight of criteria

No. Criterion Normalized weight of criterion
1 Transmission capacity and technical ability of the source 0.14
2 Indigenization and adaptation of technology 0.10
3 Experience in transfer projects with a similar method 0.08
4 Complexity in technology 0.08
5 Innovative technology 0.11
6 Dynamics and uncertainty in technology 0.12
7 Internationalization of technology 0.15
8 Familiar and proven technology 0.05
9 The way of communication, interaction and coordination between the 0.09
source and receiver
10 Creating the endogenous development capabilities 0.02
1 Providing infrastructures and complementary and intermediary 0.02

institutions

The final matrix from the focus group is entered into the FCMapper software. According
to Table 13, effectiveness, susceptibility, and centrality is determined in the FCM Indices
section of this software.
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Table 13 The amount of effectiveness, susceptibility, and centrality of each criterion

Criteria Effectiveness Susceptibility Centrality
Achieving project development goals 3.07 3.07 6.15
Technology transfer method 1.88 1.88 3.77
Performance of technology transfer 1.85 1.85 3.69
Effectiveness of technology transfer 2.77 2.77 5.53
Serving the interest of the external stakeholders and society 2.43 243 4.87

In this section, we will examine the collected data to address the research questions: What
factors influence the success of international emerging technology transfer projects, and what
mechanisms facilitate this influence? Specifically, we will explore how the various indicators
interact and affect one another. In earlier sections, we identified and ranked the primary success
indicators for technology transfer projects. Here, we will delve into the elements that clarify
these indicators and analyze their interrelationships. Additionally, we will utilize Smart-PLS
and WarpPLS statistical software for our data analysis.

4.5 Fitting the measurement and structural model of the research

To assess the measurement model, it is advisable to concentrate on confirmatory factor analysis,
which is a component of these models. This approach explains how latent variables are
quantified through observed variables.

4.5.1 variable characteristics of technology transfer effectiveness

The first question: What are the key factors that contribute to the successful transfer of emerging
technologies in the context of the fourth industrial revolution?

- 52 — IT1 \
- 00 XA
-00 . 23 i IT2 ‘-—5‘0. oo
i - -
o. 00 ¢. oo e
]lb.oo - 26 v IT3 /o.e'.’
N
0. oo ’/
\.ss—-— IT4a

Chi—Sguare=5S_.S2, d4df=2, P—value=0.031<48, RMSEA=0.087

Fig. 2 Measuring the general model and determining the characteristics of the effectiveness of technology transfer
in the standard mode
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Fig. 3 Measurement of the general model and determination of the characteristics of the effectiveness of

technology transfer in a meaningful state
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Fig. 4 Measuring the overall model and determining the characteristics of the effectiveness of technology transfer

in the estimation mode

4.5.1.1 Structural equation analysis (model fitting)

Table 14 Structural equation model fit indices of technology transfer effectiveness characteristics

Indicators full name Reliable quantity amount Desirability

chi square (%) ChiSquare Divided - 5.92 Model Verification
x2/df ChiSquare Divided to Degrees of Freedom  y%/df <3 2.96 Model Verification
RMSEA Root Mean Square Error of Approximation = RMSEA <0.1 0.087 Model Verification
NFI Normed Fit Index NFI >0.9 0.99 Model Verification
GFI Goodness of Fit Index GFI>0.9 0.99 Model Verification
CFI Comparative Fit Index CFI1>0.9 0.99 Model Verification
IFI Incremental Fit Index IFI>0.9 0.99 Model Verification
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4.5.1.2 The outcome derived from the statistical evaluation

In this study, the Smart-PLS software was utilized to examine the relationships between
variables. To explore the causal connections between independent and dependent variables and
to validate the overall model, path analysis was employed. This path analysis was conducted
using the Smart-PLS software. The findings from the Smart-PLS outputs indicate that the chi-
square ratio relative to the degrees of freedom is below three, and additional goodness-of-fit
metrics further validate the model’s suitability. It is important to highlight that standard
coefficients and significant values are employed to either validate or dismiss the hypotheses.
Additionally, a confidence level of 95% and an error rate of 5% are applied across all routes. A
summary of the significance coefficients and the outcomes of the proposed hypotheses can be
found in Table 15.

Table 15 findings from the structural equation model related to the research framework assessing the effectiveness
of technology transfer.

Result Meaningfulness Standard Path of
communication/influence

Characteristics of the effectiveness of 13/14 0/68 Confirmation

technology transfer — integration

Characteristics of the effectiveness of 17/23 0/83 Confirmation

technology transfer — flexibility

Characteristics of the effectiveness of 18/09 0/86 Confirmation

technology transfer — Alignment

Characteristics of the effectiveness of 13/01 0/67 Confirmation

technology transfer — management

Based on the statistical evidence presented in Table 15, the relationship between the latent
construct of technology transfer effectiveness and its observable indicators - integration,
flexibility, alignment, and management - is validated. This conclusion is drawn from the fact
that the critical value for these paths exceeds the threshold of 1.96, which is typically used as
the benchmark for statistical significance in such analyses. The positive nature of the
statistically significant result indicates a direct relationship between the variables examined.
Specifically, the study found that integration, flexibility, alignment, and management are key
factors in explaining the efficacy of technology transfer. These elements contribute to both the
foundational aspects and the overall success model for emerging technology transfer initiatives,
particularly when viewed through the lens of the Fourth Industrial Revolution.

4.5.2 The variable of realizing project development goals
Second question: What are the key elements that elucidate the strategies for achieving project

development objectives in the context of emerging technology transfer, considering the
paradigm of the Fourth Industrial Revolution?
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Fig. 5 Measuring the general model and explaining the approaches to achieving development goals in the standard
mode
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Fig. 6 Measurement of the general and explanatory model of the approaches to the realization of development
goals in a meaningful way
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Fig. 7 Measurement of the general and explanatory model of the approaches to the realization of development
goals in the estimation mode
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4.5.2.1 Structural equation analysis (model fitting)

Table 16 Appropriateness indices of the structural equation model, approaches to the realization of project
development goals

Indicators full name Reliable quantity amount Desirability

Chi square(y?) ChiSquare Divided - 5/64 Model Verification
x2/df ChiSquare Divided to Degrees of Freedom  y%/df <3 2/82 Model Verification
RMSEA Root Mean Square Error of Approximation =~ RMSEA <0/1 0/093 Model Verification
NFI Normed Fit Index NFI >0/9 0/98 Model Verification
GFI1 Goodness of Fit Index GFI1>0/9 0/99 Model Verification
CFI Comparative Fit Index CFI > 0/9 0/99 Model Verification
IFI Incremental Fit Index IFI > 0/9 0/99 Model Verification

4.5.2.2 The result obtained from the statistical analysis

Table 17. The results of the structural equation model for the research model of approaches to the realization of
project development goals

Result Meaningfulness  Standard Path of
communication/
influence

Approaches to achieve project development goals 11/64 0/64 Confirmation

— Flexibility in cost

Approaches to realizing project development goals  14/42 0/78 Confirmation

— flexibility in implementation

Approaches to achieve project development goals 14/21 0/77 Confirmation

— adaptability

Approaches to realizing project development goals ~ 8/46 0/49 Confirmation

— return (improvement)

Based on the statistical evidence presented in Table 17, the relationship between the latent
variable (approaches to achieving project development objectives) and the observed variables
(cost flexibility, implementation flexibility, adaptability, and return on investment) is
statistically significant. The analysis reveals that the critical value for this path exceeds the
threshold of 1.96, which is typically used as the benchmark for statistical significance.
Consequently, we can conclude with confidence that there is a meaningful connection between
these project management approaches and the specified performance indicators.

4.5.3 The variable of securing the interests of external stakeholders and society
Third question: What are the key elements that elucidate the advantages for external

stakeholders and society at large in the context of emerging technology transfer, particularly
considering the advent of the fourth industrial revolution?
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Fig. 8 Measuring the general model and determining the explanatory components of providing the interests of
external stakeholders and society in the standard mode.
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Fig. 9 Measurement of the general model to determine the explanatory components of securing the interests of
external stakeholders and society in a meaningful state
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Fig. 10 Measuring the overall model and determining the explanatory components of providing the interests of
external stakeholders and society in an estimated state.
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61

Table 18. The fit indices of the explanatory structural equation model for securing the interests of external

stakeholders and society

Indicators full name Reliable quantity amount Desirability

Chi square (¥*) ChiSquare Divided - 4/53 Model Verification
x2/df ChiSquare Divided to Degrees of Freedom — y%/df <3 2/26 Model Verification
RMSEA Root Mean Square Error of Approximation RMSEA <0/1 0/062 Model Verification
NFI Normed Fit Index NFI >0/9 0/99 Model Verification
GFI Goodness of Fit Index GFI>0/9 0/99 Model Verification
CFI Comparative Fit Index CFI1>0/9 1/00 Model Verification
IF1 Incremental Fit Index IF1>0/9 1/00 Model Verification

4.5.3.2 The result obtained from the statistical analysis

Table 19. The results of the structural equation model for the explanatory model of securing the interests of
external stakeholders and society

Result Meaningfulness  Standar  Path of
d communication/
influence
Characteristics of securing the interests of external 12/87 0/67 confirmation

stakeholders and society — planning

Characteristics of securing the interests of external 17/06 0/83 confirmation
stakeholders and society — continuous improvement

Features of securing the interests of external stakeholders and ~ 18/05 0/86 confirmation
society — mutual relationship

Characteristics of securing the interests of external 12/95 0/67 confirmation
stakeholders and society — human resources

Based on the information presented in Table 19, the statistical analysis reveals a
noteworthy connection between several variables. The intangible factor of "safeguarding the
interests of external stakeholders and society"” demonstrates a statistically significant
relationship with four visible variables: planning, continuous improvement, mutual
communication, and human resources. This conclusion is drawn from the fact that the
significance value for the path between these variables exceeds the threshold of 1.96, thereby
validating the existence of this relationship. The positive nature of the significant value
indicates a direct relationship between the variables. Consequently, the success model for
transferring emerging technologies, with a focus on the Fourth Industrial Revolution, can be
explained by several key factors. These factors include strategic planning, ongoing
enhancement processes, effective communication channels, and human resource management.
These elements contribute to both the development and the overall success of projects aimed at
implementing cutting-edge technologies aligned with Industry 4.0 principles.
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4.5.4 Technology transfer efficiency variable in the transfer of emerging technologies
with the approach of the fourth industrial revolution

Fourth question: What are the main components explaining the efficiency of technology
transfer in the transfer of emerging technologies with the approach of the fourth industrial

revolution?
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Fig. 11 Measurement of the general model and determination of transmission efficiency components in standard

mode
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Fig. 12 Measuring the overall model and determining the efficiency components of technology transfer in a

meaningful way
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Fig. 13 Measuring the overall model and determining the transfer efficiency components in the estimation mode

4.5.4.1 Structural equation analysis (model fitting)

Table 20 fit indices of the structural equation model of technology transfer efficiency components

Indicators Full name Reliable amount  Desirability
quantity

Chi square (x*)  ChiSquare Divided - 3/58 Model Verification
x2/df ChiSquare Divided to Degrees of Freedom  y*/df <3 1/79 Model Verification
RMSEA Root Mean Square Error of Approximation RMSEA <0/1  0/049 Model Verification
NFI Normed Fit Index NFI >0/9 0/99 Model Verification
GFI Goodness of Fit Index GFI > 0/9 0/99 Model Verification
CFI Comparative Fit Index CFI>0/9 1/00 Model Verification
IF1 Incremental Fit Index IF1>0/9 1/00 Model Verification

4.5.4.2 The result obtained from the statistical analysis

Table 21 results of the structural equation model for the research model of technology transfer efficiency

components
Result Meaningfulness Standard  Path of
communication/influence
Efficiency characteristics of technology transfer —  12/70 0/66 Confirmation
extent
Efficiency characteristics of technology transfer —  17/20 0/83 Confirmation
continuous improvement
Efficiency characteristics of technology transfer —» 18 0/86 Confirmation
interrelationship
Efficiency characteristics of technology transfer —  13/14 0/68 Confirmation

human resources

Based on the information presented in Table 21, the statistical analysis confirms a
meaningful relationship between the latent variable of technology transfer efficiency


http://dx.doi.org/10.71885/ijorlu-2025-4-710
https://ijaor.com/article-1-710-en.html

[ Downloaded from ijaor.com on 2026-06-10 ]

[ DOI: 10.71885/ijorlu-2025-4-710 ]

64 N. Moghadam et al. / IJAOR Vol. 13, No. 4, 43-71, Autumn 2025 (Serial #47)

components and the observed variables of scope, planning, process integration, and shared
values. The t-values for these relationships exceed the critical threshold of 1.96, indicating
statistical significance. Furthermore, the positive nature of these t-values suggests that the
relationships are direct, implying that improvements in the observed variables are associated
with enhancements in technology transfer efficiency. The efficiency of technology transfer in
emerging projects aligned with the Fourth Industrial Revolution can be attributed to several key
factors. These include the project’s scope, strategic planning, integration of processes, and
shared values among stakeholders. These elements collectively influence the success and
effectiveness of transferring cutting-edge technologies, particularly in the context of creating
and implementing projects that embody the principles of Industry 4.0.

4.5.5 The technology transfer method variable in the transfer of emerging technologies
with the approach of the fourth industrial revolution

Fifth question: What are the main components explaining the transfer method in the transfer
of emerging technologies with the approach of the fourth industrial revolution?
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Fig. 14 Measuring the overall model and determining the components of the technology transfer method in the
standard mode
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Fig. 15 Measuring the overall model and determining the components of the technology transfer method in a
meaningful state
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Fig. 16 Measuring the overall model and determining the components of the technology transfer method in the

estimation mode

4.5.5.1 Analysis of structural equations (model fitting)

Table 22 Structural equation model fit indices of technology transfer method components

Indicators Full name Reliable quantity Amount Desirability

chi square (¥*) Chi Square Divided - 5/16 Model Verification
x2/df Chi Square Divided to Degrees of Freedom  y*/df <3 2/58 Model Verification
RMSEA Root Mean Square Error of Approximation RMSEA < 0/1 0/097 Model Verification
NFI Normed Fit Index NFI >0/9 0/98 Model Verification
GFI Goodness of Fit Index GFI > 0/9 0/99 Model Verification
CFI Comparative Fit Index CFI>0/9 0/98 Model Verification
IF1 Incremental Fit Index IF1>0/9 0/98 Model Verification

4.5.5.2 The result obtained from the statistical analysis

Table 23 The results of the structural equation model for the research model of the components of the

technology transfer method

Result Meaningfulness Standard Path of communication/influence
Technology transfer method — 10/82 0/62 Confirmation

decision making method

Technology transfer method — 13/77 0/77 Confirmation

decision making style

Technology transfer method — 13/13 0/74 Confirmation

intra-institutional relations

Method of technology transfer — 7/61 0/45 Confirmation

legal arrangements

Based on the data presented in Table 23, the statistical analysis reveals a strong correlation
between the latent variable of technology transfer method elements and several observable
variables. These observable variables include decision-making processes, leadership
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approaches, internal organizational dynamics, and regulatory frameworks. The statistical
significance of this relationship is demonstrated by t-values exceeding the critical threshold of
1.96. Furthermore, the positive nature of these t-values indicates a direct relationship between
the variables in question. In the context of the Fourth Industrial Revolution, the success model
for emerging technology transfer projects is influenced by several key factors. These
explanatory variables include the chosen decision-making approach, the style in which
decisions are made, the relationships within the institution, and the existing legal framework.
These elements collectively shape the components of the technology transfer method,
particularly in terms of how new technologies are created and implemented.

5 Conclusion

This study sought to identify key elements contributing to the successful adoption of cutting-
edge technologies. Its primary objective was to develop an optimal framework for the
international transfer of emerging innovations, ultimately enhancing project outcomes. The
research addressed three fundamental questions:

1) What is the success model factors in the transfer of emerging technologies with the approach
of the fourth industrial revolution in the studied region?

In the initial phase of the study, researchers identified key elements influencing the
successful transfer of cutting-edge technologies within the context of the Fourth Industrial
Revolution. Through expert consultation, five crucial factors were selected from an original
pool of 26 identified elements. These pivotal factors include:

Achievement of project development objectives

Methodology of technology transfer

Efficiency in technology transfer processes

Effectiveness of technology transfer

Safeguarding the interests of external stakeholders and the broader society

These selected factors were deemed most significant in determining the success of
emerging technology transfer in the era of Industry 4.0.

2) The result of the second step addresses the ranking of success model factors for transferring
emerging technologies with an Industry 4.0 approach using fuzzy methods. Specifically:

In the research’s second phase, we examine the ranking of transfer factors for emerging
technologies, focusing on the Fourth Industrial Revolution perspective and employing fuzzy
methodology. This stage involves ordering the options based on their proximity (similarity
index). The process prioritizes options exhibiting higher similarity indices. The final step
arranges these options in descending order, from the highest to the lowest index value.

A3 > A1 > A4 > A2 > A5

The analysis reveals that the technology transfer effectiveness index (A3) emerges as the
top priority for the success model in transferring cutting-edge technologies with a revolutionary
industrial approach. This index demonstrates the closest alignment with the positive ideal
solution while maintaining the greatest distance from the negative ideal solution. Essentially,
this finding suggests that focusing resources and efforts on improving the effectiveness of
technology transfer has the potential to yield the most significant advantages for the area, based
on the established criteria. By prioritizing this index, stakeholders can maximize the benefits
derived from the transfer of emerging technologies in the industrial sector.


http://dx.doi.org/10.71885/ijorlu-2025-4-710
https://ijaor.com/article-1-710-en.html

[ Downloaded from ijaor.com on 2026-06-10 ]

[ DOI: 10.71885/ijorlu-2025-4-710 ]

Modeling and ranking critical success factors in the transfer of emerging technologies 67

3) What indicators affect the success of an international emerging technology transfer project
and through what mechanism(s) does this effect occur? (How are the relationships and mutual
effects of the variables (indicators)?) and what are the main components that explain the success
factors of project transfer?

5.1 Testing variables and hypotheses

1) Variable characteristics of the effectiveness of technology transfer: Based on the data
presented in tables (14) and (15), study reveals that four primary elements play a crucial role
in explaining the efficacy of technology transfer within the context of facilitating companies’
role in emerging technology transfer, particularly in relation to the Fourth Industrial
Revolution: Integration, Flexibility, Alignment, Management. These components
demonstrate a strong explanatory power in the model, indicating their significance in the
technology transfer process. It’s worth noting that these findings align with prior studies
conducted by several researchers: [42- 44]. This consistency across multiple studies
reinforces the validity and reliability of the identified components in understanding
technology transfer effectiveness.

2) Based on the data presented in tables (16) and (17), which summarize the model fit results
and identify the key components of project development goal approaches in standard,
meaningful, and estimated modes, we can draw the following conclusion: The variable
approaches to achieving project development goals in the context of facilitating companies’
transfer of emerging technologies, with a focus on the Fourth Industrial Revolution, can be
explained by four main components: Cost flexibility, Implementation flexibility,
Adaptability, Return (improvement). This role-playing model’s findings align with previous
research conducted by [45, 46]. These studies support the importance of these components
in understanding and implementing effective approaches to project development goals,
particularly in the context of emerging technologies and industrial revolution advancements.

3) Based on the analysis of tables (18) and (19), which examine the model fit and component
structure for the variable "ensuring the interests of external stakeholders and society" in the
context of facilitating emerging technology transfer with a Fourth Industrial Revolution
approach, several key factors emerge as significant:

Planning: Strategically preparing for stakeholder engagement and societal impact
Continuous Improvement: Ongoing efforts to enhance processes and outcomes
Mutual Communication: Effective two-way dialogue with stakeholders
Human Resources: Developing and leveraging workforce capabilities
These components effectively explain the variable of securing external stakeholder and
societal interests within the model of facilitating emerging technology transfer in the Fourth

Industrial Revolution context.

Model Validity: The analysis indicates that the model demonstrates: Statistical significance,
Meaningful relationships between variables, Reliable estimates of component effects,
Alignment with [47- 49]. Their work similarly emphasized the importance of strategic
planning, iterative improvement, stakeholder engagement, and human capital development
in managing the societal implications of emerging technologies.

5.2 Analysis of Technology Transfer Efficiency Factors
Based on the data presented in tables (20) and (21), which summarize the model fit results and

identify the key components of technology transfer efficiency in standard, meaningful, and
estimated modes, we can draw the following conclusion: In the context of facilitating
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companies’ role in transferring emerging technologies, with a focus on the Fourth Industrial
Revolution, four primary factors emerge as significant predictors of technology transfer
efficiency: Extent of expansion , Continuous improvement , Mutual communication, Human
resources. It’s worth noting that these findings corroborate the research conducted by: [50- 52].
This alignment with prior studies further strengthens the validity of the identified factors in
explaining technology transfer efficiency.

5.3 Analysis of Technology Transfer Method Components

Based on the model fit results and component determination presented in tables (22) and (23),
we can draw the following conclusions: The technology transfer method in the context of
facilitating companies’ role in emerging technology transfer, with a focus on the Fourth
Industrial Revolution, is significantly influenced by four main components: Decision-making
methodology, Decision-making style, Internal organizational relationships, Legal frameworks
and regulations. These elements collectively elucidate the variable components of the
technology transfer method within the specified model. It’s worth noting that these findings
corroborate the research conducted by: [53- 55]. Their studies support the importance of these
components in the technology transfer process, particularly in the context of emerging
technologies and the Fourth Industrial Revolution.
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