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Commercialization of innovative products in small and medium-sized enterprises (SMEs) faces many challenges. 

In this study, the factors related to the existing challenges and resolutions are identified with the help of the multi-

layer fuzzy cognitive mapping (ML-FCM) method. The most effective criterion is introduced by examining the 

centrality. Also, the challenges and the existing resolutions to overcome these challenges are specified, and the 

most effective ones are determined. The present study addresses the practical experience of Sanat Prozheh Toos 

Company, which operates in the design and production of mechanical noise pollution control equipment (e.g., 

Silencers). The data is collected based on the organization's documents and experts' opinions. Research findings 

confirm that among the challenges of commercialization of innovative products associated with the case study, 

management challenge has the highest degree of effectiveness and centrality; moreover, among the ways of 

overcoming these challenges, organizational integration has the highest degree of centrality. Thus, the findings 

provide policy and management suggestions for SMEs policymakers and managers in commercializing advanced 

technologies. 
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1. Introduction 

Due to the rapid growth of technologies and the reduction of the product life cycle, the 

commercialization problems of advanced and innovative products have been highlighted. Most 

companies have expanded their activities in this field (Khalil Zadeh et al., 2017). 

Commercialization is the process by which knowledge and technology are transferred from 

universities and research centres to new industries and businesses. This complex process is 

influenced by many infrastructural, technological, social, political, and historical factors. New 

and innovative commercializing technologies face many obstacles in this field due to financial 

reasons and the lack of understanding of optimal organizational strategies (Dehghani, 2015). 

Despite considerable investments in this field, the rate of commercialization of technologies is 

reported to be lower than expected (Khalil Zadeh et al., 2017). Examining the 

commercialization process of various innovations shows that in the initial stages of 

commercialization development, the organization faces challenges that result in the highest rate 

of failure and stoppage. Organizations that pass this stage can obtain the produced value and 

create wealth. 

In this research, we seek to identify and determine the most practical challenges of passing 

through the stage of the growth process called the valley of death and identify the solutions and 

capabilities of the organization to give this stage. The valley of death is considered a factor in 

the survival of companies and organizations when a technology-oriented and innovative 

business is trying to commercialize and earn money commercially. Barriers due to financial 

conditions, changing market needs, and focusing on technical and ignoring the management 

aspects of the business are created (Frank et al., 1996; Hudson and Khazragui, 2013; Ellwood 

et al., 2022; Rajabi et al., 2022). Therefore, in response to many structural, managerial, 

financial, and marketing challenges, policymakers and researchers in technology 

commercialization have provided resolutions to get out of these crises. Since the logic of science 

is different from commercialization, the transition from the stage of scientific research to the 

commercialization of technology must be managed to avoid obstacles. Researchers have 

provided various ways to help overcome these challenges.  

This paper uses the multi-layered fuzzy cognitive mapping (ML-FCM) method to determine 

and identify the most critical factors in commercializing innovative products and resolutions to 

overcome these challenges of small and medium-sized enterprises (SMEs). The ML-FCM 

technique is one multi-criteria decision-making (MCDM) method that extended from the FCM 

https://doi.org/10.22067/JSTINP.2023.80127.1026
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technique (Roozkhosh and Kazemi, 2022). these methods help the decision-maker to assess all 

these criteria (Modares et al., 2022; Bafandegan Emroozi and Fakoor, 2023; Modares et al., 

2023). Since a lot of criteria are involved in supplier selection, it is an MCDM technique. 

MCDM methods are used when the aim chooses the critical criteria among many options based 

on the desired outcome (Modares et al., 2021; Modares et al., 2023). MCDM methods are a 

reliable approach for obtaining the appropriate solution. Using MCDM techniques, criteria are 

comprehensively surveyed from the perspective of multiple, conflicting, and interactive factors, 

and those that do not provide the minimum level of utility are removed from the process due to 

low importance in prioritization (Bafandegan Emroozi et al., 2022; Modares et al., 2023). When 

there are many criteria in making a decision and the decision-makers are confused about the 

options that must meet the criteria, one of the best ways is to compare the options and choose 

the best one and make a decision in the choice (Farimani et al., 2022; Modares et al., 2023; 

Roozkhosh et al., 2022).  

The case study in this paper is Sanat Prozheh Toos Company, which designs and 

manufactures mechanical pollution and noise control equipment. Since the company is small 

and the vision and mission are based on innovation and have high research, and development 

activities, it has been chosen as the case study in this research. The rest of the paper is organized 

as follows. Section 2 describes the literature review of the subject. Section 3 discusses the 

research process. The findings are presented in Section 4. The conclusion is given in Section 5. 

2. Literature review 

2.1. The valley of death in technology commercialization 

For the first time, the meaning and concept of Death Valley were proposed by Bruce 

Merrifield. This definition first referred to the challenges in transferring technologies in the 

agricultural industry. In the subsequent years, this concept was used to describe the gap between 

scientific research and the commercialization of products in organizations (Markham et al., 

2010). The valley of death represents the gap between the research stage and developing a new 

product. Technology start-up companies go through such challenges in the innovation process, 

from the idea generation stage to the commercialization of the product. 

 (Klitsie et al., 2019; Dean et al., 2022). Despite having a product or service prototype, a vast 

number of companies may fail to commercialize the product (Hudson and Khazragui, 2013). 

The results of previous research indicate that the significant commercialization problems in 

https://doi.org/10.22067/JSTINP.2023.80127.1026
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technology start-up companies can usually be categorized into four main areas. These four main 

areas are shown in Figure 1 (Pellikka and Virtanen, 2009). 

 

Business 

atmosphere

Marketing

Manageral

Financial

Major commercialization challenges

 
 Figure 1. Commercialization problems 

2.2. Multi-Layer fuzzy cognitive methods (ML-FCM) 

ML-FCMs can be argued as an extended form of FCMs by using sub-FCMs. Sub-FCMs are 

smaller FCMs organized into layers that extend and decompose some concepts in the 

immediately higher layer (Fig. 1) (Christoforou and Andreou, 2017). This makes it possible to 

get a more detailed model and account for different levels of performance and decision-

making in a single framework. 

 
 Figure 2. Example of a ML-FCM representation with three layers 

ML-FCMs have been used to model complex systems in several scientific fields in recent 

years, as they allow the analysis of system parameters at higher specificity levels (Roozkhosh 

and Motahari). A ML-FCM framework was developed and applied to represent and simulate 

the cloud adoption decision problem (Christoforou and Andreou, 2017). 

https://doi.org/10.22067/JSTINP.2023.80127.1026
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3. Research process 

The research steps are shown in Figure 3. 
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commercialization 
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 Figure 3. Research steps 

3.1. Step 1: Determining commercialization challenges and resolutions, and causal 

relationships 

At this stage, the challenges that exist on the way to the commercialization of innovative 

products are identified, and the causal relationships between these commercialization-inhibiting 

factors are collected based on the opinion of experts. Solutions to get out of these challenges 

are also collected based on previous research and experts' opinions, and causal relationships 

between the factors to get out of the challenges are also determined. 

 

3.1.1. Constructing the matrix of pairwise comparisons and weights vector at each level 

 In this step, the relative weight of each component and sub-components is obtained through 

experts and the group pairwise comparisons matrix. ML-FCM graphs provide either the 

interviewee or modeler having the ability to give additional insights, concepts, and beliefs about 

a specific domain. Furthermore, the interdependencies and interrelations of criteria are also 

specified (Dickerson and Kosko, 1994; Palmer and Bolderston, 2006; Christoforou et al., 2017; 

Iraji, 2019). 

3.2. Step 2. Determining the layered structure of ML-FCM using the literature review 

Tables 1 and 2 show the FCMs of each layer and their respective concepts associated with 

challenges and resolutions, respectively. The concepts were selected based on a literature 

review on challenges and their solutions in connection with commercialization innovation 

products. For example, FCM 1 concepts represent total challenges. FCM 2 concepts represent 

management, FCM 3 concepts represent the business atmosphere and legal requirements, FCM 

4 concepts illustrate finance, FCM 5 concepts show marketing, and FCM 6 concepts represent 

https://doi.org/10.22067/JSTINP.2023.80127.1026
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human resources. Evaluation criteria are obtained by reviewing the literature, knowledge, 

experience of experts, and other appropriate methods. 

Table 1.Layers, FCMS and concepts for commercialization challenges 

C
h

a
ll

en
g

es
 

Layer FCM ID Concepts References 

Layer 

1 

FCM 1𝑐 

(Main 

FCM) 

C1 Managerial  

C2 The business atmosphere and legal requirements  

C3 Financial  

C4 Marketing  

C5 Human resource  

Layer 

2 

FCM 2𝑐 

(Sub FCM) 

C1 Managerial  

C11 Uncoordinated planning (Nevens, 1990; Abetti, 2004) 

C12 Lack of effective use of all facilities (Sharma, 2005) 

C13 Lack of proper organization 
(Nevens, 1990; Abetti and 

Rancourt, 2006) 

C14 Failure to use opportunities in the marketing 

(Nevens, 1990; Kelley and 

Rice, 2002; Waters and 

Smith, 2002; Sharma, 2005) 

C15 Inability to identify strategic factors  

FCM 3𝑐 

(Sub FCM) 

C2 The business atmosphere and legal requirements  

C21 Existence of specific legal requirements 

(Kelley and Rice, 2002; 

Waters and Smith, 2002; 

Chen et al., 2011) 

C22 Lack of environmental monitoring (Heydebrecket al., 2000) 

C23 Insufficient knowledge of the environment 
(Abetti and Rancourt, 2006; 

Madrid-Guijarroet al.,, 2009) 

FCM 4𝑐 

(Sub FCM) 

C3 Financial  

C31 Lack of proper policies and facilities 
(Heydebrecket al., 2000; 

Waters and Smith, 2002) 

C32 
Allocation of excessive financial resources to 

(R&D) 
(Kelley and Rice, 2002) 

C33 lack of investment for commercialization (Madrid-Guijarroet al.,, 2009) 

C34 Limited access to financial resources (White and Bruton, 2011) 

FCM 5𝑐 

(Sub FCM) 

C4 Marketing  

C41 
Lack of continuity in the environmental 

scanning 

(Daymon and Holloway, 

2011) 

C42 
A one-sided focus on the technical aspects of 

product development 

(Heydebrecket al., 2000; 

Sharma, 2005) 

C43 
Failure to understand the market potential of the 

product 
(Sharma, 2005) 

C44 Starting marketing activities at the wrong time 
(Hudson and Khazragui, 

2013) 

C45 
Ignoring the financial benefits of other people 

outside the organization is effective in marketing 
(Khalil Zadeh et al., 2017) 

C46 
Receiving inaccurate information from 

competitors 
(Pellikka and Virtanen, 2009) 

FCM 6𝑐 

(Sub FCM) 

C5 Human resource  

C51 Inexperience workforce (Khalil Zadeh et al., 2017) 

C52 
Lack of identification of opportunities in the 

market 
(Arvanitis et al., 2008) 

C53 Unskilled workforce 
(Stander and Broadhurst, 

2021) 
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Table 2. Layers, FCMS and concepts for commercialization resolutions 
R

es
o

lu
ti

o
n

s 

Layer FCM ID Concepts References 

Layer 

1 

FCM1𝑟 

(Main FCM) 

C1 Innovation  

C2 Organization integrity  

C3 Adjustment  

Layer 

2 

FCM 2𝑟 

(Sub FCM) 

C1 Innovation  

C11 
Adequate and appropriate allocation 

of resources to innovative activities 

(Cooper, 2011; Dattaet al., 

2013; Datta et al., 2015) 

C12 Providing new and creative ideas ((Cooper, 2011) 

C13 
Providing innovations fits the target 

market 
(Khalil Zadeh et al., 2017) 

C14 
Making improvements on past 

products to suit the target market 

( Datta et al., 2015; Khalil 

Zadeh et al., 2017) 

C15 
Ability to identify environmental 

opportunities 
(Chiesa and Frattini, 2011) 

C16 
Creating a balance between risks and 

benefits 
(Arvanitis et al., 2008) 

FCM 3𝑟 

(Sub FCM) 

C2 Organization integrity  

C21 Common work procedures (Kotha et al., 2013) 

C22 
Integrated problem-solving in all 

units of the organization 

(Madrid-Guijarro et al.,, 2009; 

Khalil Zadeh et al., 2017) 

C23 

Common vision and consensus 

regarding the mission of the 

organization 

(Lichtenthaler, 2005; Cooper, 

2011; Stander and Broadhurst, 

2021) 

FCM 4𝑟 

(Sub FCM) 

C3 Adjustment  

C31 Adaptability to the market (Stenroos and Lehtimäki, 2013) 

C32 
Identifying new opportunities to 

offer innovative products 
(Khalil Zadeh et al., 2017) 

C33 Adjustment to new policies 
(Jung et al.,2015; (Khalil Zadeh 

et al., 2017) 

 

3.3. Step 3. Investigating the final score of each criterion through the ML-FCM 

method 

3.3.1. Constructing the adjacency matrix 

A comparison scale has been chosen to compare the relative importance of the components. 

This step requires setting criteria for decision-making (Hejazi and Roozkhosh, 2019). The fuzzy 

comparison scale is included the levels presented in Table 3. 

Table 3. Comparison scale levels 

Linguistic variables Fuzzy number 

Positive very big (PVB) (0.8,0.9,1) 

Positive big (PB) (0.6,0.75,0.9) 

positive medium (PM) (0.3,0.5,0.7) 

positive small (PS) (0.1,0.25,0.4) 

Positive very small (PVS) (0,0.1,0.2) 

Negative very small (NVS) (-0.1, -0.2,0) 

Negative small (NS) (-0.4, -0.25, -0.1) 

Negative medium (NM) (-0.7, -0.5, -0.3) 

Negative big (NB) (-0.9, -0.75, -0.6) 

Negative very big (NVB) (-1, -0.9, -0.8) 
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3.3.2. Adjacency matrix 

The values of the criteria are determined concerning each other, which are quantified by the 

table of fuzzy numbers and are diffused by equation 1: 

𝑅𝑖𝑗
∗𝑘 =

𝑢 + 4𝑚 + 𝑙

6
 (1) 

After drawing the cognitive mapping and coding the adjacent matrix, the model is executed 

to see where the system will converge. If this happens, they reach steady values, and their 

state will not change. These calculations are obtained using an automated neural network. 

𝐴𝑖
𝑡 = 𝑓(∑ 𝐴𝑗

𝑡−1

𝑁

𝑗=1
𝑗≠𝑖

𝑤𝑖𝑗 + 𝐴𝑗
𝑡−1) (2) 

In equation 2, N is the total number of variables, 
1t

jA 
 which is the value jc at the time 1t . 

ijw  is the effect of ic  on jc . ( ic and jc are the factors.). F(.) is a transfer function, which gives 

values of concepts in the range [0 1] and is formulated as follows: 

𝑓(𝑥) =
1

1 + 𝑒−𝑚𝑥
 

(3) 

Where m is a positive real number, and x is the value 𝐴𝑖
(𝑘)

at the equilibrium point. As shown 

in equation 3, a sigmoid function is a threshold function that converts the result to a number in 

the interval [0,1]. Network convergence makes it possible to predict the future stable state of 

the system and make the right decisions. The inference and simulation process uses a bottom-

up approach from layer 2 to layer 1. First, the inference process is performed independently in 

the sub-graphs of layer 2. Then the inference process is performed in layer 1, using the 

equilibrium point results from layer 1 as the input activation levels of the transmission concepts. 

3.4. Step 4. Calculating the credit weight of each sub-FCM related to 

commercialization challenges and resolutions 

The matrix obtained from the third stage is considered the input of fuzzy cognitive mapping 

and UCINET software. The criteria' degree of input, output, and centrality are specified. The 

absolute value of the inputs to each criterion indicates the effect value. Also, the absolute value 

of the output of each criterion is the influence value. The sum of the input and output degrees 

of each criterion indicates the centrality of that criterion. The effect value (input flow), influence 

(output flow), and degree of centrality for challenge and resolution criteria are calculated using 

https://doi.org/10.22067/JSTINP.2023.80127.1026
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the adjacency matrix in each node in Tables 3 and 4, respectively. Finally, a cognitive map of 

the main performance appraisal criteria is drawn. Edges indicate the direction and extent of the 

impact of one criterion on another. Figures 4 and 5 illustrate the ML-FCM model (i.e., main 

FCM) for commercialization challenges and resolutions for innovation products using data and 

following the steps described in the previous section, respectively.  

 
 Figure 4. Investigating the impact of criteria associated with challenges FCM 1𝑐 

 
Figure 5. Investigating the impact of criteria associated with resolutions FCM 1𝑟 

Moreover, the criteria relationships and effect relations between nodes in each sub-FCM are 

calculated. Each node represents a variable in these figures, and the input and output values are 

marked with numbers on the vectors. Figure 6 shows the ML-FCM model (i.e., sub-FCM of 

C4) for commercialization challenges associated with marketing factor through data and 

following the steps described in the previous section. It is calculated in the same way for other 

sub-layers, including managerial, the business atmosphere and legal requirements, financial and 

human resources.  

https://doi.org/10.22067/JSTINP.2023.80127.1026
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Figure 6 - Investigating the impact of sub-criteria associated with challenges sub FCM of C4 (i.e., Marketing) 

Figure 7 shows the ML-FCM model (i.e., sub-FCM of C1) for commercialization resolutions 

related to innovation factor through data and following the steps described in the previous 

section. Other sub-layers, including organization integrity and adaptation likewise are 

calculated.  

 
Figure 7- Investigating the impact of sub-criteria associated with challenges sub FCM of C1 (i.e., Innovation) 

3.5. Step 5. Analysis of the results of ML-FCM related to commercialization 

challenges and resolutions 

The main results of this paper are the framework of the ML-FCM model for challenge and 

resolution factors and the convergence values of the concepts in each FCM after running the 

simulations. Figures 4 and 5 illustrate the ML-FCM model through data and follow the steps 

https://doi.org/10.22067/JSTINP.2023.80127.1026
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described in the previous section. The model construction is analyzed by calculating the sum 

of the weights of incoming (effect value) and outgoing (influence) edges to node i and total 

value (centrality), and are calculated as follows:  

𝑉𝑎𝑙𝑢𝑒𝑖𝑛(𝑖) = ∑ 𝜔𝑗𝑖

𝑗

 
)4( 

𝑉𝑎𝑙𝑢𝑒𝑜𝑢𝑡(𝑖) = ∑ 𝜔𝑖𝑗

𝑗

 

𝑇𝑜𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒(𝑖) = 𝑉𝑎𝑙𝑢𝑒𝑖𝑛(𝑖) + 𝑉𝑎𝑙𝑢𝑒𝑜𝑢𝑡(𝑖) 

(5) 

Centrality for the challenge and resolution criterion are shown in Tables 3 and 4, respectively. 

Based on the results of Table 3, each FCM of the model has density values above the medium 

complexity threshold, so it can be concluded that the ML-FCM model for the commercialization 

of innovative products in this work is a highly complex structure.  

Table 4. Criteria value of each FCM and sub-FCM 

C
h

a
ll

en
g

es
 

Layer FCM ID Concepts 
Value 

(in) 

Value 

(out) 

Total value 

(Centrality) 

Layer 

1 

FCM1 

(Main FCM) 

C1 Managerial 2.5 2.4 4.9 

C2 The business atmosphere and legal requirements 2.1 1.5 3.6 

C3 Financial 1.5 2.5 4 

C4 Marketing 2.4 2.3 4.7 

C5 Human resource 0.5 0.3 0.8 

Layer 

2 

FCM2 (Sub 

FCM of C1) 

 

C11 Uncoordinated planning 2.3 2.4 4.7 

C12 Lack of effective use of all facilities 2.2 0.9 3.1 

C13 Lack of proper organization 2.2 1.6 3.8 

C14 Failure to use opportunities in the marketing 1.9 2.1 4 

C15 Inability to identify strategic factors 0.4 0.3 0.7 

FCM3 (Sub 

FCM of C2) 

 

C21 Existence of specific legal requirements 0.4 0.3 0.7 

C22 Lack of environmental monitoring 0.7 0.3 1 

C23 Insufficient knowledge of the environment 0.4 0.1 0.5 

FCM4 (Sub 

FCM of C3) 

C31 Lack of proper policies and facilities 0.9 0.6 1.5 

C32 Allocation of excessive financial resources to (R&D) 0.6 0.9 1.5 

C33 lack of investment for commercialization 0.4 0.6 1 

C34 Limited access to financial resources 0.9 0.7 1.6 

FCM5 (Sub 

FCM of C4) 

C41 Lack of continuity in the environmental scanning 1 0.7 1.7 

C42 
A one-sided focus on the technical aspects of 

product development 
1.5 1.2 2.7 

C43 
Lack of understanding of the market potential of the 

product 
1.1 1.8 2.9 

C44 Starting marketing activities at the wrong time 1.6 1.3 2.9 

C45 
Ignoring the financial benefits of other people 

outside the organization 
1.2 1.4 2.6 

C46 Receiving inaccurate information from competitors 1.2 0.9 2.1 

FCM6 (Sub 

FCM of C5) 

C52 Inexperience workforce 1.2 1.2 2.4 

C53 Unskilled workforce 1 1.3 2.3 

 Lack of identification of opportunities in the market 1.1 0.9 2 
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The highlighted rows in Tables 3 and 4 identify concepts of most importance in each FCM. 

These factors have the most significant impact on the commercializing of innovative products. 

The two most important concepts of the main FCM are managerial and marketing challenges. 

Furthermore, the two most important concepts of the main FCM are organization integrity and 

adaption resolutions. 

Table 5. Criteria value of each FCM and sub-FCM  

R
es

o
lu

ti
o

n
s 

Layer FCM ID Concepts 
Value 

(in) 

Value 

(out) 

Total value 

(Centrality) 

Layer 

1 
FCM1𝑟 

(Main FCM) 

C1 Innovation 0.4 0.4 0.8 

C2 Organization integrity 1 0.7 1.7 

C3 Adaptation 0.4 0.7 1.1 

Layer 

2 

FCM 2𝑟  

(Sub FCM of C1) 

C11 
Adequate and appropriate allocation of 

resources to innovative activities 
2.4 2.2 4.6 

C12 Providing new and creative ideas 1.5 1.2 2.7 

C13 
Providing innovations fits the target 

market 
1.7 2 3.7 

C14 
Making improvements on past products 

to suit the target market 
1.4 1.4 2.8 

C15 
Ability to identify environmental 

opportunities 
1.2 2.1 3.3 

C16 
Creating a balance between risks and 

benefits 
1.4 1.9 3.3 

FCM 3𝑟  

(Sub FCM of C2) 

C21 Common work procedures 0.6 0.8 1.4 

C22 
Integrated problem-solving in all units of 

the organization 
0.5 0.6 1.1 

C23 
Common vision and consensus 

regarding the mission of the organization 
0.7 0.4 1.1 

FCM 4𝑟  

(Sub FCM of C3) 

C31 Adaptability to the market 0.5 0.3 0.8 

C32 
Identifying new opportunities to offer 

innovative products 
0.2 0.3 0.5 

C33 Adjustment to new policies 0.3 0.4 0.7 

 

4. Finding 

Table 4 shows the degree of effectiveness and the degree of centrality of the criteria for the 

commercialization of innovative products. Among the main FCM variables, management and 

marketing criteria play the most effect and centrality as the main factors of challenges in 

commercializing products in SMEs. In the second layer, all sub-FCM are considered, and the 

criteria with the highest degree of centrality are highlighted in each. Therefore, based on the 

obtained results, it can be concluded that the main challenges in the commercialization of 

innovative products are related to the study of management and marketing challenges. 

Uncoordinated planning, lack of understanding of the product’s market potential, and starting 

marketing activities at the wrong time are considered the main sub-criteria in these challenges. 

Table 5 shows the degree of effectiveness and the degree of centrality of the criteria for the 
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commercialization of innovative products. Among the main FCM variables, the criteria of 

adaption and organization integrity play the most significant effect and centrality as the leading 

solutions to overcome the challenges of product commercialization in SMEs. 

5. Conclusion 

Given the development of innovations and the process of commercial enterprises, the 

development of innovations within each company's ecosystem is different and should be 

examined separately. Therefore, considering the case study, the innovation ecosystem of noise 

pollution control products and services has faced many challenges across the valley of death. 

Owing to the increasing complexity and dynamics of the environment, analyzing and managing 

innovation development cannot be limited to the environment within the company. Therefore, 

the boundaries beyond and broader than the company should be considered, which includes the 

more diverse challenge. ML-FCM is a powerful soft-computing tool for modeling complex 

systems that allow for the extension and decomposition of concepts by applying a multi-layered 

grouping approach. For the significant purpose of this research, we examined a period in the 

innovation ecosystem development process, which is equivalent to passing from a knowledge 

ecosystem to a business ecosystem (valley of death). Based on the results obtained, the 

challenges in this research include five categories of management, policy, legal, financial, 

marketing, and personnel requirements.  

Creating a series of capabilities brings about the potential to perform activities in the 

ecosystem and overcome these challenges. Based on this, three strategies of innovation, 

including integration, adaptability, and effective implementation, were introduced as strategies 

to overcome these challenges. Creating a series of capabilities brings about the potential to 

perform activities in the ecosystem and overcome these challenges. Based on this, three 

strategies of innovation, including organization integration, innovation, and adaption, were 

introduced as strategies to overcome these challenges. Analyzing the density and strength 

indicators in the model construction made it possible to validate the high network complexity 

and the importance of the concepts used to commercialize innovative products. Furthermore, 

the convergence of the concept vectors in the inference process confirmed the initial selection 

of the concepts in the main FCM and the sub-FCMs. This work can help managers better 

understand factors affecting commercialization innovation products and the quantitative 

relationships between decision variables and comprehensive performance. Future work will 
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focus on considering a larger number of concepts and other transfer functions and learning 

algorithms. 

Disclosure statement 

No potential conflict of interest was reported by the author(s). 

References 

 Abetti, P.A., 2004. Government-supported incubators in the Helsinki region, Finland: infrastructure, 

results, and best practices. The Journal of Technology Transfer, 29(1), pp.19-40. 

https://doi.org/10.1023/B:JOTT.0000011179.47666.55. 

Abetti, P.A., Rancourt, C.F., 2006. University incubators as agents for technology transfer and economic 

growth: case studies in USA, Ukraine and Finland. International journal of technology transfer and 

commercialisation, 5(4), pp.308-337. https://doi.org/10.1504/IJTTC.2006.013341. 

Arvanitis, S., Sydow, N., Woerter, M., M., 2008. Is there any impact of university–industry knowledge 

transfer on innovation and productivity? An empirical analysis based on Swiss firm data. Review of 

Industrial Organization, 32, pp.77-94. https://doi.org/10.1007/s11151-008-9164-1. 

Bafandegan Emroozi, V. and Fakoor, A., 2023. A new approach to human error assessment in financial 

service based on the modified CREAM and DANP. Journal of Industrial and Systems Engineering. 

Bafandegan Emroozi, V., Modares, A. and Mohemi, Z., 2022. Presenting a model for diagnosing the 

implementation of total quality management based on performance expansion model (Case: Simorgh 

Rail Transportation Company). Road. https://doi.org/10.22034/ROAD.2022.319629.2007. 

Chen, C.J., Chang, C.C. and Hung, S.W., 2011. Influences of technological attributes and environmental 

factors on technology commercialization. Journal of business ethics, 104, pp.525-535. 

https://doi.org/10.1007/s10551-011-0926-6. 

Chiesa, V. and Frattini, F., 2011. Commercializing technological innovation: Learning from failures in 

high‐tech markets. Journal of Product Innovation Management, 28(4), pp.437-454. 

https://doi.org/10.1111/j.1540-5885.2011.00818.x. 

Christoforou, A. and Andreou, A.S., 2017. A framework for static and dynamic analysis of multi-layer 

fuzzy cognitive maps. Neurocomputing, 232, pp.133-145. 

https://doi.org/10.1016/j.neucom.2016.09.115. 

Christoforou, A., Garriga, M., Andreou, A.S. and Baresi, L., 2017. Supporting the decision of migrating 

to microservices through multi-layer fuzzy cognitive maps. In Service-Oriented Computing: 15th 

International Conference, ICSOC 2017, Malaga, Spain, November 13–16, 2017, Proceedings (pp. 

471-480). Springer International Publishing. https://doi.org/10.1007/978-3-319-69035-3_34. 

Cooper, R.G., 2011. Perspective: The innovation dilemma: How to innovate when the market is mature. 

Journal of Product Innovation Management, 28(s1), pp.2-27. https://doi.org/10.1111/j.1540-

5885.2011.00858.x. 

Datta, A., Mukherjee, D. and Jessup, L., 2015. Understanding commercialization of technological 

innovation: taking stock and moving forward. R&D Management, 45(3), pp.215-249. 

https://doi.org/10.1111/radm.12068. 

https://doi.org/10.22067/JSTINP.2023.80127.1026


 

 

 

 

       Bafandegan Emroozi et al., JSTINP 2023; Vol. 2. No. 1                                   DOI: 10.22067/JSTINP.2023.80127.1026 53 

Evaluation Commercialization Challenges and Resolutions                                                                                JSTINP                                                                                                                                                 

Datta, A., Reed, R. and Jessup, L., 2013. Commercialization of innovations: an overarching framework 

and research agenda. American Journal of Business. 28, 147–191. https://doi.org/10.1108/AJB-08-

2012-0048. 

Daymon, C. and Holloway, I., 2010. Qualitative research methods in public relations and marketing 

communications, 2nd ed. ed. Routledge, New York, NY. 

Dean, T., Zhang, H. and Xiao, Y., 2022. The role of complexity in the Valley of Death and radical 

innovation performance. Technovation, 109, p.102160. 

https://doi.org/10.1016/j.technovation.2020.102160. 

Dehghani, T., 2015. Technology commercialization: From generating ideas to creating economic value. 

International Journal of Organizational Leadership, 4, pp.192-199. 

Dickerson, J.A. and Kosko, B., 1994. Virtual worlds as fuzzy cognitive maps. Presence: Teleoperators 

& Virtual Environments, 3(2), pp.173-189. https://doi.org/10.1162/pres.1994.3.2.173. 

Ellwood, P., Williams, C. and Egan, J., 2022. Crossing the valley of death: Five underlying innovation 

processes. Technovation, 109, p.102162. https://doi.org/10.1016/j.technovation.2020.102162. 

Farimani, N.M., Ghanbarzade, J. and Modares, A., 2022. A New Approach for Pricing Based on 

Passengers’ Satisfaction. Transportation Journal, 61(2), pp.123-150. 

https://doi.org/10.5325/transportationj.61.2.0123. 

Frank, C., Sink, C., Mynatt, L., Rogers, R. and Rappazzo, A., 1996. Surviving the “valley of death”: A 

comparative analysis. The Journal of Technology Transfer, 21, pp.61-69. 

https://doi.org/10.1007/BF02220308. 

Hejazi, T.H. and Roozkhosh, P., 2019. Partial inspection problem with double sampling designs in multi-

stage systems considering cost uncertainty. Journal of Industrial Engineering and Management 

Studies, 6(1), pp.1-17.https://doi.org/10.22116/JIEMS.2019.87659. 

Heydebreck, P., Klofsten, M. and Maier, J., 2000. Innovation support for new technology‐based firms: 

the Swedish Teknopol approach. R&D Management, 30(1), pp.89-100. https://doi.org/10.1111/1467-

9310.00160. 

Hudson, J. and Khazragui, H.F., 2013. Into the valley of death: research to innovation. Drug discovery 

today, 18(13-14), pp.610-613.https://doi.org/10.1016/j.drudis.2013.01.012. 

Iraji, M.S., 2019. Combining predictors for multi-layer architecture of adaptive fuzzy inference system. 

Cognitive Systems Research, 53, pp.71-84. https://doi.org/10.1016/j.cogsys.2018.05.005. 

Jung, M., Lee, Y.B. and Lee, H., 2015. Classifying and prioritizing the success and failure factors of 

technology commercialization of public R&D in South Korea: using classification tree analysis. The 

Journal of Technology Transfer, 40, pp.877-898. https://doi.org/10.1007/s10961-014-9376-5. 

Kelley, D.J. and Rice, M.P., 2002. Advantage beyond founding: The strategic use of technologies. 

Journal of Business Venturing, 17(1), pp.41-57.https://doi.org/10.1016/S0883-9026(00)00053-7. 

Khalil Zadeh, N., Khalilzadeh, M., Mozafari, M., Vasei, M. and Amoei Ojaki, A., 2017. Challenges and 

difficulties of technology commercialization− a mixed-methods study of an industrial development 

organization. Management Research Review, 40(7), pp.745-767. https://doi.org/10.1108/MRR-08-

2016-0192. 

https://doi.org/10.22067/JSTINP.2023.80127.1026


 

 

 

 

       Bafandegan Emroozi et al., JSTINP 2023; Vol. 2. No. 1                                   DOI: 10.22067/JSTINP.2023.80127.1026  54 

JOURNAL OF SYSTEMS THINKING IN PRACTICE                                          RESEARCH ARTICLE 

Klitsie, J.B., Price, R.A. and De Lille, C.S.H., 2019. Overcoming the valley of death: A design 

innovation perspective. Design Management Journal, 14(1), pp.28-41. 

https://doi.org/10.1111/dmj.12052. 

Kotha, R., George, G. and Srikanth, K., 2013. Bridging the mutual knowledge gap: Coordination and 

the commercialization of university science. Academy of Management Journal, 56(2), pp.498-524. 

https://doi.org/10.5465/amj.2010.0948. 

Lichtenthaler, U., 2005. External commercialization of knowledge: Review and research agenda. 

International Journal of Management Reviews, 7(4), pp.231-255. https://doi.org/10.1111/j.1468-

2370.2005.00115.x. 

Madrid-Guijarro, A., Garcia, D. and Van Auken, H., 2009. Barriers to innovation among Spanish 

manufacturing SMEs. Journal of small business management, 47(4), pp.465-488. 

https://doi.org/10.1111/j.1540-627X.2009.00279.x. 

Markham, S.K., Ward, S.J., Aiman‐Smith, L. and Kingon, A.I., 2010. The valley of death as context for 

role theory in product innovation. Journal of Product Innovation Management, 27(3), pp.402-

417.https://doi.org/10.1111/j.1540-5885.2010.00724.x. 

Modares, A., Bafandegan Emroozi, V. and Mohemmi, Z., 2021. Evaluate and control the factors 

affecting the equipment reliability with the approach Dynamic systems simulation, Case study: 

Ghaen Cement Factory. Journal of Quality Engineering and Management, 11(2), pp.89-106. 

https://dorl.net/dor/20.1001.1.23221305.1400.11.2.1.6. 

Modares, A., Farimani, N.M. and Emroozi, V.B., 2023. A vendor-managed inventory model based on 

optimal retailers selection and reliability of supply chain. Journal of Industrial and Management 

Optimization, 19(5), pp.3075-3106. https://doi.org/10.3934/jimo.2022078. 

Modares, A., Motahari Farimani, N. and Bafandegan Emroozi, V., 2023. Applying a multi-criteria group 

decision-making method in a probabilistic environment for supplier selection (Case study: Urban 

railway in Iran). Journal of Optimization in Industrial Engineering. 

https://doi.org/10.22094/joie.2023.1950386.1929. 

Modares, A., Farimani, N.M. and Emroozi, V.B., 2022. Developing a Newsvendor Model based on the 

Relative Competence of Suppliers and Probable Group Decision-making. Industrial Management 

Journal, 1, pp.115-142. https://doi.org/10.22059/imj.2022.331988.1007872. 

Modares, A., Motahari Farimani, N., Emroozi, V.B., 2023. A new model to design the suppliers portfolio 

in newsvendor problem based on product reliability. Journal of Industrial and Management 

optimization, 19(6), pp.4112-4151. https://doi.org/10.3934/jimo.2022124. 

Nevens, T.M., 1990. Commercializing technology: what the best companies do. Planning review. 18(6), 

20–24. https://doi.org/10.1108/eb054310. 

Palmer, C. and Bolderston, A., 2006. A brief introduction to qualitative research. Canadian Journal of 

Medical Radiation Technology, 37(1), pp.16-19.https://doi.org/10.1016/S0820-5930(09)60112-2. 

Pellikka, J. and Virtanen, M., 2009. Problems of commercialisation in small technology-based firms. 

International Journal of Entrepreneurship and Innovation Management, 9(3), pp.267-284. 

https://doi.org/10.1504/IJEIM.2009.025143. 

Rajabi, S., Roozkhosh, P. and Farimani, N.M., 2022. MLP-based Learnable Window Size for Bitcoin 

price prediction. Applied Soft Computing, 129, p.109584. 

https://doi.org/10.1016/j.asoc.2022.109584. 

https://doi.org/10.22067/JSTINP.2023.80127.1026
https://dorl.net/dor/20.1001.1.23221305.1400.11.2.1.6
https://doi.org/10.22059/imj.2022.331988.1007872


 

 

 

 

       Bafandegan Emroozi et al., JSTINP 2023; Vol. 2. No. 1                                   DOI: 10.22067/JSTINP.2023.80127.1026 55 

Evaluation Commercialization Challenges and Resolutions                                                                                JSTINP                                                                                                                                                 

Roozkhosh, P., Kazemi, M., 2022. Application of Internet of Things in Green Supply Chain and 

Investigating the Effective Factors for Selecting a Green Supplier: A Case Study: Mashhad Rubber 

Factory. Supply Chain Managmemt Journal.24(75), pp.61-73.  [in Persian]. 

Roozkhosh, P., Pooya, A. and Agarwal, R., 2022. Blockchain acceptance rate prediction in the resilient 

supply chain with hybrid system dynamics and machine learning approach. Operations Management 

Research, pp.1-21.https://doi.org/10.1007/s12063-022-00336-x. 

Roozkhosh, P. and Motahari Farimani, N., 2022. Designing a new model for the hub location-allocation 

problem with considering tardiness time and cost uncertainty. International Journal of Management 

Science and Engineering Management, pp.1-15. https://doi.org/10.1080/17509653.2022.2089261 

Sharma, N., 2005. Services Marketing in Asia: Managing People, Technology and Strategy. 

Australasian Marketing Journal, 13(2), p.75. https://doi.org/10.1016/S1441-3582(05)70080-X. 

Stander, H.M. and Broadhurst, J.L., 2021. Understanding the Opportunities, Barriers, and Enablers for 

the Commercialization and Transfer of Technologies for Mine Waste Valorization: A Case Study of 

Coal Processing Wastes in South Africa. Resources, 10(4), p.35. 

https://doi.org/10.3390/resources10040035. 

Stenroos, L.A. and Lehtimäki, T., 2013. Building up a firm’s commercialisation competence: from 

product concept to the first reference. International Journal of Technology Marketing 24, 8(2), 

pp.177-196. https://doi.org/10.1504/IJTMKT.2013.054081. 

Waters, R. and Smith, H.L., 2002. Regional development agencies and local economic development: 

scale and competitiveness in high-technology Oxfordshire and Cambridgeshire. European Planning 

Studies, 10(5), pp.633-649.  https://doi.org/10.1080/09654310220145369. 

White, M.A. and Bruton, G.D., 2010. The management of technology and innovation: A strategic 

approach. Cengage Learning, Mason, OH. 

 

 

 

https://doi.org/10.22067/JSTINP.2023.80127.1026
https://doi.org/10.1080/17509653.2022.2089261

