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Abstract 

The 4th Industrial revolution is the newest advancement in the global industrial sector, which denotes revolutionary 
shifts in various sectors like manufacturing and service. Customers' individualized needs are a clear indicator of the 
current state of market instability. Thus, industrial manufacturing systems must be able to adjust to variables like 
scalability, variety, agility, responsiveness of the system, interconnectivity, data exchange automatically between 
manufacturing systems, transparency, and human-machine interaction. Since these elements and tenets form the 
foundation of Industry 4.0 (I4.0), embracing it is indispensable to the long-term sustainability of the global economy. 
Despite the necessity of implementing I4.0, there is a lack of research on the difficulties that may arise, especially in 
the heavy duty flooring solution sector in a developing country like Bangladesh. This study attempts to pinpoint the 
obstacles to I4.0 technology adoption in Bangladesh's heavy duty flooring solution sector. To achieve these goals, 
Decision Making Trial and Evaluation Laboratory (DEMATEL) has been utilized. Using actual data from a field 
survey, a numerical illustration has been presented. After the model's validation, checking its robustness, and ranking 
stability, the best strategy for adopting the I4.0 concept in heavy duty flooring solution industries in Bangladesh is 
selected.   

Keywords 
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1. Introduction
The pace at which technological growth is taking place has provided room for growth and improvement of the fourth 
industrial revolution, or "industry 4.0" (I4.0), is defined by the incorporation of digital technologies into many facets 
of industry and production. This technology encompasses several key components among them Cyber-physical system 
(CPS) is I4.0's foundational technology (Florescu and Barabas 2020). They enables production systems to be flexible 
and adaptable, enabling the mass manufacture of highly customized goods (Nascimento et al., 2019). The CPS, in 
fact, bridges the physical and virtual worlds by connecting organizations, corporeal goals, human performers, 
equipment, and methods across corporate boundaries through IoT communication. They achieve this by transmitting 
data in real-time for decentralized decision-making processes (Trappey et al. 2017).  
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Nowadays, business is moving towards the fourth industrial revolution due to customer demands for personalized 
products, higher quality, shorter delivery times, and automated procedures (Zheng et al. 2021). The previous industrial 
revolutions such as 1st to 3rd produced significantly higher levels of productivity due to mechanization, electrification, 
and computer technology (Veza et al. 2015). However, the emerging technology, I4.0, offers numerous assistances, 
for instance growing productivity, improving excellence, customization and flexibility, supply chain optimization, 
fostering innovation and competitiveness, and workforce empowerment, etc., across various sectors of the economy. 
To get these benefits, both developing and developed countries are trying to adopt this emerging technology in their 
manufacturing and service fields (Zheng et al. 2021).  
 
The consequences of I4.0 on production companies, however, are wide-ranging. It exposes businesses to more intense 
and occasionally adverse conflict as well as the difficulties of managing significant organizational changes 
(Travaglioni et al. 2020). Besides, there is scarce research that discusses the opportunities and difficulties related to 
implementing I4.0 within businesses (Müller et al. 2018). Consequently, there is a noticeable resistance and slow pace 
in the implementation of I4.0 as a whole within the industrial manufacturing sector as a result of the ambiguity 
surrounding the perceived potential and difficulties (Kane et al. 2017). It is often known that the adoption process of 
I4.0 presents technical challenges and cannot be effectively managed if the impact of barriers is overlooked (Kumar 
et al. 2020; Frank et al. 2019). For most manufacturing companies, especially in developing economies, adopting I4.0 
remains something of a dream (Kadir & Broberg, 2020). Adopting this technology in the manufacturing or service 
field in a developing country like Bangladesh is not as easy as in developed countries like the USA, Canada, and Japan 
(Luthra & Mangla 2018; Yüksel 2020). This can be attributed to the uneven presentation of government support, 
culture, infrastructure, skilled labor, economic conditions, and technology support. 
 
So, to reduce the likelihood of failure and stimulate the early adoption of I4.0, it is imperative to comprehend the 
challenges and how they interact. Given its significance, a growing body of research, like that of (Cugno et al. 2021), 
aims to pinpoint the obstacles preventing I4.0 from being adopted in different regions and industrial sectors. Even 
though the aforementioned literature has addressed a variety of I4.0 viewpoints, it appears that the difficulties and 
solutions for using I4.0 technology in developing nations have not been thoroughly considered. Hence, the authors 
therefore aim to close this gap. This research aims to explore the obstacles to adopting I4.0 technology in the heavy 
duty flooring solution industries of Bangladesh by attempting to answer questions (Qs) listed as follows: Q-1: What 
challenges are heavy-duty flooring solution industries facing for I4.0 adoption? Q-2: How will the challenges be 
prioritized? To answer these research questions, the following objectives have been defined: Objective 1: To identify 
the prime challenges for I4.0 adoptions; Objective 2: To investigate the priorities of different challenges. To achieve 
the above-mentioned objectives, potential challenges for I4.0 adoption is identified by a systematic review of existing 
literature. Finally, the DEMATEL is used for finding the priorities of the challenges. 
 
2. Literature Review  
Bangladesh has taken steps to use I4.0 technology in its manufacturing and services sectors. Its economy is one of the 
world’s fastest-growing where 50.63% of the country’s GDP comes from the service sector, 32.80% from industry 
and 12.46% from agriculture. However, the industrial sector’s share is rising (Manik, 2023). The author Manik (2023) 
also claims that Bangladesh’s economy is shifting in favor of industry. The adoption of I4.0 can enhance the 
intensifying economic growth and speed up output. 
The Bangladesh government passed the National I4.0 Policy in 2020 to bring the manufacturing sector of the country 
modernized. Advanced technologies are being used by the government, the private sector and start-ups to improve 
productivity, efficiency and competitiveness (Mazumdar and Alharahsheh 2020). The policy illustrates how to digitize 
and automate industrial processes using IoT, AI and Big Data. I4.0 technologies are part of the Digital Bangladesh 
initiative, which aims to build a digital ecosystem in the country (Mazumdar and Alharahsheh 2020). 
 
2.1 Barriers to the adoption of Industry 4.0  
The I4.0 implementation barriers were explored through the extensive literature review. In order to identify the 
barriers, the authors conducted a thorough literature review. The Scopus database, Web of Science and Google Scholar 
were used for this literature search. After reviewing the relevant literature, the authors came up with a list of barriers 
from Calabrese et al. (2021), Chen et al. (2021), Bhuiyan et al. (2020), Tripathi and Gupta (2021), Hasan et al. (2020), 
Cimini et al. (2021), Yadav et al. (2020), Moktadir et al. (2018), Stentoft et al. (2020), Shabur et al. (2021), Kumar et 
al. (2020), Kumar et al. (2022), Yadav et al. (2020), and Weerabahu et al. (2022) which consists of several barriers to 
I4.0 implementation. Calabrese et al. (2021) claim that to build I4.0 infrastructure, organizations must spend a large 
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amount of money on capital. Moreover, resistance to change is also mentioned as a barrier by the authors. According 
to Stentoft et al. (2020), to foster the development and the usage of I4.0-compatible hardware, equipment makers must 
adopt standards that are both thorough and widely accepted. Kumar et al. (2020) and Shabur et al. (2021) stated that 
motivation for a company is important to make the transition to green manufacturing and waste management. Ciminiet 
al. (2021) and Hasan et al. (2020) found that an organization’s attitude toward exchanging data and materials inside 
the company is inadequate. Weerabahu et al. (2022) identified digital strategies that consider both the vertical and 
horizontal parts of the value chain are becoming more and more important to create and use. In the final stage, 14 
major barriers to the adoption of I4.0 were selected based on the mentioned articles and professional opinions as 
shown in Table 1. 

Table 1. Technologies of SCM 4.0 
 

Technologies Notation References 
High-level investment O1 Calabrese et al. (2021), Chen et al. (2021), Bhuiyan et al. (2020) 
Inadequate knowledge  O2 Tripathi and Gupta (2021), Hasan et al. (2020) 

Lack of organizational openness O3 Cimini et al. (2021), Hasan et al. (2020) 
Lack of digital communication O4 Yadav et al. (2020a), Moktadir et al. (2018) 

Lack of skills and aptitude O5 Calabrese et al. (2021), Stentoft et al. (2020) 
Lack of motivation O6 Kumar et al. (2020), Shabur et al. (2021) 

Organizational culture O7 Tripathi and Gupta (2021) 
I4.0 training O8 Kumar et al. (2020) 

Resistance to change O9 Kumar et al. (2022), Joshi et al. (2022), Bhuiyan et al. (2020) 
Effective change management O10 Stentoft et al. (2020) 

Stakeholders’ awareness  O11 Kumar et al. (2022), Yadav et al. (2020b), Bhuiyan et al. (2020) 
Inadequate standardization efforts O12 Stentoft et al. (2020) 

Lack of regulatory framework O13 Calabrese et al. (2021), Bhuiyan et al. (2020) 
Lack of digital strategy O14 Weerabahu et al. (2022) 

 
2.2 Literature Survey for MCGDM Models Application 
In today’s complex and dynamic world, decision-makers often face situations where choices need to be made among 
alternatives that involve multiple, often conflicting, criteria. In such scenarios, multi-criteria group decision making 
(MCGDM) model offers a systematic and structured framework to address these challenges and support informed 
decision-making processes. This modeling can encompass a wide range of domains. To solve decision management 
problems in a variety of fields, numerous MCGDM models have been proposed by different researchers. From a 
comprehensive literature review, some key areas and modeling approaches have been demonstrated in Table 2.  
 

Table 2. Application of different MCGDM techniques for supply chain management 
 

Reference MCGDM models Field of applications 
Nesticò & Somma (2019) AHP, ELECTRE, TOPSIS, and VIKOR Enhancement of historical buildings 

Ghaleb et al. (2020) AHP, TOPSIS, and VIKOR Manufacturing process 
Harirchian et al. (2020) WSM, WPM, AHP, and TOPSIS RC structures 

Kaya (2020) MABAC and WASPAS Effect of COVID-19 
Madhu et al. (2020) TOPSIS, VIKOR, EDAS, and PROMETHEE-II Material selection 

Vakilipour et al. (2021) TOPSIS, SAW, VIKOR, and ELECTRE Urban life quality 
Islam & Arakawa (2022a) Vague set, HFS, and WGHFPG Supplier selection 
Islam & Arakawa (2022b) IFS, fuzzy AHP and fuzzy TOPSIS Supplier selection 
Islam & Arakawa (2023) AHP, TOPSIS, and Rolling Planning Supplier selection 

 
3. Research Methodology 
To attain the objectives of this study, a systematic review of the related literature, expert opinion, and an MCGDM 
approach is used. Steps involved in this framework are explained as follows: 
Step 1: Major barriers for applying I4.0 technologies are identified through a literature review. 
Step 2: Key experts, like top and mid-level managers from a renowned company, were interviewed to get their expert 
opinions on this perspective. A questionnaire was developed for this purpose. 
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Step 3: A direct relationship matrix is developed by each expert individually to identify the most influential factors as 
well as estimate their weights. 
Step 4: After an individual expert develops a direct relationship matrix, it is aggregated to build up an aggregated 
direct relationship matrix. 
Step 5: The DEMATEL technique is used to estimate the weights of each factor. 
  
4. Methods and Materials 
In this study, initially, identified factors are investigated through the DEMATEL method. Because the best approach 
for analyzing how different components of a complex system are dependent on one another is DEMATEL (Li & 
Mathiyazhagan, 2017). This method is applied to assign the weights of considered factors.  
 
4.1 Steps in DEMATEL 
Step 1: Direct-relation matrix creation: To determine each factor’s direct influence, the experts first evaluate the 
correlation between the sets of paired factors. This assessment is performed using the following rating as follows: 0- 
No influence, 1- Low influence, 2- Medium influence, 3- High influence, 4-Very high influence, and 5-Extremely 
high influence. This matrix A is formed as shown in Eq. (1). 
 

𝐴𝐴 =  �
0 … 𝑎𝑎1𝑣𝑣
… ⋱ …
𝑎𝑎𝑣𝑣1 … 0

�
𝑣𝑣×𝑣𝑣

 (1) 

Here 𝑖𝑖,𝑝𝑝 = 1, 2, … , 𝑣𝑣; both parameters define the factors. 
 
Step 2: If there are multiple decision-makers and each decision-maker develop direct-relation matrix individually, 
then, mean rating is determined to develop a final aggregated direct-relation matrix. For doing this, the Eq. (2) is used 
to determine the mean rating for the aggregated direct-relation matrix. 

𝑚𝑚𝑖𝑖𝑖𝑖 =
1
𝐷𝐷
�𝑎𝑎𝑖𝑖𝑖𝑖𝑑𝑑
𝐷𝐷

𝑑𝑑=1

 (2) 

Here, 𝑚𝑚𝑖𝑖𝑖𝑖 is the mean rating given by D no. of decision-makers. The capital D denotes total no. of decision-makers 
(d = 1, 2, ..., D), and 𝑎𝑎𝑖𝑖𝑖𝑖𝑑𝑑  denotes rating given by the 𝑑𝑑𝑡𝑡ℎ decision-maker on factor i with respect to factor p. After 
estimating mean rating𝑚𝑚𝑖𝑖𝑖𝑖, then final M matrix is formed as shown in Eq. (3). 

𝑀𝑀 =  �
0 … 𝑚𝑚1𝑣𝑣
… ⋱ …
𝑚𝑚𝑣𝑣1 … 0

�
𝑣𝑣×𝑣𝑣

 (3) 

 
Step 3: Normalization of direct-relation matrix M. For doing normalization Eq. (4) is used and normalized matrix is 
denoted by Y. 
𝑌𝑌 = 𝑘𝑘.𝑀𝑀  (4) 

Where, 

𝑘𝑘 =
1

max
1≤𝑖𝑖≤𝑣𝑣

∑ 𝑎𝑎𝑖𝑖𝑖𝑖𝑣𝑣
𝑝𝑝=1

 Here, 𝑖𝑖,𝑝𝑝 = 1, 2, … , 𝑣𝑣 (5) 

 
Step 4:  Construction of total relation matrix T. T matrix is constructed with the Identity matrix I by using Eq. (6). 
𝑇𝑇 =  𝑌𝑌(𝐼𝐼 − 𝑌𝑌)−1 (6) 

 
Step 5: The sums of the rows and columns in the T matrix are determined by using Eqs. (7) and (8), respectively.  

𝑅𝑅𝑖𝑖 = ��𝑡𝑡𝑖𝑖𝑖𝑖

𝑣𝑣

𝑝𝑝=1

�
𝑣𝑣×1

= [𝑡𝑡𝑖𝑖]𝑣𝑣×1 , 𝑖𝑖 = 1, 2, … , 𝑣𝑣 (7) 

𝐶𝐶𝑝𝑝 = ��𝑡𝑡𝑖𝑖𝑖𝑖

𝑣𝑣

𝑖𝑖=1

�
1×𝑣𝑣

= [𝑡𝑡𝑝𝑝]1×𝑣𝑣 , 𝑝𝑝 = 1, 2, … , 𝑣𝑣 (8) 

Step 6: Threshold value (α) estimation: α is estimated by taking the mean value considering all elements from T 
matrix. Here, the capital N denotes the number of total elements in the T matrix. 
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α =
∑ ∑ [𝑡𝑡𝑖𝑖𝑖𝑖]𝑣𝑣

𝑝𝑝=1
𝑣𝑣
𝑖𝑖=1

𝑁𝑁
 (9) 

 
Step 7: Lastly, Eq. (10) is used to evaluate the relative weight of the factor, and Eq. (11) is used to calculate the 
normalized weight. 

𝑅𝑅𝑊𝑊𝑝𝑝 = �(𝑅𝑅𝑖𝑖 + 𝐶𝐶𝑝𝑝)2 + (𝑅𝑅𝑖𝑖 − 𝐶𝐶𝑝𝑝)2 (10) 

𝑤𝑤𝑝𝑝 =
𝑅𝑅𝑅𝑅𝑝𝑝

∑ 𝑅𝑅𝑅𝑅𝑃𝑃
𝑣𝑣
𝑃𝑃=1

 

 
(11) 

5. Results and Discussion  
 
5.1 Estimation of Weights by Using the DEMATEL Method 
In this problem, three industry experts were involved to evaluate fourteen challenges which are expressed in the form 
of O1, O2, O3, O4, O5, O6, O7, O8, O9, O10, O11, O12, O13 and O14.  Initially, three experts of a renowned heavy 
duty flooring solution company were asked to evaluate the fourteen challenges using the following scale: 0-No 
influence, 1-Low influence, 2-Medium influence, 3-High influence, 4-Very high influence, and 5-Extremely high 
influence. Using these scale and based on Eq. (1), three experts developed direct relation matrix individually as 
presented in Table 3-5, respectively. After the construction of initial direct relationship matrix, then these matrices 
were aggregated to construct a final direct relation matrix. For instance, relational value between O1 and O2 was given 
as a rating of 4 by expert 1 as presented in (1, 2) cell in Table 3. Similarly, relational value between O1 and O2 were 
given 3, and 2 as presented in Table 4, and 5, by expert 2 and 3, respectively. Now, using Eq. (2), aggregated rating 
was obtained as follows: 𝒎𝒎𝟏𝟏𝟏𝟏 = 𝟒𝟒+𝟑𝟑+𝟐𝟐

𝟑𝟑
= 𝟑𝟑.𝟎𝟎𝟎𝟎.  

 
Similarly, other ratings were also aggregated and finally aggregated direct relation matrix was constructed as shown 
in Table 6. Now, using Eqs. (4), and (5), aggregated ratings were normalized. For normalization, initially, row-wise 
all aggregated ratings were summed up then from these summation values, the maximum values were selected based 
on Eq. (5). For example, using data from Table 6, row-wise summation value of the first row is determined as follows: 
3.00 + 3.33 + 2.67 + 2.67+3.67 + 3.67 + 2.67 +3.00 + 2.67 + 3.00 + 3.33 + 3.00 + 3.00 = 39.67. Similarly, other values 
were also calculated which are shown in last column in Table 6. The maximum value from these calculations was 
obtained 44.67. Using this value, the normalized rating was determined. For instance, in cell no. (1, 2) i.e. the 
aggregated rating between O1 and O2 was 3.00 and its normalized value is estimated as follows: 3.00

44.67
= 0.067 ≈

0.07. Similarly, other cell values in Table 6 were also normalized, and the final normalized values are presented in 
Table 7. Then, to find the total relation matrix Eq. (6) is used. For doing this at first identity matrix of same size 
(14 × 14) was taken and then subtract by the corresponding value of normalized matrix. Then the obtained matrix 
was inversed and multiplies by the original normalized matrix. Thus the total relationship matrix was formed as 
presented in Table 8. Using values from Table 8 and based on Eq. (7), the row sum value was determined.  
 
For example, the sum of the first row is determined as follows:𝑅𝑅1 = 0.69 + 0.80 + 0.84 + 0.77 + 0.79 + 0.92 + 0.90 + 
0.88 + 0.79 + 0.83 + 0.86 + 0.89 + 0.94 + 0.93 = 11.83. Similarly, other row sum values were determined as 
demonstrated in Table 9. Again, using Eq. (8), the column sum value is determined as follows: 𝐶𝐶1 =  0.69 + 0.72 + 
0.77 + 0.77 + 0.76 + 0.77 + 0.73 + 0.85 + 0.76 + 0.83 + 0.84 + 0.78 + 0.80 + 0.81 = 10.88.  Similarly, other column 
sum values were determined as presented in Table 9. Then, 𝑅𝑅𝑖𝑖 − 𝐶𝐶𝑝𝑝 and 𝑅𝑅𝑖𝑖 + 𝐶𝐶𝑝𝑝 values were determined as presented 
in Table 9. Then, using Eq. (9), threshold value (α) is determined as follows: α = 172.45

196
= 0.88. Threshold value α =

0.88 is compared with the total relation matrix in Table 8. If the cell value of the total relation matrix is higher than α  
value then it is marked as bold as shown in Table 8. Based on this information the casual diagram is constructed as 
shown in Figure 1. Then, weights of the challenges are obtained by using Eq. (10) and (11) as shown in Table 9 and 
in Figure 2.  
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Table 3. Initial direct relationship matrix developed by expert 1 
 

 O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 O14 
O1 - 4 3 5 5 2 2 5 4 5 4 3 4 4 
O2 1 - 4 3 5 5 2 2 5 4 5 4 3 4 
O3 2 1 - 4 3 5 5 2 2 5 4 5 4 3 
O4 1 2 3 - 4 3 5 5 2 2 5 4 5 4 
O5 2 1 4 3 - 4 3 5 5 2 2 5 4 5 
O6 3 2 1 5 4 - 4 3 5 5 2 2 5 4 
O7 4 3 2 1 5 4 - 4 3 5 5 2 2 5 
O8 3 4 5 2 1 5 4 - 4 3 5 5 2 2 
O9 4 3 2 1 5 4 5 4 - 4 3 5 5 2 
O10 5 4 3 2 1 5 5 4 3 - 4 3 5 5 
O11 4 5 4 3 2 5 5 4 3 4 - 3 5 5 
O12 3 4 5 2 1 5 4 3 2 4 5 - 3 5 
O13 3 4 5 2 1 5 4 3 2 4 5 3 - 5 
O14 3 4 5 2 1 4 3 5 5 2 3 5 4 - 

 
Table 4. Initial direct relationship matrix developed by expert 2 

 
 O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 O14 

O1 - 3 4 2 2 5 5 2 3 2 3 4 3 3 
O2 1 - 3 4 2 2 5 5 2 3 2 3 4 3 
O3 5 4 - 3 4 2 2 5 5 2 4 2 3 4 
O4 4 5 2 - 3 4 2 2 5 5 2 5 4 2 
O5 4 5 2 3 - 3 4 2 2 5 5 2 3 5 
O6 2 4 5 2 3 - 3 4 2 2 5 5 2 3 
O7 1 2 3 4 2 3 - 3 4 2 2 5 5 2 
O8 5 2 2 5 5 4 3 - 3 4 2 2 5 5 
O9 2 5 4 2 3 2 2 3 - 3 4 5 2 2 

O10 3 2 5 4 2 2 2 4 3 - 3 4 5 5 
O11 3 2 2 5 5 5 2 2 4 3 - 3 4 5 
O12 4 3 2 4 5 2 2 2 5 4 3 - 5 4 
O13 3 4 3 2 5 3 4 5 2 5 4 5 - 3 
O14 3 3 4 5 2 4 5 5 2 5 5 4 3 - 

 
Table 5. Initial direct relationship matrix developed by expert 3 

 
 O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 O14 

O1 - 2 3 1 1 4 4 1 2 1 2 3 2 2 
O2 3 - 2 4 1 1 4 4 1 2 1 2 3 2 
O3 1 3 - 2 3 4 4 1 1 4 3 1 2 3 
O4 2 1 4 - 2 2 4 4 1 1 4 3 1 4 
O5 2 1 4 2 - 2 2 4 4 1 1 4 3 1 
O6 4 2 1 4 2 - 2 2 4 4 1 1 4 3 
O7 3 4 3 1 4 2 - 2 2 1 1 4 4 1 
O8 4 3 2 4 4 2 2 - 3 4 2 2 4 4 
O9 1 4 3 1 4 4 2 3 - 3 4 1 1 4 
O10 2 1 4 1 1 4 4 4 3 - 3 2 4 4 
O11 1 2 3 4 4 4 1 2 4 3 - 2 3 4 
O12 3 2 1 3 4 1 1 2 1 2 3 - 4 3 
O13 2 3 2 1 4 3 4 4 1 1 2 4 - 3 
O14 2 2 3 4 1 3 4 4 1 1 2 3 4 - 
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Table 6.  Aggregated direct relationship matrix  
 

 O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 O14 RS 
O1 - 3.00 3.33 2.67 2.67 3.67 3.67 2.67 3.00 2.67 3.00 3.33 3.00 3.00 39.67 
O2 1.67 - 3.00 3.67 2.67 2.67 3.67 3.67 2.67 3.00 2.67 3.00 3.33 3.00 38.67 
O3 2.67 2.67 - 3.00 3.33 3.67 3.67 2.67 2.67 3.67 3.67 2.67 3.00 3.33 40.67 
O4 2.33 2.67 3.00 - 3.00 3.00 3.67 3.67 2.67 2.67 3.67 4.00 3.33 3.33 41.00 
O5 2.67 2.33 3.33 2.67 - 3.00 3.00 3.67 3.67 2.67 2.67 3.67 3.33 3.67 40.33 
O6 3.00 2.67 2.33 3.67 3.00 - 3.00 3.00 3.67 3.67 2.67 2.67 3.67 3.33 40.33 
O7 2.67 3.00 2.67 2.00 3.67 3.00 - 3.00 3.00 2.67 2.67 3.67 3.67 2.67 38.33 
O8 4.00 3.00 3.00 3.67 3.33 3.67 3.00 - 3.33 3.67 3.00 3.00 3.67 3.67 44.00 
O9 2.33 4.00 3.00 1.33 4.00 3.33 3.00 3.33 - 3.33 3.67 3.67 2.67 2.67 40.33 

O10 3.33 2.33 4.00 2.33 1.33 3.67 3.67 4.00 3.00 - 3.33 3.00 4.67 4.67 43.33 
O11 2.67 3.00 3.00 4.00 3.67 4.67 2.67 2.67 3.67 3.33 - 2.67 4.00 4.67 44.67 
O12 3.33 3.00 2.67 3.00 3.33 2.67 2.33 2.33 2.67 3.33 3.67 - 4.00 4.00 40.33 
O13 2.67 3.67 3.33 1.67 3.33 3.67 4.00 4.00 1.67 3.33 3.67 4.00 - 3.67 42.67 
O14 2.67 3.00 4.00 3.67 1.33 3.67 4.00 4.67 2.67 2.67 3.33 4.00 3.67 - 43.33 

Max. 44.67 
Note: RS = Row sum value 

Table 7.  Normalized matrix 
 

 O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 O14 
O1 0.00 0.07 0.07 0.06 0.06 0.08 0.08 0.06 0.07 0.06 0.07 0.07 0.07 0.07 
O2 0.04 0.00 0.07 0.08 0.06 0.06 0.08 0.08 0.06 0.07 0.06 0.07 0.07 0.07 
O3 0.06 0.06 0.00 0.07 0.07 0.08 0.08 0.06 0.06 0.08 0.08 0.06 0.07 0.07 
O4 0.05 0.06 0.07 0.00 0.07 0.07 0.08 0.08 0.06 0.06 0.08 0.09 0.07 0.07 
O5 0.06 0.05 0.07 0.06 0.00 0.07 0.07 0.08 0.08 0.06 0.06 0.08 0.07 0.08 
O6 0.07 0.06 0.05 0.08 0.07 0.00 0.07 0.07 0.08 0.08 0.06 0.06 0.08 0.07 
O7 0.06 0.07 0.06 0.04 0.08 0.07 0.00 0.07 0.07 0.06 0.06 0.08 0.08 0.06 
O8 0.09 0.07 0.07 0.08 0.07 0.08 0.07 0.00 0.07 0.08 0.07 0.07 0.08 0.08 
O9 0.05 0.09 0.07 0.03 0.09 0.07 0.07 0.07 0.00 0.07 0.08 0.08 0.06 0.06 
O10 0.07 0.05 0.09 0.05 0.03 0.08 0.08 0.09 0.07 0.00 0.07 0.07 0.10 0.10 
O11 0.06 0.07 0.07 0.09 0.08 0.10 0.06 0.06 0.08 0.07 0.00 0.06 0.09 0.10 
O12 0.07 0.07 0.06 0.07 0.07 0.06 0.05 0.05 0.06 0.07 0.08 0.00 0.09 0.09 
O13 0.06 0.08 0.07 0.04 0.07 0.08 0.09 0.09 0.04 0.07 0.08 0.09 0.00 0.08 
O14 0.06 0.07 0.09 0.08 0.03 0.08 0.09 0.10 0.06 0.06 0.07 0.09 0.08 0.00 

 
Table 8. Total relationship matrix 

 
 O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 O14 

O1 0.69 0.80 0.84 0.77 0.79 0.92 0.90 0.88 0.79 0.83 0.86 0.89 0.94 0.93 
O2 0.72 0.72 0.82 0.78 0.78 0.88 0.88 0.88 0.77 0.82 0.83 0.87 0.92 0.91 
O3 0.77 0.81 0.80 0.80 0.83 0.94 0.92 0.90 0.81 0.87 0.89 0.90 0.96 0.96 
O4 0.77 0.82 0.86 0.74 0.83 0.93 0.93 0.93 0.81 0.86 0.90 0.93 0.97 0.97 
O5 0.76 0.80 0.86 0.79 0.75 0.92 0.90 0.92 0.82 0.85 0.86 0.91 0.96 0.96 
O6 0.77 0.80 0.84 0.81 0.81 0.86 0.90 0.90 0.82 0.87 0.86 0.90 0.96 0.95 
O7 0.73 0.77 0.81 0.74 0.79 0.88 0.80 0.86 0.77 0.81 0.82 0.87 0.92 0.90 
O8 0.85 0.87 0.92 0.87 0.88 1.01 0.97 0.91 0.88 0.93 0.94 0.97 1.04 1.03 
O9 0.76 0.83 0.85 0.76 0.83 0.93 0.90 0.91 0.74 0.86 0.88 0.91 0.94 0.94 

O10 0.83 0.85 0.93 0.83 0.84 1.00 0.98 0.98 0.86 0.85 0.94 0.96 1.05 1.04 
O11 0.84 0.89 0.93 0.89 0.90 1.04 0.98 0.98 0.90 0.94 0.89 0.98 1.06 1.07 
O12 0.78 0.81 0.85 0.79 0.82 0.92 0.89 0.89 0.80 0.86 0.89 0.84 0.97 0.97 
O13 0.80 0.86 0.90 0.81 0.86 0.98 0.96 0.97 0.82 0.90 0.93 0.96 0.94 1.01 
O14 0.81 0.86 0.93 0.86 0.84 0.99 0.98 0.99 0.85 0.90 0.93 0.98 1.03 0.94 
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Table 9. Values of row sum, column sum, and estimated weights of the challenges 

 
 𝑅𝑅𝑖𝑖 𝐶𝐶𝑝𝑝 𝑅𝑅𝑖𝑖 + 𝐶𝐶𝑝𝑝 𝑅𝑅𝑖𝑖 − 𝐶𝐶𝑝𝑝 Identity 𝑅𝑅𝑅𝑅𝑝𝑝 𝑤𝑤𝑝𝑝 

O1 11.83 10.88 22.72 0.95 Cause 22.74 0.0659 
O2 11.59 11.50 23.09 0.09 Cause 23.09 0.0669 
O3 12.15 12.13 24.29 0.02 Cause 24.29 0.0704 
O4 12.25 11.23 23.49 1.02 Cause 23.51 0.0681 
O5 12.06 11.56 23.62 0.50 Cause 23.63 0.0685 
O6 12.06 13.18 25.24 -1.12 Effect 25.27 0.0732 
O7 11.47 12.88 24.35 -1.40 Effect 24.39 0.0707 
O8 13.07 12.91 25.98 0.16 Cause 25.98 0.0753 
O9 12.04 11.46 23.50 0.59 Cause 23.51 0.0681 

O10 12.94 12.17 25.11 0.76 Cause 25.12 0.0728 
O11 13.28 12.42 25.70 0.85 Cause  25.71 0.0745 
O12 12.08 12.88 24.97 -0.80 Effect 24.98 0.0724 
O13 12.71 13.67 26.38 -0.96 Effect 26.40 0.0765 
O14 12.90 13.56 26.46 -0.66 Effect 26.47 0.0767 

 
 
 

 
Figure 1. Cause effect diagram 
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Figure 2. Weight of the challenges. 

5.3 Discussion 
In this study, the main objective was to identify the prime challenges to implement I4.0 technology in developing 
country like Bangladesh. To achieve this goal, practical data were collected from three experts who were working in 
a reputed heavy duty flooring solution company. Initially, identified fourteen challenges were classified into two 
groups, the cause-and-effect group as shown in Table 9 in the sixth column. The challenge groups O1-O5 and O8-
O11 were the cause groups, whereas O6-O7 and O12-O14 were the effect groups. In Bangladesh, for the Heavy Duty 
Flooring Solution  industry identified nine challenges such as “Lack of regulations and standards”, “Government 
support”, “Security and privacy”, “Environmental impact”, “Inadequate infrastructure”, “Lack of a skilled workforce”, 
“Competency in new business models”, “Resistance to change”, and “Support from management” which belongs to 
the cause group is the most responsible challenges for practicing I4.0. For these nine challenges, other five factors 
such as “contractual and legal uncertainty", “coordination and collaboration difficulties", “lack of awareness", “data 
management", and “implementation cost” that belonged to the effect group are influenced. 
 
6. Conclusion 
The objective of this study was to identify the key challenging factors for I4.0 adaptation in heavy duty flooring 
solution industries of Bangladesh. Another objective was to assign weights on challenging factors and prioritization 
of them by using an MCGDM model. In this research, we sought to investigate the critical role of Industry 4.0 practices 
in Bangladesh. Using a MCGDM method which is DEMATEL, critical challenging factors for I4.0 adaptation in 
heavy duty flooring solution industries within a developing country were identified and analyzed. The analysis 
revealed challenging factors and their cause-effect relationship.  
Prediction on the future research opportunities would however be to try this issue out in as many industries and 
locations possible to get more information. In addition, the model applied in this study could be utilized in other areas, 
like in logistics operations, supplier selection, and operational resilience, among others. Hence through this study, 
organizations would be able to better cope with adoption challenges and achieve the necessary competitive edge in 
the current environment characterized by Industry 4.0. 
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