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 Digital Transformation (DT) allows logistics service providers (LSPs) to gain competitive 
advantages by reducing costs, and creating customer experience, innovation and efficiency. This 
paper proposes a systematic framework to analyse the obstacle factors hindering DT of Thailand 
small and medium enterprises freight LSPs. First, thirteen obstacles are identified through the 
extensive literature and validated by a panel of experts. Second, a nine-level hierarchical 
structure is determined based on Interpretive Structural Modelling to demonstrate the complex 
interrelationships among obstacle factors. Finally, thirteen obstacles are categorized regarding 
the driving and dependence power by employing Matrix Impact of Cross Multiplication Applied 
to Classification approach. The results indicate a lack of digital culture being the most important 
obstacle hindering DT, followed by lack of support and commitment from top management and 
lack of risk taking initiative. This finding could help LSPs who aim for DT to take appropriate 
steps to alleviate obstacles. 
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1. Introduction 
 

In recent years, the rapid advancement of digital technologies such as big data, Internet of Things, artificial intelligence, 
etc. has shaped the logistics service industry’s competitive landscape. This has greatly affected the way freight logistics 
service providers (LSPs) firms conduct their business (Vendrell-Herrero et al., 2016; and Büyüközkan & Göçer, 2018). To 
survive in a competitive environment, LSPs are forced to digitize (Hofmann & Osterwalder, 2017; Marchet et al., 2017). 
Digital transformation (DT) refers to the process of digital technologies integration into organizational business processes 
to improve business efficiency and create new delivery values for customers (Clohessy et al., 2017; Mathauer and Hofmann, 
2019). DT has emerged as a key trend of modernization in the logistics sector of the economy. By 2025, the digital business 
in logistics is expected to grow by $USD15 trillion (Ghezzi, & Cavallo, 2020). Preindl et al. (2020) recommended that LSPs 
should exploit the opportunities arising from DT by developing strategies, business models and cultures. Transforming 
digitally enables LSPs to increase efficiency and lower costs, improve traceability and flexibility, and enhance customer 
experience, as well as implement new business models (Calatayud et al., 2019; Attaran, 2020). Despite the numerous 
benefits of DT, many LSPs have failed to digitize as there are a number of obstacles that are embedded in their organizations. 
According to a recent study by Ivanov, et al. (2018), it is difficult for organizations to conduct DT processes because they 
have to adapt to the dynamic environment. Hess et al. (2016) supported that DT is a complex and uncertain process that 
poses many barriers to success. Many enterprises ignore their potentials for DT implementation because of facing different 
obstacle factors (Vial, 2019). Hence, in order to conquer them, digital organizations need to identify the obstacles involved 
and understand their nature and roots. Martinsuo and Luomaranta (2018) investigated that different characteristics of 
organizations will influence DT. Small and medium-sized enterprises (SMEs) confront more difficulty in DT than large 
firms due to a number of barriers (Cichosz et al., 2020). According to the study by Warner & W𝑎 ̈ger (2019), most SMEs 
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lack a plan to adopt new digital technologies because they think they are not ready to adapt to the DT paradigm. Previous 
researches have studied the barriers that hinder DT in supply chain (Cichosz et al., 2020; Agrawal et al., 2020), only a few 
studies have examined the context of freight logistics service providers particularly in SMEs. In addition, exploring the 
interrelationship among these barriers has not been fully explored. The present work attempts to fill the gaps by (i) 
identifying the significance of the DT hindrances facing by LSPs through extensive literature review, and (ii) discovering 
the interdependence of DT hindrances by applying interpretive structural modelling (ISM). An empirical study is conducted 
by using SMEs freight LSPs in Thailand as an empirical case study as most of them are lagging behind in DT. The finding 
of this study provides LSP managers and practitioners for SMEs to deeply understand and systematically resolve those 
obstacles in order to increase the rate of DT success.  

The remainder of this paper is structured as follows: Section 2 presents literature review of obstacle factors to DT. The 
research framework is described in Section 3. Empirical case study is illustrated in Section 4. Section 5 provides the 
discussions of findings. Finally, conclusions are given in Section 6. 

2. Literature review  

The extensive literature was carried out through the accepted academic databases i.e. Web of Science, Science-Direct, 
Taylor & Francis and Emerald. Thirteen obstacle factors associated with DT are identified and described as follows:  

2.1 Lack of adequate funding sources (O1) 

DT requires a large investment in know-how and technology (Agrawal et al., 2020). Investing in digital technology upgrades 
carries a high risk and uncertain return on investment (Cichosz et al., 2020). Typically, SMEs logistics enterprises have 
insufficient financial resources and difficulties to obtain funds. A lack of adequate funds is also one of the major obstacles 
for SMEs to digitize (Karltorp, 2017). 

2.2 Lack of digital culture (O2)  

Digital culture refers to an organizational culture that embraces values and norms for adopting digital technology (Bughin, 
& Zeebroeck, 2017). Duerr et al. (2018) emphasized that digital culture is essential to DT of an organization. Therefore, 
there is a large requirement for DT to foster a digital culture that supports organizational changes. If LSPs have failed to 
develop a digital culture, any efforts for digital transformation will not be successful (Wokurka, 2017).  

2.3 Lack of ICT infrastructure (O3)  

The Information Communication Technology (ICT) infrastructure is one of the prerequisites required for digital 
transformation (Loonam et al., 2018). The success of the digital transformation relies on the availability of the ICT 
infrastructure, including telecommunication facilities, software and hardware (Kamble et al., 2018). Compared to large 
organizations, SMEs are slower to adopt new advanced technologies, mainly due to lacking ICT infrastructure. In addition, 
Vogelsang et al, (2019) reports that the lack of ICT infrastructure is a major obstacle for SMEs in many developing 
countries.  

2.4 Lack of economic of scale /Small-scale business operation (O4)  

Most SME LSPs with low services of volumes and operations may be reluctant to adopt new technology. They view that 
an investment in digital transformation is not as economies of scale. According to a study of Cichosz et al. (2020), the 
business operation scale is an important factor of the enterprises’ involvement and decision making in acquiring new digital 
technologies. Also SMEs with fewer than 10 employees are less likely to use digital technologies than larger firms 
(MacGregor, 2004). The scope of business has a great influence on the adoption of digital technology.  

2.5 Organization resistance (O5)  

DT requires a significant change in the way organizations work. Traditionally, employees are familiar with the existing 
working system, so they may have a resistance to any changes in fear of learning new things (Vey et al., 2017). Employees 
also believe that digital transformation can pose a threat to their job security and result in job loss. One of the reasons for 
employee resistance is their inability to understand the potential benefits of digital technology (Lee & Lee, 2015).  

2.6 Risk of cyber security and confidentiality (O6)  

A study by Vaidya et al. (2018) found that many enterprises declined to accept digital businesses due to some concerns on 
security issues and a lack of confidence in a digital business setting. SMEs may encounter security issues, including payment 
security, cyber-attack, privacy and confidentiality of information (Colicchia et al., 2019). Moktadir et al. (2018) identified 
that the fragmentation of cybersecurity standards is one of main barriers to DT. 

2.7 Lack of digital skills and talent (O7)  

Hiring and developing employees with digital skills and talent are vital to organizations, which have driven toward digital 
transformation. It is broadly recognized that a qualified digital skilled workforce is a valuable and rare asset in a labor 
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market (Vogelsang et al., 2019). SMEs are unable to hire employees with digital skills due to weak financial status (Liboni 
et al., 2019). Davis et al. (2015) also emphasized that lacking digital skills and talent is one of major obstacles to digital 
transformation.  

2.8 Lack of digital business model (O8)  

Before stepping into digital, it is essential for firms to develop a digital business model as it is a value creation model 
through the development of customer benefits via digital technology (Loonam et al., 2018). The digital business model 
provides new ideas for commercial products and services based on a predetermined business model (Lee & Lee, 2015). 
Firms should continually transform their digital business models in response to changes in business environments such as 
technological innovations, socioeconomic trends and industrial regulations (Frank et al., 2019). Despite the importance of 
the digital business model, prior research reported that many organizations especially in SMEs are unable to develop it (Lee 
& Lee, 2015). Failure to develop digital business model, firms cannot take advantages from DT (Sarvari et al., 2018).  

2.9 Lack of supply chain integration between partners (O9)  

Since DT requires information sharing and joint data interchange on both suppliers and (Büyüközkan, & F. Göçer, 2018). 
Organizations need to establish supply chain integration among their supply chain partners (Crittenden et al., 2019). 
Ghobakhloo (2018) supported that fostering trust, openness, willingness to collaborate, leverage digital technology and 
strengthen supply chain integration are essential for SMEs to perform digital transformation. Singh et al. (2018) emphasized 
that most SMEs face obstacles in forming partnerships for supply chain integration both internal and external value chains 
due to knowledge incompatibility, partner geographic location, high transaction cost and organizational cultural differences. 
Hence, a failure to develop supply chain integration is a remarkable barrier to digital transformation.  

2.10 High initial investment costs (O10)  

DT requires a significant investment in people, processes, technologies, and infrastructure for both enterprises and supply 
chain parties (Agrawal et al., 2020). SMEs are often hesitant to adopt digital technology due to high initial investment costs 
and potential risks posed by the immature technology (Hahn, 2020). Giotopoulos et al. (2017) emphasized that high initial 
investment costs are a major barrier to digital transformation among SMEs. 

2.11 Lack of support and commitment from top management (O11)  

Previous literature revealed that degrees of top management commitment and support are positively influenced by the 
adoption of information technologies in organizations (Liang et al., 2007; Gangwar et al., 2015). The adoption of innovative 
technology has been transformed from top to bottom of the organizations (Gangwar et al., 2015). Top management should 
understand the benefits of digital technology adoption to the future of organizational competitive advantages and 
performances (Sony & Naik, 2019). They should also play a significant role in DT activities by establishing strategic 
plannings, allocating adequate resources, providing the essential facilities and encouraging employees (Oliveira et al., 
2019). In addition, Büyüközkan & Göçer (2018) stated that most SMEs are lacking strong support from top management 
when implementing information technologies.  

2.12 Insufficient support from the government (O12)  

Some previous studies stated that the government plays several key roles to promote and accelerate DT for SMEs (Cichosz 
et al., 2020; Agrawal et al., 2020). The roles of government are such as raising awareness, enhancing digital skills of 
workers, assisting SMEs to overcome financial difficulties, improving laws to support nationwide DT, rewarding for 
practices and coordinating with industries to set up digital security guidelines (Kamble et al., 2018).  

2.13 Lack of risk taking initiative (O13)  

When organizations enter DT, they go into unfamiliar processes and require drastic changes in their business models. 
Several SMEs view DT as complex, high investment and operating costs, and uncertain outcomes (Kamble et al., 2018). 
SMEs would encounter numerous risks associated with DT such as organization resistance, uncertain market demand, 
technology disruption and ambiguous return on investment (ROI) (Agrawal et al., 2020). Martinsuo & Luomaranta (2018) 
noted that SMEs usually reluctance to deal with uncertain business circumstances. Hence, the lack of risk taking initiative 
is an important obstacle factor in DT for SMEs. 

3. Research framework  

This study proposes an eight-step framework based on ISM procedure, as displayed in Figure 1. The research framework 
consists of (1) identify and validate the obstacle factors in DT, (2) define and interpret contextual relationships, (3) construct 
structural self-interaction matrix (SSIM), (4) determine an initial reachability matrix, (5) derive final reachability matrix, 
(6) develop level partitions, (7) visualize interrelationship among obstacle factors, and (8) category obstacle factors by 
Matrix Impact of Cross Multiplication Applied to Classification (MICMAC). 
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4. Empirical Study  

4.1 Background  

Thailand is taking steps to drive DT and harness innovation into a state-of-the-art economic powerhouse. The country's 
digital path is promoted under the “Thailand 4.0” economics scheme, which focuses on significant advancements and digital 
improvements to drive “added value” for products and services. The ultimate goal of the government is to develop Thailand 
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as a digital hub of ASEAN. Under Thailand 4.0 model, the logistics sector is one of the targeted industries that Thai 
government plans to facilitate. The logistics sector plays an important role in the economic development of Thailand by 
connecting firms’ business opportunities with both domestic and international markets.  

In 2019, Thai logistics market had a total value of USD 46.30 billion. It is projected to continue growing up to USD 64.4 
billion by 2020 and USD 82.7 billion by 2022. Thai logistics sector is dominated by SMEs freight logistics service providers, 
which accounts for 57.6% of total logistics revenues in 2019. They are considered as the backbone of the logistics sector of 
Thailand. In the context of DT, many large freight logistics companies in Thailand have already adopted the advanced 
digital technology in their businesses. However, the number of Thai SMEs logistics service providers in DT is limited. Most 
of them are still lagging behind in DT due to various obstacle factors. Hence, a clear understanding of these obstacles and 
interrelationships is a good chance to initiate the appropriate course of actions.  

4.2 ISM application  

ISM was first introduced by Warfield (1974) to explore the interrelationship among factors in complicated socioeconomic 
systems (Samantra et al., 2016). The concept of ISM is that the complex system can be decomposed into different 
subsystems and then converted into hierarchical multi-level structure. This approach is enabled to transform unstructured 
problems into visible and articulated one. Recently, ISM has been widely employed to study supply chain and logistics 
contexts such as barriers of green textile supply chain management (Majumdar & Sinha, 2018), supply chain collaboration 
on green innovation performance (Yang & Lin, 2020), analysis of supply chain sustainability with supply chain complexity 
(Chand et al., 2020). The ISM procedure to analyze the obstacle factors that hinder DT is described as follows:  

4.2.1 To identify the obstacle factors  

Based on thirteen obstacle factors as described in DT in Section 2, seven qualified experts, comprised of three managerial 
staffs from different LSPs firms who successfully deployed DT, two academicians from relevant fields, one manager from 
a logistics consulting firm and one vice president from freight logistics association of Thailand, were invited to review the 
list of obstacle factors. The details and qualifications of the experts are illustrated in Appendix A. After several rounds of 
discussion, thirteen obstacle factors were validated and summarized to use in this study, as exhibited in Table 1. 

Table 1 
Summarizes the obstacle factors of DT in Thai SMEs freight logistics service providers 

Code Obstacle factors 
O1 Lack of adequate funding sources 
O2 Lack of digital culture 
O3 Lack of ICT infrastructure 
O4 Lack of economic of scale /Small-scale business operation 
O5 Organization resistance 
O6 Risk of cyber security and confidentiality 
O7 Lack of digital skills and talent 
O8 Lack of digital business model 
O9 Lack of supply chain integration between partners 
O10 High initial investment costs 
O11 Lack of support and commitment from top management 
O12 Insufficient support from the government 
O13 Lack of risk taking initiative 

 
4.2.2 To define and interpret contextual relationships  

In consultation with the experts, a contextual relationship between the obstacle factors is defined. For example, if the 
obstacle factor O1 influences O2 then it can be interpreted as “O1 leads to O2”.  

4.2.3 To construct structural self-interaction matrix (SSIM)  

Given the interpretation of contextual relationships in section 4.2.2, the experts provide a direction of relationship between 
two obstacle factors (i and j) by means of a pairwise comparison. Four symbols are used to express the direction of 
relationship between hindrances factors (i and j): V: obstacle factor i leads to hindrance factor j A: obstacle factor j leads to 
hindrance factor i X: obstacle factor i and j are mutually leading O: obstacle factor i and j have no relation After the acquired 
data are gathered, SSIM of DT obstacles is constructed as seen in Table 2.  

4.2.4 To determine initial reachability matrix 

The initial reachability matrix is determined by transform SSIM into the binary matrix by replacing V, A, X, O with 1 and 
0, based on a case-by-case basis, as follows: Case I: If the element (i, j) in SSIM is V then substitution the (i, j) and (j, i) 
with 1 and 0, respectively. Case II: If the element (i, j) in SSIM is A then substitution the (i, j) and (j, i) with 0 and 1, 
respectively. Case III: If the element (i, j) in SSIM is X then substitution both (i, j) and (j, i) with 1. Case IV: If the element 
(i, j) in SSIM is O then substitution both (i, j) and (j, i) with 0. The initial reachability matrix of DT obstacle factors for Thai 
SMEs freight LSPs is shown in Table 3. 
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Table 2  
Structured self-interaction matrix (SSIM) of DT obstacle factors  

Code O13 O12 O11 O10 O9 O8 O7 O6 O5 O4 O3 O2 O1 
O1 O O A V V X V V O X V O  
O2 V O A O V V V V V O V   
O3 A A A A V A X V A A    
O4 A A A A V A V V A     
O5 A O A A V A X O      
O6 A A A A V A A       
O7 A A A A V A        
O8 A A A A V         
O9 A A A A          
O10 A A A           
O11 A V            
O12 O             
O13              

 

Table 3  
Initial reachability matrix of DT obstacle factors 

Code O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 
O1 1 0 1 1 0 1 1 1 1 1 0 0 0 
O2 0 1 1 0 1 1 1 1 1 0 1 0 1 
O3 0 0 1 0 0 1 1 0 1 0 0 0 0 
O4 1 0 1 1 0 1 1 0 1 0 0 0 0 
O5 0 0 1 1 1 0 1 0 1 0 0 0 0 
O6 0 0 0 0 0 1 0 0 1 0 0 0 0 
O7 0 0 1 0 1 1 1 0 1 0 0 0 0 
O8 1 0 1 1 1 1 1 1 1 0 0 0 0 
O9 0 0 0 0 0 0 0 0 1 0 0 0 0 
O10 0 0 1 1 1 1 1 1 1 1 0 0 0 
O11 1 1 1 1 1 1 1 1 1 1 1 1 0 
O12 0 0 1 1 0 1 1 1 1 1 0 1 0 
O13 0 0 1 1 1 1 1 1 1 1 1 0 1 

 

4.2.5 To derive final reachability matrix  

The final reachability matrix is then derived by taking into consideration the transitivity. Based on transitivity principle, if 
a hindrance factor ‘i’ leads to ‘j’ and ‘j’ leads to ‘k’ then it is imperative that ‘i’ leads to ‘k’. The final reachability matrix 
of DT obstacle factors for Thai SMEs freight logistics service providers is illustrated in Table 4, wherein transitivity is 
marked with 1*.  

4.2.6 To develop level partitions  

According to the final reachability matrix, the reachability set ሺ𝑅𝑆ሻand antecedent set ሺ𝐴𝑆ሻ are developed. 𝑅𝑆 composes 
of hindrance factors ‘i’ itself including other factors with a value of 1 in each row, whereas 𝐴𝑆 composes of hindrance 
factors ‘i’ itself including with a value of 1 in each column. Thereafter, the intersection of 𝑅𝑆   and 𝐴𝑆  (𝑅𝑆 ∩ 𝐴𝑆) is 
determined. By comparison 𝑅𝑆and (𝑅𝑆 ∩ 𝐴𝑆),  if the factors within 𝑅𝑆  and (𝑅𝑆 ∩ 𝐴𝑆) are equal, then they are assigned 
to the top-level (level I) in the hierarchy structure. Factors in level I mean that they would not lead other factors above their 
own levels. After obtaining level I, factors in level I are removed. To obtain the subsequent level partitions, these 
corresponding iterations are performed until all remaining factors are allocated to the respective levels. In this paper, thirteen 
obstacle factors are partitioned through nine iterations, which are summarized in Table 5. 

Table 4 
Final reachability matrix of DT obstacles  

Code O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12 O13 Driving 
power 

O1 1 0 1 1 0 1 1 1 1 1 0 0 0 8 
O2 1* 1 1 1* 1 1 1 1 1 1* 1 1* 1 13 
O3 0 0 1 0 1* 1 1 0 1 0 0 0 0 5 
O4 1 0 1 1 1* 1 1 0 1 0 0 0 0 7 
O5 1* 0 1 1 1 1* 1 0 1 0 0 0 0 7 
O6 0 0 0 0 0 1 0 0 1 0 0 0 0 2 
O7 1* 0 1 1* 1 1 1 1* 1 1* 0 0 0 9 
O8 1 0 1 1 1 1 1 1 1 1* 0 0 0 9 
O9 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
O10 1* 0 1 1 1 1 1 1 1 1 0 0 0 9 
O11 1 1 1 1 1 1 1 1 1 1 1 1 1* 13 
O12 1* 0 1 1 1* 1 1 1 1 1 0 1 0 10 
O13 1* 1* 1 1 1 1 1 1 1 1 1 1* 1 13 

Dependence 
Power 

10 3 11 10 10 12 11 8 13 8 3 4 3  
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Table 5 
Summary of level partition of DT obstacle factors 

Code Description Reachability Set 𝐑𝐒𝐢 Antecedent Set 𝐀𝐒𝐢 Intersection set (𝐑𝐒𝐢 ∩𝐀𝐒𝐢) Level 

O9 Lack of supply chain integration 
between partners 

{O9} {O1,O2,O3,O4,O5,O6,O7, 
O8,O9,O10,O11,O12,O13} 

{O9} I 

O6 Risk of cyber security and 
confidentiality 

{O6} {O1,O2,O3,O4,O5,O6,O7, 
O8,O10,O11,O12,O13} 

{O6} II 

O7 Lack of digital skills and talent {O1,O3,O4,O5, 
O6,O7,O8,O10} 

{O1,O2,O3,O4,O5,O7, 
O8,O10,O11,O12,O13} 

{O1,O3,O4,O5, 
O6,O7,O8,O10} 

II 

O3 Lack of ICT infrastructure {O3,O5} {O1,O2, O3,O4,O5, 
O8,O10,O11,O12,O13} 

{O3,O5} III 

O1 Lack of adequate funding 
sources 

{O1,O4,O8,O10} 
 

{O1,O2,O4,O5, 
O8,O10,O11,O12,O13} 

{O1,O4,O8,O10} IV 

O4 Lack of economic of scale 
/Small-scale business operation 

{O1,O4,O5} {O1,O2,O4,O5, 
O8,O10,O11,O12,O13} 

{O1,O4,O5} IV 

O5 Organization resistance {O5} {O2,O5,O8,O10,O11,O12, 
O13} 

{O5} V 

O8 Lack of digital business model {O8,O10} {O2,O8,O10,O11,O12,O13} {O8,O10} VI 
O10 High initial investment costs {O8,O10} {O2,O8,O10,O11,O12,O13} {O8,O10} VI 
O12 Insufficient support from the 

government 
{O12} {O2,O11, O12,O13} {O12} VII 

O11 Lack of support and 
commitment from top 

management 

{O2,O11,O13} {O2,O11,O13} {O2,O11,O13} VIII 

O13 Lack of risk taking initiative {O2,O11,O13} {O2,O11,O13} {O2,O11,O13} VIII 
O2 Lack of digital culture {O2} {O2} {O2} IX 

 

4.2.7 To visualize the interrelationship among obstacle factors  

Based on the results in Table 5, the thirteen obstacle factors are plotted in the diagram to visualize their interrelationships, 
as depicted in Fig. 2. The arrow pointing from factor i to factor j indicates factor i can lead to factor j and a two-way arrow 
indicates interplay. In addition, each obstacle factor at higher level in hierarchical structure is directly affected by at least 
one obstacle factor at the next adjacent lower level and indirectly affected by the remaining of other lower-level obstacle 
factors. In this study, the thirteen obstacle factors are separated into nine levels of the ISM hierarchical structure as follows:  

Level I: lack of supply chain integration between partners (O9) is located at the top of the structure model. This obstacle 
is led by the twelve remaining obstacles. 

Level II: include risk of cyber security and confidentiality (O6) and lack of digital skills and talent (O7), these obstacles 
directly lead to lack of supply chain integration between partners (O9). In addition, lack of digital skills and talent (O7) also 
leads to risk of cyber security and confidentiality (O6). 

Level III: lack of ICT infrastructure (O3). It directly leads to risk of cyber security and confidentiality (O6) and lack of 
digital skills and talent (O7).  

Level IV: comprises lack of adequate funding sources (O1) and lack of economy of scale (O4), these obstacles directly 
lead to lack of ICT infrastructure (O3). Both obstacles mutually lead to each other. Level V: organization resistance (O5), 
this obstacle directly leads to lack of adequate funding sources (O1) and lack of economy of scale (O4).  

Level VI: consists of lack of digital business model (O8) and high initial investment costs (O10), these obstacles directly 
lead to organization resistance (O5). Both obstacles mutually lead to each other.  

Level VII: the insufficient support from government (O12) directly leads to lack of digital business model (O8) and 
high initial investment costs (O10).  

Level VIII: contains lack of support and commitment from top management (O11) and lack of risk taking initiative 
(O13).  

Level IX: lack of support and commitment from top management (O2) positions at the bottom of hierarchy structure. 
This obstacle directly leads to lack of support and commitment from top management (O11) and lack of risk taking initiative 
(O13). 

4.2.8 To categorize obstacle factors by MICMAC  

By using the final reachability matrix presented in Table 5, MICMAC is applied to category the thirteen obstacle factors 
into four groups. The steps of MICMAC are described as follows:  

a) To calculate the driving power of each obstacle factor by summarizing all element values in the corresponding row 
of the final reachability matrix, as shown in Table 5.  
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b) To calculate the dependence power of each obstacle factor by summarizing all element values in the corresponding 
column of the final reachability matrix, as shown in Table 5. 

c) To categorize the thirteen obstacle factors into four different groups regarding their driving and dependence powers, 
as illustrated in Table 6.  

d) To plot the thirteen obstacle factors on MICMAC diagram with the respect to their association driving and 
dependence powers. In this diagram, the driving power is shown as the horizontal axis, and the dependent power is shown 
as the vertical axis. The positions of thirteen obstacle factors in MICMAC diagram are illustrated in Fig. 3. 
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Fig. 2. The interrelationship among obstacle factors 
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Table 6  
The classification of barriers factors according to driving and dependence power 

Group Description Obstacle factors 
Group I: Autonomous factors Factors within this group are weak drives and weak 

dependence power. It can be interpreted that these factors 
are somewhat disconnected from the system. 

None 

Group II: Dependent factors Factors within this group are weak driving and strong 
dependence power. 

O3, O6, O9 

Group III: Linkage factors Factors within this group are strong driving and dependence 
power. It can be interpreted that these factors are quite 
unstable and that any action on them will have an impact on 
others and their self-feedback. 

O1, O4, O5, O7,O8, O10 

Group IV: Independent factors  Factors within this group are strong driving and weak 
dependence power. 

O2, O11, O12, O13 

 

 

Fig. 3. The positions of thirteen obstacle factors in the MICMAC diagram 

5. Discussion  

According to Fig. 2, the obstacle factor namely lacking supply chain integration (O9) is at the top level of hierarchy structure 
(Level IX), indicating that this obstacle factor is led by the remaining twelve obstacle factors at the lower levels. It can be 
seen that the lack of digital culture (O2) is at the lowest level (level IX), followed by lack of support and commitment from 
top management (O11) and lack of risk taking initiative (O13) are at level VIII. This implies that these are the three most 
significant obstacle factors which hinders the DT among SMEs freight logistics service providers in the case of Thailand. 
This present work reveals that lack of digital culture (O2) is the first most important. This result is supported by Buvat et al. 
(2018), who conducted the survey from 340 SMEs logistics service companies in Europe. Their survey reported that 62% 
of respondents viewed the lack of digital culture as the number one hindrance to DT. This study suggests that Thai SMEs 
logistics service providers who aim for DT should pay rigorous attention to addressing the lack of digital culture in their 
organizations. Also, organizations must promote a digital culture by sharing digital strategy, developing digital mindset at 
all organizational levels, creating a digital working environment before they go digital (Haffke et al., 2017). Next, lack of 
support and commitment from top management (O11) and a lack of risk taking initiative (O13) are the two most significant 
obstacle barriers, and lead to each other. The findings are consistent with previous studies. Büyüközkan & Göçer (2018) 
stressed that top management plays a key role in capturing logistics market trends, detecting and seizing technology 
opportunities and translating them into business plans. Top management should provide concerned stakeholders a clear 
vision of DT vision that directs employees, business partners on the DT path (Oliveira et al., 2019). In line with Sony & 
Naik (2019), top management should take an active role in inspiring and motivating employees at all levels to be actively 
involved in DT which can reduce organizational resistance. As mentioned earlier, DT is a complex, ambiguous and uncertain 
process that requires significant changes in an organization. Therefore, organizations, attempting to move toward DT, need 
the support and commitments from top management in terms of risk taking initiatives. The results of MICMAC analysis 
depicted in Figure 3, found that there are no obstacle factors in the autonomous group. It means that there is an 
interrelationship among the obstacle factors discussed in this study. Lack of ICT infrastructure (O3), risk of cyber security 
and confidentiality (O6), and lack of supply chain integration between partners (O9) are dependent groups. These obstacle 
factors have low driving powers but high dependence powers. Therefore, Thai SMEs freight LSPs should place low priority 
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in addressing these obstacle factors because they can be easily influenced by other factors. Next, lack of adequate funding 
sources (O1), lack of economy of scale, organization resistance (O5), lack of digital skills and talent (O7), lack of digital 
business model (O8) and high initial investment costs (O10) are in the linkage group. These obstacle factors have high driving 
and dependent power, meaning that any action on these obstacle factors can affect others and also feedback among 
themselves (Ali et al., 2018). Also, these obstacle factors need to be carefully managed and monitored (Jha & Devaya, 
2008). Finally, lack of digital culture (O2), lack of support and commitment from top management (O11), insufficient support 
from the government (O12) and lack of risk taking initiative (O13) presents in the independent group with high driving and 
low dependence power. These obstacle factors can be considered as the major root cause in DT as they can highly influence 
other factors and are less to be influenced by other factors. In order to succeed in DT, Thai SMEs LSPs should place an 
emphasis on eliminating these obstacle factors since the effective alleviation of these obstacle factors can lead to mitigate 
other obstacles. It is worth to note that all obstacle factors of the bottom levels are in the independent group. And the obstacle 
factors of the top levels are in the dependent group. This means that there are consistent results between ISM and MICMAC. 

6. Conclusion, limitations and future research  

DT requires an enormous investment, time and effort as well as managing change in large corporations. There are numerous 
obstacle factors with hindering DT. Organizations may encounter the difficulties in managing these obstacles 
simultaneously. Therefore, the organizations need to understand “what obstacles that are hindering DT; how is the 
interrelationship and interplay among obstacles; and what is the most important obstacle that requires more attention”. This 
study builds on knowledge by providing an in-depth understanding of DT obstacles in Thai SMEs logistics service 
providers. First, the thirteen DT obstacle factors are identified through extensive literature review and validated by a panel 
of experts. Second, the interrelationship among thirteen DT obstacle factors has been determined and developed a hierarchy 
structure model by applying ISM approach.  

Major outcomes of ISM are (i) thirteen obstacle factors fall into nine levels, and (ii) the obstacles factor that located in 
lowest level (level IX) namely “lack of digital culture” being as the most important factor followed by “lack of support and 
commitment from top management” and “lack of risk taking initiative”, respectively. Finally, the thirteen obstacle factors 
are divided into four groups based on driving and dependence power using the MICMAC method.  

The results of MICMAC highlight that the crucial obstacle factors hinder DT are independent groups including lack of 
digital culture, lack of support and commitment from top management, insufficient support from the government and lack 
of risk taking initiative. Hence, the efficient actions to alleviate these factors can help Thai SMEs logistics service providers 
achieve great success in DT. While this research makes significant contributions, there are some limitations that should be 
addressed. One limitation is the scope of this study, which was conducted only in the context of Thai SMEs logistics service 
providers. Thus, future research should expand the framework of this paper to make comparisons between Thai logistics 
service providers and multinational companies. Another limitation is that ISM cannot demonstrate the strength of the 
interrelationship between obstacle factors. It is suggested that future studies may apply structural equation modelling (SEM) 
or decision making trial and evaluation laboratory (DEMATEL) for further analysis. 
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Appendix A  

The details and qualifications of the experts 

Expert 
(E) 

Experience 
(years) 

Position Organization Area of expertise 

E1 12 General manager Logistics service provider 
company 

Logistics management 

E2 9 Vice president Logistics service provider 
company 

Logistics management 

E3 6 Chief technology 
officer 

Logistics service provider 
company 

Technology management 

E4 8 Associate professor Engineering department of a 
research university 

Logistics management 

E5 5 Assistant professor Engineering department of a 
research university 

Logistics information 
management system 

E6 6 Manager Logistics consulting company  Logistics information 
management system 

E7 21 Vice president Freight logistics association 
Thailand 

Logistics management 
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