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Abstract: The integration of digital transportation technology and the transportation industry has
become a crucial factor in shaping modern mobility systems, enhancing operational efficiency,
and promoting sustainability. This study evaluates the coupled and coordinated development of
digital transportation innovations. Using multi-criteria decision-making (MCDM)
methodologies, this research assesses key factors using BWM to compute the criteria weights. The
MOOSRA method is used to rank the alternatives. This study uses the TreeSoft set to divide the
criteria and sub criteria as set of levels and in each level, we compute the criteria weights. A case
study with five criteria and different sub criteria with seven alternatives is conducted in this
study. We conducted sensitivity analysis by using different criteria weights. This evaluation
provides a systematic framework for decision-makers to optimize digital transportation
strategies, ensuring a harmonized, resilient, and future-ready transportation ecosystem.

Keywords: TreeSoft Set; Decision Support Model; Coupled and Coordinated; Digital
Transportation Technology and Industry.

1. Introduction

The rapid advancement of digital transportation technology is transforming the global
transportation industry, leading to smarter, more efficient, and sustainable mobility solutions.
The integration of artificial intelligence (Al), the Internet of Things (IoT), big data analytics,
blockchain, and cloud computing has significantly improved traffic management, logistics
optimization, and passenger convenience. However, the successful adoption of these digital
innovations depends on the coordinated development between technology and the
transportation industry, ensuring that infrastructure, policies, and operational frameworks align
with technological progress. As digitalization reshapes transportation networks, evaluating the
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level of integration and coordination between these two sectors is crucial for enhancing system
efficiency, reducing costs, and maximizing societal benefits[1], [2].

The coupling and coordination of digital technology and the transportation industry require a
balanced approach that fosters innovation while addressing industry-specific challenges. While
advanced technologies such as autonomous vehicles, intelligent traffic systems, and Mobility-as-
a-Service (MaaS) platforms offer promising solutions, their effectiveness depends on industry
readiness, government regulations, and financial investments. Some regions and sectors have
rapidly adopted digital transportation solutions, while others face barriers such as infrastructure
limitations, cybersecurity risks, and resistance to change. A well-structured evaluation
framework can provide insights into how well these technologies are being integrated into
different transportation models and help identify the gaps that hinder seamless collaboration
between technology providers and transportation service operators[3], [3].

To assess the effectiveness of digital transportation technology in the industry, multi-criteria
decision-making (MCDM) methodologies can be employed. These methods allow researchers
and policymakers to evaluate key performance indicators such as technological integration,
industry adaptability, investment in digital infrastructure, operational efficiency, and
sustainability. By applying MCDM techniques, decision-makers can rank transportation models
based on their digital readiness, economic feasibility, and societal impact. Such an approach
ensures that digital transformation efforts align with broader industry goals, improving the
overall quality and reliability of transportation systems while fostering environmental
sustainability[4], [5].

Despite its advantages, the integration of digital technology into transportation is not without
challenges. The unequal distribution of digital infrastructure, cybersecurity concerns, high initial
investment costs, and workforce training remain critical obstacles. Additionally, the rate of
technological change often outpaces industry adaptation, leading to gaps in policymaking and
regulation. Therefore, evaluating the coupled and coordinated development of digital
transportation technology and industry is not just about measuring technological progress but
also about understanding the institutional, economic, and societal factors that influence adoption
and scalability. Addressing these challenges requires collaboration between governments, private
enterprises, and research institutions to develop scalable, adaptable, and future-proof digital

transportation solutions.

A systematic evaluation of the relationship between digital transportation technology and
industry will provide valuable insights for stakeholders looking to enhance efficiency, promote
sustainable mobility, and future-proof transportation systems. As the world moves toward smart
cities and intelligent transportation networks, it is essential to ensure that technological
advancements are effectively integrated into existing infrastructure, regulations, and industry
practices. By assessing the level of digital coordination and its impact on operational

Zigeng Wen, Jie Liu, Jianchang Huang, Decision Support Model with TreeSoft Set for Assessment of Coupled and Coordinated
Development of Digital Transportation Technology and Industry



Neutrosophic Sets and Systems, Vol. 82, 2025 480

performance, policymakers and industry leaders can make informed decisions that lead to a more
connected, resilient, and sustainable transportation ecosystem[6], [7].

This study proposed a decision support model for Evaluation of Coupled and Coordinated
Development of Digital Transportation Technology and Industry using MCDM methods. The
main contributions of this study are organized as follows:

Two MCDM methods are used in this study such as BWM to compute the criteria weights and
the MOOSRA method to rank the alternatives.

TreeSoft Set is used to divide the criteria and sub criteria as levels and each level includes different
nodes.

The case Study is provided to show the validation of the proposed decision support system by
including five main criteria and seven alternatives.

Sensitivity analysis is conducted to show the stability of the ranks of the alternatives under
different criteria weights.

2. Decision Support Model

The experiment is conducted for Evaluation of Coupled and Coordinated Development of Digital
Transportation Technology and Industry. This study uses two MCDM methods for this
evaluation such as BWM and MOOSRA. BWM is used to compute the criteria weights and the
MOOSRA method is used to rank alternatives[8], [9], [10]. We use the TreeSoft Set to deal with
criteria and sub criteria. The steps of the decision support model are organized as follows:

Step 1. Build a Tree and compute its nodes.

e Level 1: This level contains the main criteria; these criteria are represented as nodes. This
study uses five main criteria, so we have five nodes in the first level.

e Level 2: This level is divided into different branches; each branch shows the sub criteria.
Each node has different sub criteria, these sub criteria are presented as sub nodes[11], [12].

Let U be a universal set and H be a non-empty subset of U, the power set of H is P(H). The set of
criteria are Cq, ...,Cp;;n=2.C,NC, N ...N Cy, = @; F: P(C) » P(H) is a MultiSoft set.

The TreeSoft Set can be defined as:
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Cl = [Cl,l' Cl,Z' }
CZ == {CZ,I' CZ,ZI }
C3 = {63'1, C3'2, }
1)

Crn ={Cn1,Cnz -}
The TreeSoft set can be defined as a set of levels with the main level is root node[13], [14].

Tree(C) ={C;, iy = 1,2,..}U{Ci s, i1,i2 = 1,2,.. }U e U{Ci i, i 1B s el = 1,2, .00}
(2)

Step 2. Computing the criteria weights.

In this step, we compute the criteria weights by the BWM. The steps of this method are organized

as follows:

e Identification of the decision criteria. We define a set of criteria and sub criteria by the

opinions of experts and literature reviews such as Cy, ..., Cy,.

e Define the best and worst criterion. Experts can define the best and worst criterion. We

can present the best criterion as Cpz and the worst criterion as Cy,.

e Conduct comparison between the best criterion and other criteria. Experts can perform

this step to show the best criterion over other criteria such as Cz = (Cgy, ..., Cpp)-

e Conduct comparison between the worst criterion and other criteria. Experts can perform

this step to show the worst criterion over other criteria such as Cyy = (Cyq, .., Cyyn)" -

e Compute the optimal weights. The criteria weights can be computed as:
* min max{|w3 - CB].W]-| , |WB - CWjWW| } subject to

[ ] Z] Wj =1

o W] > 0; V]

Step 3. Ranking the alternatives.

©)
(4)
©)

In this step, we can obtain the rank of the alternatives by using the MOOSR method. The steps of

this method are organized as follows:

e Build the decision matrix.

X11 "t Xin
° X — H ‘. H
Xm1 " Xmn
e Compute the normalized decision matrix.
__ %y
o h; j =
m x2

i=1%ij

e Compute the weighted decision matrix.

(6)

()
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o uij = W]hl] (8)
¢ Compute the MOOSRA value as:

_ Z}L-Izl ujj
ey ©

e Rank the alternatives.

3. Results and Discussion

This section shows the results of the decision support model by providing the criteria weights
and ranking of the alternatives. This study uses five criteria and different sub criteria with seven
alternatives.

Step 1. We build a tree with two levels.

e Level 1: This level shows the five main criteria.

e Level 2: This level shows the sub criteria values. Fig 1 shows the Tree nodes of this study.
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Fig 1. Tree nodes of this study.

Step 2. We compute the criteria weights in each level. We compute the criteria weights in the main
criteria and the sub criteria.

The results of the BWM are shown as:

e We define five main criteria and sub criteria as shown in Fig 1.

e Experts and decision makers are defined the best and worst criterion.

e We conducted the comparison between the best criterion over other criteria.

¢ We conducted the comparison between the worst criterion over other criteria.

e Then we obtain the criteria weights of the main criteria as shown in Fig 2.

e Then we apply the previous steps to compute the weights of the sub criteria as shown in
Fig 3.

Fig 2. The weights of main criteria.
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Fig 3. The weights of sub criteria.
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Step 3. Ranking the alternatives.

We apply the steps of the MOOSRA method to rank the alternatives.

e We build the decision matrix using Eq. (1). Experts are used scale between 0.9 to 0.1 to

evaluate the criteria and alternatives.
e We compute the normalized decision matrix using Eq. (7) as shown in Fig 4.
e Then we compute the weighted decision matrix using Eq. (8) as shown in Fig 5.
¢ Then we compute the MOOSRA value using Eq. (9) as shown in Fig 6.
e Then we rank the alternatives as shown in Fig 7.
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Fig 4. The normalized decision matrix.
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Fig 6. The MOOSRA value of each alternative.
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Fig 7. The rank of alternatives.

4. Analysis

This section conducted sensitivity analysis to show the rank of alternatives under different cases.
This study proposes six cases in the criteria weights. We change the criteria weight, then we rank
the alternatives. Fig 8 shows the different values of each criterion. In the first case, the criteria
have the same weights. The second scale the first criterion weight is increased by 30% and other
criteria have the same weights. The third scale the second criterion weight is increased by 30%
and other criteria have the same weights. On the fourth scale the third criterion weight is
increased by 30% and other criteria have the same weights.

The ranks of the alternatives are shown in Fig 9. We show the rank of alternatives in each case.
The results show alternative 3 is the best and alternative 1 is the worst. We show the ranks of
alternatives are stable under different cases. Fig 10. Shows the values of the MOOSRA score.
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Fig 9. The different ranks of alternatives.
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Fig 10. The different values of MOOSRA score.

5. Conclusions

The findings of this study underscore the importance of coupling and coordinating digital
transportation technology with industry practices to enhance efficiency, reduce operational costs,
and improve sustainability. While digital advancements such as Al-driven traffic management,
autonomous vehicles, and Mobility-as-a-Service (MaaS) have shown significant potential, their
effectiveness is highly dependent on industry adaptability, infrastructure readiness, and
supportive policies. The research highlights the need for a structured evaluation framework, such
as MCDM methodologies, to assess digital integration levels and guide decision-making in
transportation development. We used two MCDM methods such as BWM to compute the criteria
weights and the MOOSRA method to rank the alternatives. We used the TreeSoft set to deal with
criteria and sub criteria.

Furthermore, the study reveals that disparities in digital adoption pose a major challenge, with
some sectors rapidly advancing while others lag due to financial constraints, regulatory barriers,
and technological gaps. Addressing these challenges requires collaborative efforts between
governments, industry stakeholders, and technology providers to create scalable and adaptable
digital transportation solutions. Investments in digital infrastructure, cybersecurity measures,
and workforce training are essential to ensure a smooth transition toward smart mobility systems.
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A key takeaway from this evaluation is the necessity of a long-term strategic approach that aligns
technological innovation with industry needs. Without proper synchronization, digital
transformation efforts may result in inefficiencies, fragmented systems, and missed opportunities
for sustainable development. Therefore, a holistic, data-driven decision-making approach must
be adopted to ensure the seamless integration of digital technology into transportation networks.

In conclusion, coordinated development between digital transportation technology and the
transportation industry is a vital factor for achieving a smarter, more sustainable, and efficient
mobility ecosystem. Policymakers and industry leaders must leverage systematic evaluation
frameworks to identify strengths, weaknesses, and opportunities, ensuring that digital

transformation in transportation leads to long-term economic, social, and environmental benefits.
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