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Objective: This study aims to rank the key sustainability indicators for urban
transportation using data extracted from Twitter and a Delphi method for expert
validation.

Methodology: The study utilized a two-stage approach: first, data collection from
Twitter using relevant keywords and hashtags over two distinct periods
(September 2020—April 2021 and February—April 2023), resulting in 55,340
relevant tweets. Sentiment analysis was conducted to classify tweets into positive,
negative, and neutral categories. In the second stage, the Delphi method was
employed with 32 transportation experts who analyzed the extracted data and
identified 13 critical issues in sustainable transportation. The issues were then
ranked using a five-point Likert scale based on their importance.

Findings: The findings revealed that "high transportation costs" emerged as the
most critical issue, with a mean score of 4.75 out of 5. "Air pollution" and "traffic
congestion™ were ranked second and third, with mean scores of 4.719 and 4.688,
respectively. Other identified challenges included the high cost of fuel, lack of
parking spaces, poor vehicle conditions, insufficient driver skills, and inadequate
salaries for drivers. Sentiment analysis indicated significant negative sentiments
towards environmental and economic factors, particularly costs and pollution,
while social factors like driver behavior and vehicle cleanliness received mixed
sentiments.

Conclusion: The study underscores the multifaceted challenges in achieving
sustainable transportation, with economic factors like costs and environmental
issues such as air pollution being the most pressing concerns. The results highlight
the need for targeted policies, such as subsidies, technological advancements in
green transportation, and public awareness campaigns, to address these issues
effectively and promote sustainable urban mobility.

Keywords: Sustainable transportation, urban mobility, Twitter analysis, Delphi
method, sustainability indicators, social factors, economic factors, environmental
factors, urban planning, sentiment analysis.
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EXTENDED ABSTRACT
Introduction

Sustainable urban transportation plays a critical role in enhancing quality of life, reducing
environmental impacts, and promoting economic and social equity. Urbanization and the growing demand
for transportation services have increased the focus on sustainable solutions that address complex
challenges in modern urban systems (Bouillass et al., 2021). Sustainable transportation encompasses three
core dimensions: social, economic, and environmental. Each dimension poses unique challenges and
requires comprehensive analysis for effective planning and implementation.

Economic factors, such as affordability, are critical for ensuring that sustainable transportation
systems are accessible to diverse user groups. Cost issues often hinder the adoption of sustainable
transportation modes, as identified in prior studies emphasizing the role of affordability in user decision-
making (Chou, 2017; Gompf et al., 2021). Meanwhile, environmental considerations, including air pollution
and fuel consumption, have emerged as pressing concerns. Studies highlight that transitioning to cleaner
energy sources and reducing greenhouse gas emissions can mitigate these challenges (Onat et al., 2021).
The social dimension, focusing on inclusivity, user satisfaction, and behavior, is equally significant.
Research has revealed that user experiences, such as driver behavior and vehicle cleanliness, directly
impact the acceptance of sustainable transportation systems (Lopez-Carreiro et al., 2023).

Despite the availability of extensive literature on sustainable transportation, there remains a need
for integrated approaches that utilize real-time data and stakeholder insights to identify and address key
challenges. This study aims to bridge this gap by using data from Twitter to identify and rank critical
sustainability indicators, supported by expert validation through the Delphi method. By focusing on
economic, social, and environmental dimensions, this study seeks to provide actionable insights to
improve urban mobility systems and promote sustainable transportation practices.

Methodology

This study adopted a two-stage methodological framework. The first stage involved collecting data
from Twitter using relevant keywords and hashtags over two distinct periods: September 2020—April 2021
and February—April 2023. A total of 55,340 relevant tweets were gathered. Sentiment analysis was
performed on these tweets, categorizing them into positive, negative, and neutral sentiments to understand
public perceptions of various sustainability dimensions.

In the second stage, the Delphi method was employed to validate findings and identify critical
issues. A panel of 32 transportation experts reviewed the data and identified 13 key issues affecting
sustainable transportation. Using a five-point Likert scale, the experts ranked these issues based on their
perceived importance. The Delphi process consisted of three iterative rounds to ensure consistency and
consensus among the participants.

Findings

The findings revealed "high transportation costs™ as the most critical issue, with an average score
of 4.75 out of 5. It was followed by "air pollution™ (4.719) and “traffic congestion” (4.688). Other

significant issues identified included "high fuel costs,” "lack of parking spaces,” "inadequate vehicle
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conditions,” "insufficient driver skills,” and "low driver salaries.” Sentiment analysis of the tweets showed
a predominance of negative sentiments toward environmental and economic factors, particularly costs and
pollution.

Social factors, such as driver behavior and vehicle cleanliness, elicited mixed sentiments. The
analysis also revealed that while environmental concerns were associated with significant negative
sentiment, issues related to affordability and accessibility were recurrent themes in economic discussions.
Overall, the results underscored the multifaceted nature of sustainable transportation challenges, with
economic and environmental dimensions being the most prominent.

Discussion and Conclusion

The study’s findings align with existing research emphasizing the centrality of affordability,
environmental sustainability, and inclusivity in urban mobility systems. Previous studies have shown that
high transportation costs are a significant barrier to adopting sustainable transportation modes, particularly
in low- and middle-income regions (Chou, 2017; Gompf et al., 2021). Addressing affordability issues
through subsidies, dynamic pricing models, and public funding can significantly enhance accessibility and
promote widespread adoption of sustainable transportation solutions.

Environmental concerns, especially air pollution, are consistent with global findings on the adverse
effects of traditional transportation systems (Onat et al., 2021). Transitioning to electric and hybrid vehicles
and investing in renewable energy infrastructure are critical strategies for reducing emissions and
achieving environmental sustainability (Liu & Dijk, 2022). The results also highlight the importance of
public awareness campaigns to encourage eco-friendly transportation practices, a strategy supported by
studies emphasizing the role of education in fostering environmental consciousness (Grande-Ayala, 2024).

Traffic congestion, identified as the third most critical issue, underscores the need for intelligent
traffic management systems and optimized urban planning. Research suggests that integrating smart
technologies and data-driven decision-making can mitigate congestion and enhance the efficiency of
urban mobility systems (Sostari¢ et al., 2021). Social factors, such as driver and passenger behavior, have
also been shown to impact user satisfaction, further emphasizing the need for comprehensive training
programs and quality assurance mechanisms for transportation services (L6pez-Carreiro et al., 2023).

This study’s methodology, combining real-time data analysis from Twitter with expert validation,
provides a robust framework for identifying and prioritizing challenges in sustainable transportation.
However, its reliance on Twitter data introduces limitations, such as potential biases related to user
demographics and language constraints. Future research could expand this framework to include multiple
data sources and languages, enhancing the generalizability and inclusivity of findings.

In conclusion, this study identifies high costs, air pollution, and traffic congestion as the primary
challenges in achieving sustainable urban mobility. Addressing these issues requires targeted policies,
such as financial incentives, investments in green technologies, and public engagement initiatives. By
integrating real-time public feedback with expert insights, this study offers actionable recommendations
for policymakers and practitioners aiming to develop more sustainable and equitable transportation
systems.
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