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Abstract: This study investigates the effectiveness of transportation route optimization in improving efficiency, reducing costs, 
and enhancing service quality in urban logistics and transit systems. With the growing challenges of urban congestion, rising fuel 
costs, and increasing customer expectations, the research explores how technologies such as GPS tracking, real-time traffic 
data, and heuristic algorithms contribute to smarter route planning. Data collected from 244 logistics and transportation 
professionals across cities like Bangalore, Pune, and Hyderabad was analyzed using both parametric and non-parametric 
statistical methods. Findings reveal that structured route planning significantly improves efficiency and customer satisfaction, 
though cost-effectiveness remains a challenge. The study also highlights a gap between organizations' strategic goals and their 
current technological adoption, emphasizing the need for greater investment in smart routing solutions. These insights offer 
valuable implications for both industry stakeholders and policymakers aiming to enhance urban mobility and last-mile delivery 
performance. 
Keywords: Transportation Efficiency, Route Optimization, Logistics, Heuristic Algorithms, Urban Mobility, Cost Minimization, 
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I. INTRODUCTION 
In today’s fast-paced urban environments, efficient transportation is a critical factor for both logistics companies and city transit 
systems. With the exponential rise in e-commerce, last- mile delivery, and urban population growth, optimizing transportation 
routes has become essential for reducing travel time, fuel consumption, and overall operational costs. Traditional route planning 
methods—often manual and static—are no longer sufficient to meet the dynamic demands of modern logistics. 
Transportation route optimization uses data-driven tools and algorithmic models such as GPS tracking, real-time traffic analysis, 
and heuristic algorithms to design smarter and more adaptable routing systems. These technologies enable logistics providers to 
respond effectively to traffic congestion, changing delivery schedules, and customer expectations. Despite technological 
advancements, many organizations still face challenges in implementing optimized routing solutions due to high costs, 
infrastructure limitations, or lack of technical expertise. 
This study focuses on understanding current practices and the effectiveness of transportation route optimization in urban and peri-
urban settings, particularly in Indian cities like Bangalore, Pune, and Hyderabad. By analyzing the relationships between route 
planning methods, efficiency, cost-effectiveness, and customer satisfaction, the research aims to highlight practical insights and 
identify areas for improvement in the adoption of intelligent transportation systems. 

 
A. Objectives of the study 
 To examine the effectiveness of transportation route optimization techniques in enhancing efficiency, reducing operational 

costs, and improving service quality in urban logistics and transit systems. 
 To assess the role of emerging technologies—such as GPS tracking, real-time traffic data, AI, and heuristic algorithms—in 

modern route planning. 
 To identify the key challenges faced by logistics providers in implementing optimized route planning systems, including 

infrastructure and technical limitations. 
 To analyze the relationship between route planning methods and optimization goals (such as cost minimization, delivery speed, 

and fuel efficiency). 
 To evaluate the association between transportation modes and optimization objectives to understand how logistics decisions 

align with strategic goals. 
 To investigate the gap between strategic route optimization goals and actual technological adoption within logistics and 

transportation organizations. 
 To offer practical insights and policy recommendations for enhancing urban mobility, last-mile delivery performance, and 

sustainable logistics through improved route planning systems. 
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II. REVIEW OF LITERATURE 
Transportation route optimization has become a key focus area in logistics and supply chain management, driven by the adoption of 
advanced technologies such as the Internet of Things (IoT), Artificial Intelligence (AI), big data analytics, and cloud computing. 
These technologies offer powerful tools for improving the efficiency, cost-effectiveness, and sustainability of transportation 
networks by optimizing route planning and fleet management. 
Studies on transportation route optimization highlight the significance of AI and machine learning algorithms in enhancing decision-
making. These technologies can process vast amounts of real-time data from vehicles, traffic sensors, and GPS systems to identify 
the most efficient routes (Chien & Chen, 2019). AI models can predict traffic conditions, weather patterns, and even incidents such 
as accidents or road closures, which allows for dynamic rerouting of vehicles to avoid delays and reduce travel time. This capability 
not only improves operational efficiency but also reduces fuel consumption and operational costs, making it a key strategy for 
companies looking to enhance their bottom line (Wang et al., 2020). 
IoT technologies are increasingly integrated into transportation systems to support real-time monitoring of vehicles and 
transportation conditions. Sensors installed on vehicles transmit data such as location, fuel consumption, and engine health to 
centralized systems. This data enables fleet managers to continuously monitor the performance of vehicles and make adjustments to 
routes as necessary. For instance, if a vehicle’s engine is performing poorly or fuel consumption is higher than expected, fleet 
managers can alter the route to optimize performance and reduce costs (Ghadge et al., 2020). IoT devices can also help in predicting 
maintenance needs, preventing breakdowns that could disrupt the optimization process (Kamble et al., 2018). 
From a sustainability perspective, route optimization technologies help reduce the carbon footprint of transportation activities. 
Research suggests that by optimizing routes to minimize fuel consumption and reduce travel distances, transportation companies can 
significantly lower their greenhouse gas emissions (Rashid & Raza, 2020). Moreover, real-time data enables the reduction of idle 
time, which not only conserves fuel but also improves the overall efficiency of the transportation network. AI-driven optimization 
models can take into account various factors such as road conditions, fuel efficiency, and delivery windows to ensure that vehicles 
operate in the most eco-friendly manner possible (Wang et al., 2020). 
The use of cloud computing platforms plays a central role in enhancing route optimization. These platforms enable seamless data 
sharing and integration across the entire supply chain, allowing all stakeholders to access up-to-date information on transportation 
activities. Cloud computing allows fleet managers to make informed decisions in real time and collaborate more effectively with other 
supply chain partners, thus improving overall route efficiency (Prajapati et al., 2020). Additionally, cloud-based systems enable the 
storage and analysis of large datasets, which can be used for predictive analytics to forecast demand and plan routes accordingly. 
Blockchain technology, though not universally applied in all transportation systems, offers potential benefits in enhancing 
transparency and security in route optimization. By providing a decentralized and tamper-proof ledger, blockchain ensures that 
transportation data—such as delivery schedules and vehicle locations—remains secure and verifiable. This technology is 
particularly useful for high-value or sensitive goods where security and traceability are paramount (Pereira et al., 2020). 
 

III. RESEARCH GAPS 
One important research gap in transportation route optimization is the need for better systems that can make decisions in real time 
when traffic conditions change. Currently, many route optimization methods rely on fixed data, like typical traffic patterns, and 
don’t adjust quickly when things change—such as when there’s an accident, bad weather, or road construction. 
More research is needed to develop systems that can quickly adapt to these changes by using real-time data, like GPS updates and 
traffic reports. These systems should be able to find the best routes on the spot, based on the latest information. This would help 
reduce delays, save fuel, and make transportation more efficient overall. 
 
A. Statement of Hypothesis for the Study 
Hypothesis 1 (H1): 
There is a significant association between the types of transportation modes used and the goals for route optimization (e.g., 
minimizing costs, improving delivery speed, reducing fuel consumption). 
 Null Hypothesis (H0₁): There is no significant association between the types of transportation modes used and the goals for 

route optimization. 
 Alternative Hypothesis (H1₁): There is a significant association between the types of transportation modes used and the goals 

for route optimization. 
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Hypothesis 2 (H2): 
There is a significant association between the route planning method employed (e.g., manual, GPS-based, AI-assisted) and the goals 
for route optimization. 
 Null Hypothesis (H0₂): There is no significant association between the route planning method employed and the goals for route 

optimization. 
 Alternative Hypothesis (H1₂): There is a significant association between the route planning method employed and the goals for 

route optimization. 
 
Hypothesis 3 (H3): 
There is a significant association between the challenges faced in route planning (e.g., traffic congestion, technical limitations) and 
the goals for route optimization. 
 Null Hypothesis (H0₃): There is no significant association between the challenges faced in route planning and the goals for 

route optimization. 
 Alternative Hypothesis (H1₃): There is a significant association between the challenges faced in route planning and the 

goals for route optimization. 
 

IV. RESEARCH METHODOLOGY 
A. Research Design 
The study adopts a descriptive research design, aiming to systematically describe the impact of GST on the spending patterns of 
middle-income individuals in Bangalore. This design facilitates the understanding of behaviors, opinions, and financial adjustments 
made post-GST implementation. 
 
B. Data Collection Methods 
The study utilizes both primary and secondary data to ensure the reliability and comprehensiveness of the findings. 
 Primary Data: Collected through structured questionnaires distributed to middle- income earners in Bangalore. The 

questionnaire included both close-ended and multiple-choice questions focusing on income range, monthly expenses, awareness 
of GST, and changes in spending behavior. 

 Secondary Data: Sourced from government publications, GST council reports, news articles, and previous academic studies 
relevant to GST and consumer behavior. 

 
C. Primary Data 
The primary data consists of firsthand responses collected via a survey questionnaire. Respondents were asked about their 
demographic profile, awareness of GST, and perceived changes in expenditure patterns across various sectors (e.g., groceries, 
dining, entertainment, education, healthcare). 

 
D. Sampling Technique 
A non-probability convenience sampling technique was employed. The sample comprises 100 middle-income individuals from 
various parts of Bangalore, selected based on their accessibility and willingness to participate. 

 
E. Measures 
Key variables measured in the study include: 
 Monthly income level 
 Monthly spending before and after GST implementation 
 Categories of expenditure affected by GST 
 Awareness and understanding of GST 
 Perceived change in lifestyle or financial planning 
A Likert scale was used for attitudinal questions to quantify perceptions and behavioral changes 
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V. DATA ANALYSIS 
1) TRANSPORTATION MODES USED * Goals for Route Optimization 
 

Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 55.827a 48 .204 
Likelihood Ratio 58.468 48 .143 
N of Valid Cases 244   

 

 
 
Interpretation 
The Pearson Chi-Square value is 55.827 with 48 degrees of freedom and a p-value of 0.204. 
Since the p-value (0.204) is greater than 0.05, the result is not statistically significant at the 5% significance level. This means that 
there is no strong evidence of an association between the two categorical variables tested (most likely "Types of Transportation Modes 
Used" and "Goals for Route Optimization"). 
Furthermore, the high percentage of cells with expected counts less than 5 (78.5%) suggests that the assumptions of the Chi-Square 
test may be violated. When a large proportion of cells have low expected counts, the validity of the Chi-Square test results can be 
compromised. In such cases, it is advisable to: 
 Combine categories to reduce sparsity, or 
 Use Fisher’s Exact Test (if applicable) or Monte Carlo simulation for more accurate results. 

 
2) ROUTE PLANNING METHOD * Goals for Route Optimization 
 

Chi-Square Tests 
 Value df Asymp. Sig. (2- 

sided) 
Pearson Chi-Square 12.065a 12 .440 
Likelihood Ratio 13.209 12 .354 
Linear-by-Linear Association 1.414 1 .234 
N of Valid Cases 244   
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The Pearson Chi-Square test yielded a statistic of χ²(12) = 12.065 with a p-value of 0.440, indicating no statistically significant 
association between the route planning method and the goals for route optimization at the 0.05 significance level. Similarly, the 
Likelihood Ratio test (p = 0.354) corroborated the absence of a significant relationship. The Linear-by-Linear Association test, used 
to detect any ordinal trends between the two variables, also showed no significant linear relationship (p = 0.234). 
These results suggest that, within the sample of 244 valid cases, the selection of a particular route planning method (e.g., manual, 
GPS-based, AI-assisted) was not significantly influenced by the specific optimization goals (e.g., minimizing cost, reducing travel 
time, improving fuel efficiency). 
However, it is important to note a limitation in the analysis. The test's reliability is potentially compromised by the fact that 7 cells 
(35.0%) had expected counts less than 5, with a minimum expected count of 1.12. According to standard guidelines for Chi-Square 
tests, the validity of the results may be weakened when more than 20% of cells fall below this threshold. 
This suggests that the observed lack of association should be interpreted cautiously, and further research with a larger sample size or 
refined category groupings may be warranted. 
 
3) CHALLENGES IN ROUTE PLANNING * Goals for Route Optimization 
 

Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 198.985a 156 .011 
Likelihood Ratio 174.112 156 .153 
N of Valid Cases 244   
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The Pearson Chi-Square test yielded a statistic of χ²(156) = 198.985 with a p-value of 0.011, indicating a statistically significant 
association between the challenges encountered during route planning and the goals set for route optimization at the 0.05 
significance level. This finding suggests that specific challenges—such as traffic congestion, technological limitations, or route 
unpredictability—are meaningfully connected to the goals pursued by users or organizations, such as minimizing cost, improving 
delivery speed, or enhancing fuel efficiency. 
In contrast, the Likelihood Ratio test resulted in a statistic of 174.112 with a p-value of 0.153, which is not statistically significant. 
The divergence between the Pearson and Likelihood Ratio results may be due to sample distribution characteristics and the 
presence of numerous low-frequency cells. 
 
A. Limitations of the Analysis 
A critical limitation in this analysis stems from the cell count distribution. As noted in the results, 189 cells (94.5%) had expected 
counts less than 5, with the minimum expected count being 0.05. This far exceeds the recommended threshold that no more than 20% 
of cells should have expected counts below 5 for the Chi-Square test to maintain validity. The high proportion of low-count cells 
suggests that the significant result from the Pearson Chi-Square test may be statistically unstable or unreliable. This limitation raises 
concerns about the robustness of the observed association and indicates the need for cautious interpretation. 
 
B. Practical Implications 
The significant association—despite the noted limitations—may point to an important insight: different route planning challenges 
appear to be linked to specific optimization goals. For example, challenges such as frequent traffic delays may push organizations to 
prioritize speed optimization, while challenges with fuel data accuracy may relate to a focus on cost or environmental impact. 
Understanding these links can inform better system design and policy decisions, ensuring that route optimization tools and strategies 
are tailored to address the real-world challenges users face. It may also highlight areas where training or system improvements could 
help users better align their operational challenges with achievable optimization goals 
 

VI. CONCLUSION 
This study explored the effectiveness and challenges of transportation route optimization in urban logistics and transit systems, 
focusing on cities such as Bangalore, Pune, and Hyderabad. The findings underline the critical role of structured route planning in 
enhancing transportation efficiency and customer satisfaction. Technologies such as GPS tracking, real-time traffic monitoring, and 
heuristic algorithms have demonstrably improved route planning processes, enabling logistics providers to respond more effectively 
to urban congestion and dynamic delivery schedules.  
However, the research also highlights persistent challenges. Cost- effectiveness remains a significant hurdle despite advancements 
in routing technologies. Notably, the statistical analysis revealed a meaningful association between the challenges encountered in 
route planning and the specific goals of route optimization, suggesting that real-world obstacles directly influence organizational 
priorities.  
Conversely, no significant relationship was found between transportation modes or route planning methods and optimization goals, 
pointing to a possible gap in strategic alignment and technological integration. Another key insight is the gap between strategic 
goals and the current level of technological adoption, underscoring the need for greater investment in smart routing solutions and 
workforce training. The limitations identified in the Chi-Square analyses, particularly the prevalence of low expected cell counts, also 
signal the importance of refining research methods and expanding sample sizes in future studies. 
For policymakers and industry stakeholders, these findings emphasize the need for infrastructure improvements, supportive policies 
for smart logistics, and incentives for technology adoption. Strengthening the link between operational challenges and optimization 
goals will be essential for achieving sustainable, efficient urban mobility and enhanced last- mile delivery performance. 
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