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Abstract

Traffic jams in the city are a major and escalating issue in the Rajshahi City Corporation (RCC), causing delays,
consumption of more fuel and a loss in safety. In this study, the analysis is done comprehensively using field survey
data, traffic flow monitoring, and machine learning (ML) methods. A questionnaire-based survey of 207
occupational residents was organized to provide information about their commuter habits and the perception of the
congestion factors. We also conducted the traffic flow counts by hand at the four vital traffic points, i.e., Shaheb
Bazar, Railgate, Bodra, and Kazla, at the time of peak hours. Because of the analysis, SPSS software was used to
identify traffic crossroads with the greatest delay and study the dependence between traffic flows and mean delay.
The survey data were fed into machine learning methods, which were used to decipher the answers of the residents
to understand the main factors leading to congestion in the city, therefore closing the gap between technical data
and the opinions of the people. Our results indicate a positive relationship that is significant between the number
of traffic and the average delay. On this analysis, a data-driven policy framework is suggested, which comprises
strategies of better mobility in urban areas and sustainable traffic management. It is an integrated strategy that
helps to build more efficient and sustainable urban transport in Rajshahi.
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1 Introduction

Traffic congestion is a topical challenge in the world nowadays as it causes delays and reduced safety, especially
in road systems with a rising number of vehicles within cities (Al-Enazi, 2016; Xiao et al., 2021). The mounting
issue of urban traffic jams, especially in fast-rising cities such as Rajshahi, Bangladesh, requires the provision of
creative and combined solutions using current technologies and evidence-based analysis (Siddique & Choudhury,
2017). Past methods of managing traffic are usually ineffective because they use traditional models and are unable
to provide extensive information to determine the dynamic and complex movement of urban traffic (Reis, 2025).
With the increase in the scale of the economy, the complexities in the urban road traffic are growing, and
preventative measures are required (Cuyos et al., 2019). These complications subject the traffic to longer travel
durations, fuel usage, and pollution to the environment, and thus, the need to create smart traffic management to
increase the efficiency of traffic and road safety (Q. Liu et al., 2023; Pillai Aravind Sasidharan, 2024; Yu et al.,
2021). These systems may help to greatly predict traffic results, predict traffic jams, and provide alternative routes,
thus making transportation activities in the city simpler (Musa et al., 2023). Traffic congestion has caused a
reduction in the quality of life, such as safety, air quality, and commute, due to the increasing urbanization
(Mystakidis et al., 2025). The economic expenses of the congestion are high, with the loss of productivity, fuel
wastage, and higher transportation costs, which inhibit economic growth and development (Zubairi et al., 2022).
Machine learning algorithms provide an opportunity to study very large datasets, discover latent patterns, and
forecast the future traffic situation with higher accuracy rates in comparison with traditional approaches. The
combination of machine learning and SPSS allows for considering the issue of urban traffic congestion more
holistically and based on data. With the help of the predictive capabilities of machine learning and the traffic data
provided by SPSS, transportation planners and policymakers will have the opportunity to learn the central factors
of congestion, discover the key bottlenecks, and devise interventions that could assist in enhancing traffic flow and
decreasing the level of congestion (R. Liu & Shin, 2025). This integrated approach has the potential to build
superior and sustainable urban transport networks that will lead to enhancing the quality of life, economic and
environmental sustainability in such cities as Rajshahi.

Traffic congestion in cities has been a trendy research issue in view of the increased complexity of urban
environments and available data and analytic resources. The study of artificial intelligence through machine
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learning has emerged as a powerful tool of computational complex data analysis and prediction across various
areas of application, including transportation.

Sustainable Development Goal 11 (SDG 11) suggests the notion of inclusive, safe, resilient, and sustainable cities
(United Nations, 2018), and focuses on the concept of better urban movement extensively. The use of technologies
such as statistical analysis or machine learning (ML) through smart city programs presents an opportunity to
resolve the problem of traffic congestion. These technologies can be helpful in receiving information on the
congestion pattern and help to develop efficient strategies to deal with traffic.

The primary objective of the paper is to explore the cause of traffic congestion and mean delay at key intersections
in the Rajshahi City Corporation. Specifically, the study will seek to: a) Measurement of the traffic flows and the
corresponding delays at the chosen intersections b) Determine statistically significant differences in the mean
delays of the intersections through ANOVA c) Determine the correlation between average delay and the volume
of traffic by means of correlation analysis d) Identify the most important reasons behind congestion according to
the surveys of the public opinion €) Confirm the results of perception-based research with machine learning models
and determine the key predictors of traffic congestion.

The research is innovative as it examines the perception of residents on traffic congestion, travel behavior, and
causes in the Rajshahi City Corporation region. The work opens the gap between the technical information and
layman's knowledge. The SPSS-ML hybrid of localized traffic congestion analysis in Rajshahi also yields unique,
practical information, which can be used to inform urban mobility planning and policy decisions in the case of the
city of Rajshahi.

2 Methodology

This study focuses on traffic congestion in Rajshahi City Corporation (RCC), located in the northwestern region
of Bangladesh. The study area was selected based on its growing urbanization and increasing traffic congestion,
which pose a significant challenge to urban mobility.

The data of the traffic flow were observed in the evening peaks of 7 working days, 4:00 PM to 6:00 PM, when
there is a lot of congestion in the zones. The study area was selected with four major traffic areas, such as Shaheb
Bazar, Railgate, Bodra, and Kazla, as they are the locations with considerable traffic. To measure traffic flows
manually in short intervals (e.g., 15 minutes) to ensure that peak traffic periods were counted, the tally method was
applied on a number of vehicles and pedestrians within the chosen time interval. Besides the manual counts of
traffic, video recording was done at the different intersections during the peak time to be able to accurately estimate
the average time delay of the vehicles. This recorded footage was then processed to identify the beginning and the
end of vehicle queues and calculate mean control delays with more accuracy.

One-Way ANOVA, Tukey post-hoc tests (both are used to identify significant differences in the means of delays
across intersections), and Pearson's correlation were used to evaluate the presence of significant differences in
means of delays across the intersections and evaluate the relationship between the volume of traffic and average
delay, respectively. A questionnaire survey of 207 participants was organized so that structural questions about the
perceived reasons behind congestion were used and both data-mined and visualized with Python packages,
including Pandas. In order to confirm the results of the survey, the machine learning models, like the Logistic
Regression and the Random Forest, were used to determine the major predictors of congestion, including the
frequency of daily commuting, road design, the activity of the vendors, and the composition of the traffic. The
combination of field measurements, statistical analysis, surveys based on perception, and predictive modeling
allowed to have a holistic perception of the dynamics of congestion in the City of Rajshahi, pointing to the aspect
of the infrastructural and behavioral factors that play a role in the delay of traffic. Such a data-driven method made
it possible to conduct an in-depth examination of the dynamics of congestion, and this resulted in specific policy
suggestions on how to make traffic management in RCC better.

3 Results and Discussions

3.1 Interpretation of traffic survey findings

Table 1 shows the mean traffic and the mean delay (in minutes) at each intersection. Kazla has the least average
delay because it has a rather small traffic volume, but Shaheb Bazar has the greatest average delay because its road
width is smaller, and the level of congestion is higher. The variation in delay implies that the volume of traffic is
not the only factor, as road design, lanes, and the land use around them are also very critical factors that influence
delay patterns.

Table 1: Average Traffic Volume and Delay at Selected Intersections
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Traffic Intersection Traffic Volume Average Delay (Minutes)
Kazla 951 1.025
Vodra 1316 1.2125
Shaheb Bazar 1483 1.825
Rail Gate 1641 1.5375

The results of the ANOVA prove that the difference between average delays at the four intersections is statistically
significant (F = 21.163, p < 0.001). This indicates that the location of the intersection is a significant factor in
average delay. The F-value is high, and this means that the variance between the intersections is far higher than the
variance between the same intersection in time slots.

Table 2: One-Way ANOVA Results for Average Delay among Intersections

Sum of df Mean Square F Sig.
Squares
Between Groups 1.501 3 .500 21.163 <.001
Within Groups 284 12 .024
Total 1.785 15

The Tukey HSD post-hoc test indicates that the delay of Shaheb Bazar is considerably more than that of Kazla,
Vodra, and Rail Gate. Also, Rail Gate depicts much delay as compared to Kazla and Vodra. There are, however,
differences like those between Shaheb Bazar and Rail Gate that are not significant at the 5 percent mark. These
findings are used to identify possible points of intervention, including how to make the most of the signal timing
or changing the lane distribution in highly delayed intersections.

Table 3: Tukey HSD Post-Hoc Test Results for Delay Differences between Intersections

@) @) Mean Std. Sig. 95% Confidence Interval
Road_intersection Road_intersection Difference Error
(1-J) Lower Upper Bound
Bound

Kazla Vodra -.18750 .10873 354 -.5103 1353
Shaheb Bazar -.80000" .10873 <.001 -1.1228 -4772

Rail Gate -.51250" .10873 .002 -.8353 -.1897

Vodra Kazla 18750 .10873 354 -.1353 5103
Shaheb Bazar -.61250" .10873 <.001 -.9353 -.2897

Rail Gate -.32500" .10873 .048 -.6478 -.0022
Shaheb Bazar Kazla .80000" .10873 <.001 4772 1.1228
Vodra .61250" .10873 <.001 2897 9353

Rail Gate 28750 .10873 .087 -.0353 .6103

Rail Gate Kazla .51250" .10873 .002 .1897 .8353
Vodra .32500" .10873 .048 .0022 .6478

Shaheb Bazar -.28750 .10873 .087 -.6103 .0353

*. The mean difference is significant at the 0.05 level

In Table 4, the correlation coefficient (r = 0.758, p < 0.001) indicates a strong, positive, and statistically significant
relationship between traffic volume and average delay. This means that as traffic volume increases, average delay
also tends to increase, although other factors such as road width and traffic control measures also influence delay.
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Table 4: Pearson Correlation between Traffic Volume and Average Delay
Avg_delay_min Traffic_Count
Avg_delay min Pearson Correlation 1 758"
Sig. (2-tailed) <.001
N 16 16
Traffic_Count Pearson Correlation 758" 1
Sig. (2-tailed) <.001
N 16 16

**_Correlation is significant at the 0.01 level (2-tailed)

In this study, Shaheb Bazar is facing heavy congestion due to having a smaller road width, along with frequent
stop-and-go movement patterns, as it is one of the biggest commercial zones in the Rajshahi City Corporation
(RCO).

Mean of Avg_delay_min

Kazla Vodra Shaheb Bazar Rail Gate

Road_intersection

Figure 1: Scatter plot showing the relationship between Traffic Volume and Average Delay

The relationship depicted in this figure is a positive correlation between the level of traffic and the mean delay at
the crossings that were monitored. Congestion effects are observed as delays increase with the increase in the
traffic volume. The dispersion of points also implies the fact that road geometry and cross-road control have an
effect on the variability of the delays.

3.2 Interpretation of Survey Interview Findings

Out of 207 respondents who participated in the survey, 167 (80.7%) claimed to have been experiencing congestion
in Rajshahi. The data analysis with the help of Pandas found both general and location-specific trends in perceived
causes. Rickshaws (18.9%), narrow or poorly designed roads (17.8%), or roadside vendors (14.2%) were the most
common elements across all respondents, with illegal parking (11.3%), mixed traffic (10.9%), or congestion near
bazars (9.3%) being less prevalent issues. Enforcement-related factors like police presence (8.0%), signals (7.6%),
or school traffic (2.0%) were of minor concern. This implies that management weaknesses are not seen as so
important as structural and infrastructural problems. Intersection-level analysis indicated that Shaheb Bazar
(33.6%) and Railgate (25.1%) were the most congestion-prone places. Congestion associated with commercial
density and physical limitations was the most prevalent in Shaheb Bazar, with most people using narrow roads
(24.3%), rickshaws (15.6%), and vendors (15.2%). Mixed traffic (28.5%) and rickshaws (21.5%) were the most
important in Railgate, which means that it is not very easy to manage the composition and flow of traffic.

Table 5: Survey Respondents’ Perceived Reasons for Traffic Congestion in Shaheb Bazar and Railgate

Reason Shaheb Bazar (%) Railgate (%)
Narrow roads 243 6.3
Rickshaws 15.6 21.5
Vendors 15.2 7.6
Illegal parking 13.6 9.5
Congestion at bazars 11.1 7.0
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Ineffective signals 8.2 9.5
Lack of police 7.8 8.9
School traffic 2.5 1.3
Mixed traffic 1.6 28.5

Machine learning models supported these results of the surveys. According to the Logistic Regression (accuracy
79%), the frequency of commute to school daily, bus use, the bus vendors, as well as Shaheb Bazar intersection
were ranked as the best predictors whereas the Random Forest (accuracy 79%) was able to identify the distance of
travel, travel time, daily commute, and congestion at the Shaheb Bazar intersection. The results of the ML are
aligned with those found in perception, which proves that commute patterns, travel mode, and hotspot locations
are some of the major contributors to the congestion in Rajshahi.

5 Recommendations

Based on the study's findings, the following recommendations are proposed to address traffic congestion in the
Rajshahi City Corporation (RCC).

e Use Location-Specific Interventions: The researchers established that the reasons behind congestion are
different across locations. At Shaheb Bazar, manipulation of the time of signals and lane distribution
should be the strategy. In the case of Railgate, in which mixed traffic is one of the factors of concern, the
management should consider traffic composition and flow as the priority.

e Address Roadside Encroachment: Authorities should enforce regulations against roadside vendors and
illegal parking, which were identified as significant perceived causes of congestion by residents.

e Manage Mixed Traffic: Have strategies like exclusive lanes or certain roads for non-motorized vehicles,
such as rickshaws, which were mentioned to be the major cause of congestion.

e Invest in Infrastructural Enhancement: Long-term policy should be aimed at expansion of major road
areas and redesigning of crossroads in high-delay locations such as Shaheb Bazar.

e Adopt Intelligent Traffic Systems (ITS): RCC ought to contemplate adopting the use of Intelligent Traffic
Systems (ITS) in high-traffic areas to operate real-time data to dynamically change the traffic lights and
predict traffic congestion.

6 Conclusion

This research was a quantitative and qualitative integrated analysis of the urban traffic congestion in Rajshahi City
Corporation (RCC) through both quantitative and qualitative analysis of traffic data and resident survey,
respectively. The SPSS analysis revealed that the correlation between traffic volume and average delay is very
strong and statistically significant. According to the findings, intersection location is an important factor
influencing delay, with Shaheb Bazar having the highest mean delay caused by the combination of several factors,
such as its small road width and being a large commercial area. Using machine learning on the survey data also
supported the social idea of congestion being largely blamed on structural and infrastructural factors, including
rickshaws, narrow roads, and roadside vendors. This effective combination of the technical information and
community knowledge facilitates the formulation of a data-driven policy to manage traffic sustainably, which is in
line with Sustainable Development Goal 11 (SDG 11). The study emphasizes the urgent necessity of location-
specific, focused solutions, which integrate infrastructure upgrades with actions to control the traffic composition
and encroachment to improve urban mobility and quality of life in RCC.

References

Al-Enazi, M. (2016). Traffic Congestion Evaluation using GIS Case Study: Jeddah City. In International Journal
of Computer Applications (Vol. 138, Issue 1). https://doi.org/10.5120/ijca2016908634

Cuyos, K. G., Ubanan, D. R., & Ceniza, A. M. (2019). Computer simulation model for traffic enforcement using
unity engine. IOP Conference Series: Materials Science and Engineering, 482(1).
https://doi.org/10.1088/1757-899X/482/1/012018

Liu, Q., Liu, Y., & Lin, D. (2023). Revolutionizing Target Detection in Intelligent Traffic Systems: YOLOvVS-
SnakeVision. Electronics (Switzerland), 12(24). https://doi.org/10.3390/clectronics 12244970

Liu, R., & Shin, S.-Y. (2025). 4 Review of Traffic Flow Prediction Methods in Intelligent Transportation System
Construction. https://doi.org/10.20944/preprints202503.0643.v1

1103



E. Biswas, S. S. D. Pijon & B. B. B. Dipu
ICCEI 2025

Musa, A. A., Malami, S. 1., Alanazi, F., Ounaies, W., Alshammari, M., & Haruna, S. I. (2023). Sustainable Traffic
Management for Smart Cities Using Internet-of-Things-Oriented Intelligent Transportation Systems (ITS):
Challenges and Recommendations. Sustainability (Switzerland), 15(13).
https://doi.org/10.3390/su15139859

Mystakidis, A., Koukaras, P., & Tjortjis, C. (2025). Advances in Traffic Congestion Prediction: An Overview of
Emerging Techniques and Methods. In Smart Cities (Vol. 8, Issue 1). Multidisciplinary Digital Publishing
Institute (MDPI). https://doi.org/10.3390/smartcities8010025

Pillai Aravind Sasidharan. (2024). TRAFFIC MANAGEMENT: IMPLEMENTING Al TO OPTIMIZE TRAFFIC
FLOW AND REDUCE CONGESTION 1 Aravind Sasidharan Pillai 1 Principal Data Architect.
https://doi.org/http://dx.doi.org/10.2139/ssrn.4916398

Reis, M. J. C. S. (2025). Internet of Things and Artificial Intelligence for Secure and Sustainable Green Mobility:
A Multimodal Data Fusion Approach to Enhance Efficiency and Security. Multimodal Technologies and
Interaction, 9(5). https://doi.org/10.3390/mti9050039

Siddique, Md. A. B., & Choudhury, C. F. (2017). Modelling the Behavioural Response to Congestion Pricing in
Dhaka, Bangladesh. Transportation in Developing Economies, 3(2). https://doi.org/10.1007/s40890-017-
0052-y

Xiao, H., Wang, Y., Zheng, Y., & Chen, L. (2021). Research on GIS-Based Urban Road Network Congestion
Recognition Model. IOP Conference Series: Earth and Environmental Science, 768(1).
https://doi.org/10.1088/1755-1315/768/1/012164

United Nations. (2018). Goal 11: Make cities and human settlements inclusive, safe, resilient and sustainable.
United Nations. https://doi.org/10.18356/8e9aaf0a-en

Yu, K., Qin, X,, Jia, Z., Du, Y., & Lin, M. (2021). Cross-attention fusion based spatial-temporal multi-graph
convolutional network for traffic flow prediction. Sensors, 21(24). https://doi.org/10.3390/s21248468

Zubairi, J. A., Idwan, S., Haider, S. A., & Hurtgen, D. (2022). Smart City Traffic Management for Reducing
Congestion. [EEE 19th International Conference on Smart Communities: Improving Quality of Life Using
ICT, IoT and Al, HONET 2022, 225-230. https://doi.org/10.1109/HONET56683.2022.10018963

1104


https://doi.org/10.1088/1755-1315/768/1/012164

