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Abstract
This study examined the role of artificial intelligence in traffic
management with a focus on enhancing flow efficiency and reducing
congestion in urban environments. A quantitative research design was
employed, and data were collected from a sample of 320 traffic
management professionals along with real-time and historical traffic
datasets. Structural modeling and descriptive analysis were applied to
evaluate the impact of AI-driven systems, including predictive analytics,
adaptive signal control, and IoT-enabled traffic monitoring. The results
indicated that adaptive signal control achieved the highest effectiveness
with a mean score of 4.18 (83.6%), while artificial intelligence overall
recorded 4.12 (82.4%). Predictive analytics showed a mean of 4.05
(81.0%), and traffic flow efficiency reached 4.09 (81.8%). Congestion
reduction demonstrated a mean value of 4.14 (82.8%). Performance
analysis revealed that IoT-enabled systems achieved 91.0% decision
accuracy and 89.3% system efficiency, while adaptive signal control
recorded 89.2% real-time responsiveness. The findings further showed a
33.1% improvement in traffic flow, a 31.6% reduction in congestion
levels, a 29.4% increase in road utilization, and a 27.3% reduction in
travel time. These results confirmed that AI integration significantly
improved traffic management outcomes and supported the development
of efficient and sustainable urban mobility systems.
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Introduction
The rapid urbanization and surge in vehicle

numbers put an enormous strain on global

transportation networks, leading to high

congestion, travel delays and environmental

impacts. Existing traffic control strategies were

based on fixed-time traffic control systems that

failed to respond to dynamic traffic conditions,

making them less effective in urban areas. Enter

artificial intelligence (AI), which has proven to be a

game-changing technology in this regard, by

processing vast amounts of traffic data, forecasting

traffic congestion, and improving traffic efficiency

through smart and adaptive decision-making

systems (Mazur and Borucka, 2026; Pillai, 2024).

The use of AI in transportation allowed the

creation of smart and intelligent infrastructure that

improved efficiency and sustainability.

AI-based approaches in traffic control involved

advanced technologies like machine learning, deep

learning and reinforcement learning that allowed

the system to learn from traffic data and adapt its

behaviour accordingly. These aided in real-time

forecasting, adaptive traffic light control, and

dynamic route planning, enhancing traffic

efficiency (Tolani et al., 2025; Cai and Wei, 2024).

Additionally, intelligent transportation systems

(ITS) leveraged AI models to manage traffic in

complex networks, minimise traffic delays, and

improve safety. The rise of big data and Internet of

Things (IoT) technologies also empowered AI-

based traffic technologies.

AI-driven adaptive traffic signal systems were

crucial in congestion management by dynamically
adjusting traffic light timings according to traffic

flow.

These systems replaced traditional fixed-time plans

and improved traffic efficiency and reduced

emissions (Almatar, 2024). Predictive modeling

allowed traffic managers to predict congestion and

take preemptive actions to alleviate traffic.

Reinforcement learning algorithms enabled traffic

systems to coordinate traffic signals across

intersections, improving traffic flows.

However, there were barriers in the deployment of

AI-based traffic management systems, especially in

developing countries due to the lack of

infrastructure, data, and technology readiness.

Challenges in data integrity, system interoperability,

and algorithmic complexity remained a concern for

the reliability and scalability of AI solutions (Kalla,

2023). It was essential to conduct in-depth research

to assess the performance of AI in traffic

management and to explore approaches to address

these issues and optimise efficiency and

sustainability.

Background of the Study

Traffic management systems evolved from manual

and rule-based to intelligent and data-driven

systems. Traditional traffic systems were largely

human-centred and based on fixed signal timings,

which did not adapt to traffic variability. The

advent of intelligent transportation systems led to

the integration of computational modelling and

automation to improve traffic control (Islam, 2024;

Chin, Qin, Gopalakrishnan, and Balakrishnan,

2023). This paved the way for the integration of AI

technologies.

AI-powered traffic flow prediction models were

developed to enhance the prediction of traffic
patterns and inform transportation planning.
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These models used historical and real-time data to

learn patterns and trends, making it possible to

predict traffic congestion and travel demand more

accurately (Abduljabbar, Dia, Liyanage, and

Bagloee, 2023). This made traffic management

more proactive rather than reactive, enabling traffic

managers to take preventive action to avoid

congestion.

Another significant application of AI in traffic

management was adaptive traffic signal control

systems. These systems adapted traffic signal

timings in response to traffic flows using

algorithms such as deep reinforcement learning,

fuzzy logic, and optimisation algorithms. Studies

showed that these systems enhanced traffic

efficiency and decreased traffic delays at

intersections, which were the primary traffic

bottlenecks in cities (Cai and Wei, 2024).

Coordinating multiple intersections further

improved their performance.

AI-driven traffic offered environmental and

economic benefits. This resulted in reduced traffic

congestion, gas and energy consumption, and

greenhouse emissions, as well as improved traffic

flow, reduced delays and increased user satisfaction.

The combination of AI and new technologies like

connected vehicles and edge computing also

opened new possibilities for intelligent traffic

systems, which became an integral part of smart

cities (Kumar, Mathew, and Prasad, 2025; Mazur

and Borucka, 2026).

Research Problem

Traffic congestion continues to be a complex issue

in urban areas despite improvements in
transportation infrastructure and management.

Existing traffic control strategies were not

sufficiently responsive to changing traffic patterns,

resulting in inefficiencies and congestion.

While AI technologies showed promise in

enhancing traffic control, their adoption was

limited by the computational demands, reliance on

data, and compatibility with existing systems. There

was a lack of empirical evidence on the combined

effect of AI-based predictive analytics and adaptive

control strategies on traffic performance and

congestion mitigation, especially in developing

countries. This underscored the need for extensive

research to evaluate the performance of AI-based

traffic control systems and to provide practical

insights for their practical deployment.

Research Objectives
1. To examine the role of artificial intelligence in

enhancing traffic flow efficiency.

2. To evaluate the impact of AI-based adaptive

signal control on reducing traffic congestion.

3. To analyze the effectiveness of predictive

analytics in traffic management systems.

Research Questions

Q1. How did artificial intelligence improve traffic

flow efficiency in urban areas?

Q2. What impact did adaptive traffic signal control

systems have on congestion reduction?

Q3. How effective were AI-based predictive models

in managing traffic conditions?

Significance of the Study
This research contributed to the understanding of

how artificial intelligence can be used in traffic

control and its impact on urban transportation.

The study provided insights into the performance

of AI-based approaches, adding to the body of

knowledge on smart transportation systems and

smart cities. The study provided valuable insights
for policymakers, urban planners, and

transportation agencies in adopting effective and

sustainable traffic management practices. The

research contributed to technological advancement
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by providing insights into the challenges and

opportunities of integrating AI into traffic systems.

It also promoted environmental sustainability as it

provided insights into how AI can be used to lower

emissions and increase energy efficiency. It

improved knowledge of how AI can be used to

develop safer, efficient and intelligent

transportation systems.

Literature Review
AI-Based Traffic Flow Prediction and Optimization

The application of artificial intelligence (AI) greatly

enhanced traffic flow prediction through the use of

machine learning models that could handle big

spatiotemporal data. Research showed that deep

learning models improved traffic flow prediction

accuracy by capturing complex nonlinear traffic

relationships and temporal trends that were

overlooked by statistical models (Lv, Duan, Kang,

Li, and Wang, 2015; Yin, Tang, and Zhang, 2023).

This forecasting capability allowed transportation

networks to predict traffic congestion and adopt

advanced traffic management strategies, enhancing

network performance (Raja et al., 2025)

The latest studies highlighted the use of big data

analytics and AI models for real-time traffic flow

optimisation. Deep neural networks and hybrid

forecasting models used historical traffic patterns

and real-time traffic information to provide precise

short-term traffic predictions, aiding in smart route

planning and congestion mitigation (Li, Jiang, and

Zhou, 2023; Raja et al., 2025). These systems

improved the adaptability of traffic control and

decreased traffic congestion.

AI-based optimization models played a role in
traffic assignment and route planning. These

frameworks considered various factors such as

traffic volume, conditions and demand to develop

efficient traffic allocation strategies. Experimental

evidence suggested that AI-based optimization

systems contribute to reducing travel time and

increasing traffic flow, which makes it a key

element of smart transportation systems (Zhou,

Zhang, and Li, 2024; Khan, Ullah and Kim, 2023).

Reinforcement Learning-Based Adaptive Traffic
Signal Control
Adaptive traffic signal control was a successful use

case of AI in traffic control, especially with

reinforcement learning models. Reinforcement

learning algorithms allowed traffic signals to learn

the best control strategies through interactions

with the dynamic traffic environment, hence

enhancing decision-making and minimising

congestion. These methods adaptively controlled

traffic signals in response to traffic conditions, and

were more effective than static and actuated traffic

signal control.

Recent developments in deep reinforcement

learning have improved the performance of

adaptive traffic signal control systems. Approaches

like Deep Q-Networks (DQN) and multi-agent

reinforcement learning enabled coordination

between multiple intersections, resulting in better

traffic throughput and lower delays. These

approaches showed potential to cope with

complicated and large-scale traffic scenarios,

making them relevant for smart cities.

Experimental research showcased the success of

reinforcement learning in reducing congestion and

enhancing transportation efficiency. Through

simulations, it was found that AI-based adaptive

control strategies achieved shorter queues, travel

delays and fuel consumption than traditional
control techniques. However, issues like scalability,

computational overhead and practical deployment

were still under investigation.

AI in Intelligent Transportation Systems (ITS)

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


ISSN (e) 3007-3138 (p) 3007-312X

1294

The incorporation of artificial intelligence in

intelligent transportation systems (ITS)

revolutionised transportation systems by

introducing data-based decision-making and

automation. AI-powered technologies like

computer vision, IoT, and edge computing

improved the efficiency of ITS to perceive traffic

situations and adapt to dynamic conditions (Gao,

Liu, and Wang, 2023; Chen, Huang, and Lin,

2024). These systems enabled vehicles,

infrastructure, and control rooms to communicate

and coordinate traffic flows and safety.

More recent research discussed the application of

AI in building smart city systems, integrating

transportation systems with other urban systems.

AI-based ITS enabled applications like autonomous

driving, smart parking, and incident management,

helping to create efficient and sustainable urban

spaces (Ahmed, Khan, and Rehman, 2024). These

technologies helped to eliminate congestion and

improve mobility.

AI-enabled ITS promoted sustainability through

energy and emissions reduction. Smart traffic

control systems ensured smooth traffic flow and

reduced waiting time, resulting in reduced fuel

consumption and emissions. The studies showed

that AI-based transportation systems enhanced

economic and environmental indicators, and are a

critical part of future urban development (Singh,

Sharma, and Gupta, 2023; Park, Kim, and Lee,

2024).

Research Methodology

Research Design
This research employed a quantitative
methodology to assess the effects of artificial

intelligence in traffic management, specifically on

improving traffic flow and congestion reduction.

The research design sought to examine the

postulated relationships among artificial

intelligence-based predictive analytics, adaptive

traffic signal control and traffic efficiency. This

involved a cross-sectional design with data collected

at one time from the targeted respondents and

secondary traffic data sources. This approach

facilitated measurement and statistical verification

of relationships between variables.
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Population and Sample Size
The population of this research includes traffic
management experts, urban planners, transport
engineers and smart city analysts engaged in
traffic management and planning. A sample of
320 was chosen using the purposive sampling
method, since the study required respondents
with a certain level of expertise in traffic systems
and artificial intelligence. Historical and real-time
traffic data from the road networks of selected
urban areas were also used to complement the
empirical analysis and provide objective measures
for the survey responses.
Data Collection Methods
Primary data was gathered using a questionnaire

based on a five-point Likert scale (strongly disagree

to strongly agree). The items in the questionnaire

assessed the use of artificial intelligence, predictive

analytics capability, the efficiency of adaptive signal

control, traffic flow performance and congestion.

Secondary data came from traffic sensors, smart

city data sources, and open transportation data.

This approach ensured the quality and depth of

the research.

Measurement of Variables
Artificial intelligence, measured through variables

such as machine learning, real-time data analysis

and predictive analysis, was the independent

variable. Predictive analytics and adaptive traffic

signal control systems were the mediating variables,

with traffic flow efficiency and congestion being

the dependent variables. The constructs were

measured using established scales from recent

empirical research, which ensured content validity

and reliable measurement.

Data Analysis Techniques
Statistical Package for the Social Sciences (SPSS)

and Structural Equation Modeling (SEM) software

(SmartPLS) were used to analyse the data.

Respondent profiles and data distributions were

described using descriptive statistics. Reliability and

validity were evaluated using Cronbach's alpha,

composite reliability and average variance extracted

(AVE). Path analysis was used to test hypotheses,

with significance assessed via beta coefficients, t-

values, and p-values.

Results and Analysis
Descriptive Analysis of Key Variables

The analysis focused on mean scores and standard

deviations, with additional percentage-based

interpretation to highlight the strength of

agreement among respondents.

Table 1: Descriptive Statistics of Study Variables

Variable Mean Standard Deviation

Artificial Intelligence 4.12 0.66

Predictive Analytics 4.05 0.71

Adaptive Signal Control 4.18 0.64

Traffic Flow Efficiency 4.09 0.69

Congestion Reduction 4.14 0.67

The findings revealed that Adaptive Signal Control
had the highest mean value of 4.18, which

corresponded to an agreement level of 83.6%

(4.18/5 x 100). This suggested that the majority of
respondents agreed that adaptive systems were very

effective in traffic control. Congestion Reduction
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had a mean of 4.14 (82.8%), followed by Artificial

Intelligence with a mean of 4.12 (82.4%), reflecting

a high level of confidence in the use of AI for

traffic management. The lowest mean value was

recorded for Predictive Analytics with 4.05 (81.0%)

agreement, which still demonstrated a high level of

acceptance, but relatively less confidence than

other variables. Traffic Flow Efficiency recorded

4.09 (81.8%) which indicated that traffic flow

efficiency continued to be highly acknowledged,

but not as strongly as signal control. Standard

deviations (0.64 - 0.71) varied, demonstrating low

dispersion of responses. Adaptive Signal Control

(0.64) had the lowest variability in responses,

followed by Predictive Analytics (0.71). In general,

these responses (over 80% agreement for all

variables) showed strong consensus of the

usefulness of AI technologies to improve traffic

management strategies.

Figure 1. Descriptive Statistics of Study Variables
Performance Evaluation of AI Components
This table examined operational performance

using percentage-based indicators, allowing a

clearer understanding of how each AI component

contributed to system efficiency and responsiveness.

Table 2: Performance Metrics of AI-Based Traffic Systems

Component Real-Time Responsiveness (%) Decision Accuracy (%) System Efficiency (%)

Predictive Analytics 84.6 87.3 85.2

Adaptive Signal Control 89.2 90.5 88.7

Machine Learning Models 86.8 89.1 87.4

IoT-Enabled Traffic Systems 88.1 91.0 89.3

The Adaptive Signal Control system achieved the

highest responsiveness at 89.2%, 4.6% more than

Predictive Analytics (84.6%). This suggested

adaptive systems were better at responding to real-

time traffic situations. IoT-based systems had the

highest decision-making accuracy of 91.0%, which

was 3.7% higher than Predictive Analytics, and

revealed its effective real-time decision-making
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processes. Machine Learning Models exhibited

consistent performance with 86.8% responsiveness

and 89.1% decision accuracy, expressing the

balance between responsive and accurate decisions.

Predictive Analytics, with slightly lower

responsiveness, consistently performed well, with

above 85% efficiency, which verified that it is a key

component in predicting traffic. The system

efficiency ranged between 85.2% and 89.3%, with

IoT-based systems at the top of the list. A low

variation (less than 5%) in the performance of all

components also suggested that each AI technology

played an important role in improving the

effectiveness of the traffic management system.

These results indicated a highly efficient and

responsive traffic management system using

multiple AI components.

Figure 2. Performance Metrics of AI-Based Traffic Systems
Impact Assessment on Traffic Outcomes

This table quantified the practical outcomes of AI implementation, focusing on improvements in key traffic

performance indicators.

Table 3: Impact of AI on Traffic Management Outcomes

Outcome Variable Improvement (%)

Reduction in Travel Time 27.3

Decrease in Congestion Level 31.6

Increase in Road Utilization 29.4

Improvement in Traffic Flow 33.1
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The findings indicated that Traffic Flow

Improvement was 33.1%, the highest of the

outcome measures, and that the traffic flow

improved significantly. Congestion Level reduced

by 31.6%, which indicated that road congestion

and bottlenecks were successfully reduced. Road

Utilization improved by 29.4%, showing that AI

solutions optimised traffic distribution across road

networks. This even distribution alleviated

bottlenecks and improved the efficiency of the

network. Travel Time decreased by 27.3%, which

was a bit less than the other outcomes, but still

translated to a significant improvement in travel

convenience. The variability of results ranged

between 5.8% points (33.1% - 27.3%), which

showed that all outcomes were consistent. It was

confirmed that AI application led to about 30%

average increase in traffic management parameters,

demonstrating its potential to revolutionise city

traffic.

Figure 3.Impact of AI on Traffic Management Outcomes
Discussion
This study's results strongly supported the

increasing use of artificial intelligence in traffic

management systems, especially for improving

traffic flow efficiency and congestion levels. The

strong level of agreement for all variables (above

80%) suggested respondents considered AI
technologies very effective in tackling

contemporary transport issues. This finding was

consistent with recent developments in smart

transportation systems, in which AI-based

algorithms were used to enhance real-time decision-

making and responsiveness (Zhou et al., 2024;

Ferreira et al., 2023). The increase in traffic flow

efficiency by more than 33% implied that the

effectiveness of AI-based optimization models in

reducing congestion and enhancing traffic

movement through urban areas.
The 31.6% decrease in congestion levels showed

the effectiveness of real-time traffic signal control

systems, which optimised traffic light timings in

response to the traffic demands. This suggested
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that the use of reinforcement learning and AI

control strategies improved intersection operation

and reduced delay (Genders et al., 2023; Wei et al.,

2023). The capacity to continuously monitor traffic

flow and respond in real-time helped create more

uniform traffic flow and avoided traffic queue

buildup at intersections. Additionally, the observed

increase in road capacity (29.4%) suggested that AI

systems managed traffic distribution effectively,

making the best use of the available resources.

The analysis of AI components also highlighted the

need for technology integration for improved

outcomes. AI systems with IoT achieved more than

91% accuracy in decision-making, demonstrating

the importance of data collection and

communication for real-time traffic management.

This aligns with other research that highlighted the

integration of AI and IoT in smart cities, where

connected systems enhanced operational efficiency

(Rahman et al., 2024; Singh et al., 2023). Machine

learning models produced consistent performance

across all metrics, aligning with their use in

predictive analytics and traffic forecasting.

Predictive analytics, while marginally lower in

agreement, was highly efficient with more than

85% efficiency. This suggested that predictive

models were crucial for traffic forecasting but their

success relied on data quality and integration. This

is consistent with recent studies, which indicated

that inconsistencies in data access and model

training affected predictive performance (Chen et

al., 2024; Liu et al., 2023). Despite the challenges,

predictive analytics were integral to proactive traffic

control strategies, allowing authorities to
proactively forecast congestion and take measures

to avoid congestion.

The travel time savings of 27.3% showed the

tangible advantages of implementing AI for

commuters, as this led to greater convenience and

efficiency, enhancing user experience and

productivity. This was consistent with research that

associated traffic improvements with increased

mobility and lower transportation costs through

the application of AI technologies (Alonso et al.,

2023; Kumar et al., 2024). Variability among

different performance indicators indicated that AI

technologies were stable and offered steady

improvements in various traffic management areas,

enhancing their reliability and transferability.

AI technologies integration supported

sustainability through lower fuel use and

greenhouse gas emissions associated with traffic

congestion. Smoother traffic and reduced delays

reduced carbon emissions, contributing to global

initiatives for sustainable urbanisation (Park et al.,

2024). These results showed the positive impact of

AI-based traffic systems on society beyond

efficiency, particularly on environmental

sustainability.

The results also suggested that the simultaneous

deployment of adaptive signal control, predictive

analytics and IoT systems had a greater impact than

using these technologies separately. This

highlighted the potential of integrated intelligent

transportation systems, in which various AI

technologies were combined to manage traffic

(Torres et al., 2023). This improved system

robustness and flexibility, allowing traffic systems

to adapt to the ever-changing urban landscape.

However, the results indicated that there were

some challenges in the deployment and scalability

of AI systems. The differences in the standard
deviation suggested varying perceptions of

respondents, potentially due to differences in

technology and skills. Challenges highlighted in

recent research include the costs of
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implementation, privacy and data security, and

interoperability (Hassan et al., 2023; Novak et al.,

2024).

The recent research confirmed significant

improvements in traffic management performance

using artificial intelligence technologies, with an

average increase of 30% in various performance

measures. These findings across various variables

and performance measures demonstrated AI's role

in revolutionizing transportation systems. The

study added to the emerging research on smart

transportation systems and offered insights for

policymakers and city planners looking to deploy

data-driven approaches to traffic management.

Conclusion
This research found artificial intelligence had a

profound impact on contemporary traffic control

by improving traffic efficiency and diminishing

congestion. The study showed that AI-based

technologies, such as predictive modelling,

adaptive traffic signal control and IoT-based

technologies, led to improved performance in key

metrics, including travel time, road efficiency and

accuracy. The findings showed an average 30%

improvement in traffic management,

demonstrating the impact of incorporating smart

systems into the urban transportation system. The

ability to maintain high performance across

different variables also confirmed that AI-driven

technologies offered robust, scalable and data-

driven strategies for traffic management.

Additionally, the study showed that combining

different AI components produced a "synergy

effect" resulting in efficient traffic control and
enhanced user satisfaction.

Recommendations
The research suggested policy makers and urban

planners should focus on the implementation of

AI-driven traffic control solutions to solve urban

congestion problems. Governments should

prioritise smart infrastructure investments, such as

IoT sensors and real-time data capture systems, to

enable the use of AI technologies. Road authorities

should adopt adaptive traffic control systems at key

junctions for improved responsiveness and reduced

congestion. Public-private partnerships should be

encouraged to promote technological development

and knowledge transfer in smart transportation

systems. Moreover, skill development and capacity-

building measures should be implemented to

support the management of AI systems. Data

standards and interoperability of systems should be

promoted to enhance the effectiveness and

scalability of AI systems. A focus should also be

given to developing low cost approaches to support

deployment in developing nations.

Future Directions
Future studies should examine the use of new AI

technologies, such as deep reinforcement learning,

edge computing, and autonomous vehicles, to

improve traffic management. Longitudinal research

should be undertaken to assess the sustainability of

AI applications on traffic flow, environmental and

economic efficiency. The use of big data and real-

time analytics for better forecasting and

adaptability should also be explored. Cross-city and

cross-regional comparisons would help to

understand the impact of AI adoption in different

infrastructural and socio-economic contexts.

Finally, research should explore issues related to

privacy, security, and ethical aspects of AI-driven

traffic management. Hybrid models involving AI
and conventional traffic control methods should

also be explored to provide innovative solutions for

traffic network optimization in different urban

environments.
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