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Abstract  

This study presents a systematic review of recent literature that explores the relationship between road capacity and level of 

service (LOS), two critical components in transportation engineering and urban planning. As traffic volumes continue to grow 

in urban environments, understanding how road capacity impacts service quality is essential for improving mobility, reducing 

congestion, and planning sustainable transportation systems. The review synthesizes findings from multiple peer-reviewed 

sources, focusing on key methodologies, variables, and evaluation criteria used to assess capacity and LOS in different 

contexts. In addition to traditional analytical frameworks, this study incorporates a bibliometric analysis using VOSviewer to 

visualize keyword connections and research trends. The results reveal that evaluation methods, road geometry, and strategic 

design are dominant themes in literature, while gaps remain in studies integrating real-time data and behavioral factors. This 

research contributes to the field by mapping current knowledge, identifying emerging research directions, and offering insights 

for future transportation policy and infrastructure development efforts. 
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1. Introduction  

The rapid growth of motorized vehicles in urban areas has increased pressure on existing road infrastructure [1]. 

Transportation systems are the backbone of urban development, facilitating the movement of people and goods 

efficiently [2]. Recent advancements in transportation engineering have focused on integrating intelligent systems 

to enhance traffic flow and safety [3]. For instance, the implementation of adaptive traffic signal control has shown 

significant improvements in reducing congestion [4]. Moreover, the adoption of vehicle-to-infrastructure 

communication technologies is paving the way for smarter cities [5]. These innovations are crucial in addressing 

the growing demands of urban mobility. 

Sustainable transportation has become a focal point in recent research, emphasizing the need for eco-friendly and 

energy-efficient modes of travel [6]. Studies have explored the integration of electric vehicles and the development 

of supporting infrastructure to promote their usage. Additionally, the concept of multimodal transportation systems 

is gaining traction, aiming to provide seamless connectivity between different modes of transport [7]. Such systems 

not only enhance user convenience but also contribute to reducing carbon emissions. Policy frameworks are being 

developed to support these sustainable initiatives [8]. 

The resilience of transportation networks against natural disasters and unforeseen events is another area of 

significant research [9]. Analyss have been conducted to assess the vulnerability of infrastructure and to develop 

strategies for rapid recovery [10]. Incorporating resilience planning into transportation projects ensures continuity 

of services during adverse conditions. Moreover, the use of simulation models helps in predicting potential 

disruptions and in formulating mitigation plans [11]. These proactive measures are essential for maintaining the 

reliability of transportation systems. 

Equity in transportation access remains a critical concern, with research highlighting disparities faced by different 

population groups [12]. Efforts are being made to design inclusive transportation systems that cater to the needs 

of all users, including those with disabilities [13]. Community engagement and participatory planning are 

emphasized to ensure that infrastructure developments reflect the diverse requirements of the population. 
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Furthermore, data analytics are employed to identify underserved areas and to prioritize investments accordingly 

[14]. Addressing these equity issues is vital for fostering social inclusion and mobility justice [15]. 

The integration of emerging technologies such as autonomous vehicles and artificial intelligence is revolutionizing 

the transportation landscape. Pilot projects have demonstrated the potential of self-driving cars in improving safety 

and efficiency [16]. Artificial intelligence algorithms are being utilized for predictive maintenance and real-time 

traffic management [17]. These technological advancements necessitate the development of new regulatory 

frameworks and ethical guidelines [18]. Continuous research and collaboration among stakeholders are essential 

to navigate the challenges and opportunities presented by these innovations [19]. 

Urban traffic congestion remains a pressing issue in many cities worldwide, leading to increased travel times and 

environmental concerns [20]. Recent studies have focused on intelligent planning to mitigate congestion through 

advanced technologies and data analysis. For instance, [21] proposed intelligent planning methods to address urban 

traffic congestion, emphasizing the role of data-driven approaches in traffic management. Similarly, [22] 

developed an agent-based framework for urban traffic congestion management, highlighting the effectiveness of 

multi-agent systems in real-time traffic control. These innovative approaches aim to enhance traffic flow and 

reduce congestion in urban areas. 

The integration of Internet of Things (IoT) and Artificial Intelligence (AI) technologies has shown promise in 

optimizing traffic management systems. [23] discussed the development of a smart traffic management system 

utilizing IoT and AI to reduce urban congestion in major Indonesian cities. Their findings indicate significant 

improvements in traffic flow and reduced travel times during peak hours. Additionally, [24] introduced an AIoT-

based smart traffic management system that processes live video feeds to adapt traffic signals dynamically, 

resulting in a 34% improvement in traffic flow efficiency. These advancements demonstrate the potential of 

technology-driven solutions in addressing traffic challenges [25]. 

Policy interventions, such as congestion pricing, have been implemented to manage traffic demand and reduce 

congestion. In New York City, the introduction of a $9 congestion fee led to an 8% reduction in vehicles entering 

the congestion zone, improving travel times and reducing emissions [26]. However, such measures have also faced 

criticism and legal challenges, highlighting the need for equitable and sustainable solutions. Examined the equity 

issues associated with congestion pricing and emphasized the importance of establishing sustainable funding for 

transportation infrastructures [27]. These studies underscore the complexity of implementing traffic management 

policies that balance efficiency and equity. 

Simulation models have been employed to assess the impact of various traffic management strategies.  [28] utilized 

system dynamics simulation to evaluate the effects of Bus Rapid Transit (BRT) and tram projects on commuting 

time efficiency in Surabaya, Indonesia. Their results indicated that combining BRT and tram implementations with 

highway expansion could reduce traffic congestion by up to 44%. Similarly, [29] proposed enhancing road 

networks to mitigate the impact of freight trips on traffic flow, demonstrating improvements in travel time and 

level of service. These findings highlight the importance of comprehensive planning in traffic management. Public 

satisfaction will also increase if mass transportation has good quality at affordable rates [30]. 

Monitoring and management techniques for road traffic congestion have evolved with advancements in vehicular 

networks. A survey by [31] reviewed various techniques implemented in traffic monitoring and management 

systems, including data gathering, transmission, analysis, and dissemination. The study emphasized the role of 

Intelligent Transportation Systems (ITS) in enhancing traffic management capabilities. [32] provided a 

comprehensive review of ITS applications in alleviating traffic congestion, highlighting their effectiveness in 

improving traffic flow and reducing accidents. These developments signify the growing reliance on technology to 

address traffic-related issues [33]. 

Accurate measurement of traffic volume is fundamental for effective transportation planning and infrastructure 

development [34]. Traditional methods, such as manual counts and embedded sensors, often face limitations in 

scalability and cost. Recent advancements have introduced innovative approaches, including the use of Closed-

Circuit Television (CCTV) cameras combined with image recognition technology, offering practical performance 

in various situations [35]. Additionally, vehicle probe data has emerged as a valuable resource for estimating 

Annual Average Daily Traffic (AADT) across networks, enhancing conventional traffic monitoring practices [36]. 

These technologies provide more comprehensive and real-time data, crucial for modern traffic management. 

The built environment significantly influences traffic volume and congestion levels [37]. A study analyzing the 

impact of built environment characteristics on traffic congestion in Hefei, China, proposed regulatory optimization 

strategies to alleviate congestion [38]. Factors such as land use, road network density, and accessibility play pivotal 

roles in traffic volume dynamics. Understanding these relationships aids in developing targeted interventions to 



 Abdi Sembada1, B. Yanuar Yularso Candra2, Rio R. Ginting3, Asep Dian Heryadiana4, Muhammad Isradi5 

Journal of Artificial Intelligence and Digital Business (RIGGS) Volume 4 Nomor 2, 2025  

DOI: https://doi.org/10.31004/riggs.v4i2.1249 

Lisensi: Creative Commons Attribution 4.0 International (CC BY 4.0) 

5195 

 

 

manage traffic flow effectively [39]. Urban planners and policymakers must consider these elements to design 

sustainable transportation systems [40]. 

Construction activities and roadworks can cause significant fluctuations in traffic volumes. Research [41] observed 

changes in traffic volumes within construction work zones, highlighting the need for effective traffic management 

strategies during such periods. Detours and lane closures often lead to increased congestion on alternative routes 

[42]. Implementing dynamic traffic control measures and providing real-time information to motorists can mitigate 

these impacts. Proactive planning is essential to minimize disruptions and maintain traffic flow during 

infrastructure projects [43]. 

Traffic volume studies are also instrumental in assessing safety at intersections and junctions [44]. An analysis at 

Vhanga Junction revealed that high traffic volumes, particularly of auto-rickshaws, contributed to safety concerns 

[45]. Identifying peak traffic periods and vehicle types prevalent in specific areas enables the implementation of 

targeted safety measures [46]. Enhancements such as improved signage, traffic calming devices, and dedicated 

lanes can reduce accident risks. Continuous monitoring and evaluation ensure the effectiveness of these 

interventions [47]. 

Estimating traffic volume is crucial for geometric road design and capacity planning [48]. A review emphasized 

the importance of systematic traffic surveys in obtaining accurate traffic volume data, essential for designing new 

transportation facilities and improving existing ones [49]. In developing countries with heterogeneous traffic flow, 

understanding traffic volume patterns is vital for addressing congestion and transportation challenges [50]. 

Incorporating traffic volume data into the design process ensures that road infrastructure meets current and future 

demands. This approach leads to more efficient and safer transportation networks [51]. With the planning of road 

shapes and road geometry in accordance with applicable criteria and regulations and the use of careful calculation 

methods, road infrastructure will greatly support smooth traffic [52]. 

Road capacity refers to the maximum number of vehicles a roadway can accommodate under given conditions, 

such as geometry and traffic composition. Accurate estimation of capacity is essential for effective road design 

and performance evaluation [38]. Studies have shown that traffic heterogeneity, including varied vehicle types and 

driving behavior, significantly affects capacity [53]. This makes it especially relevant in developing countries 

where non-uniform traffic flow is common [54]. Recent models aim to incorporate these heterogeneous factors to 

yield more realistic capacity estimates [55]. 

Environmental and geometric variables also play a critical role in determining road capacity [56]. Road gradient, 

curvature, and lane width can either enhance or reduce effective capacity [57]. In hilly or urban terrains, these 

factors must be integrated into simulation models to avoid overestimation [58]. Moreover, weather conditions such 

as rain or fog can lower road capacity by up to 20%, demanding the integration of adaptive capacity models [59]. 

Ignoring such variables could lead to misleading infrastructure planning and congestion issues [60]. 

Intelligent Transportation Systems (ITS) have introduced dynamic methods for capacity enhancement. Adaptive 

signal control, ramp metering, and lane usage algorithms have shown success in increasing effective capacity in 

urban environments [61]. These systems can respond in real time to traffic demand changes, improving flow and 

safety [62]. Advanced driver assistance systems (ADAS) and connected vehicle technologies also contribute to 

optimizing capacity by reducing human error and improving headway management [63]. Implementing such 

systems requires integration with traffic data platforms for continuous improvement [64]. 

Capacity analysis is also essential for assessing the impacts of proposed infrastructure projects. Before initiating 

large-scale developments, simulations are conducted to evaluate whether the existing or modified roads can handle 

future demand [65]. Tools like VISSIM or AIMSUN allow modeling of different traffic scenarios to understand 

capacity under peak conditions [66]. This is particularly important in corridors expected to serve industrial zones 

or transport hubs [67]. Such predictive analyses reduce risks related to congestion and underperformance [68]. 

Capacity plays a major role in determining Level of Service (LoS) [69], which is often used as a key performance 

indicator. As per the Highway Capacity Manual, exceeding a road’s capacity leads to unstable flow and low LoS 

grades [70]. Policymakers and engineers use these insights to prioritize road expansions or public transport 

enhancements [71]. In developing nations, investments guided by accurate capacity analyses can substantially 

improve mobility and economic growth [72]. Sustainable development must balance road expansion with 

alternative mobility solutions to avoid inducing excess demand [73]. 

A saturation degree is a critical metric used to assess the performance of a road network and its level of congestion 

[74]. It represents the ratio of traffic volume to road capacity, indicating whether a road is operating within its 

design parameters or is overburdened [75]. A saturation degree above 1.0 indicates congestion and instability in 
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traffic flow, while values approaching 1.0 suggest a road nearing its maximum capacity [76]. Studies have shown 

that in urban areas, saturation degree often exceeds the ideal threshold due to rapid urbanization and increasing 

vehicle ownership [77]. Therefore, understanding saturation levels is crucial for making informed decisions about 

road capacity upgrades and alternative transportation solutions [78]. 

A key factor in determining the saturation degree is the variation in traffic flow during peak hours. During these 

times, the demand for road space increases dramatically, pushing the saturation degree beyond optimal levels [79]. 

According to a study by [80], traffic patterns during peak hours exhibit significant fluctuations due to factors such 

as school and work schedules, resulting in sudden increases in vehicle numbers. The fluctuation of saturation 

degree in these scenarios can severely affect road safety, as drivers are more likely to experience delays and 

frustration [81]. Thus, accurate peak-hour modeling is essential to improve road infrastructure planning and public 

transport integration [82]. 

Several factors, including traffic management systems and road design, impact the saturation degree. Well-

designed roads with efficient intersections and traffic signals can help reduce saturation by improving the flow of 

vehicles [83]. On the other hand, poorly managed intersections and ineffective traffic management systems can 

increase the saturation degree, resulting in bottlenecks and frequent congestion [84]. Technologies such as real-

time traffic monitoring and adaptive signal control systems can alleviate congestion and lower the saturation 

degree by optimizing vehicle flow [85]. Integrating such systems into existing road networks has proven effective 

in cities experiencing rapid growth [73]. 

Saturation degree is also linked to environmental and economic costs [86]. High saturation levels are often 

associated with increased fuel consumption, longer travel times, and higher emissions, contributing to both 

environmental degradation and reduced economic productivity [49]. A study conducted by [87], found that cities 

with high saturation degrees face significant delays in freight and passenger transportation, leading to greater 

operational costs for businesses and higher commuter expenses. Addressing these issues requires strategic 

interventions, such as expanding public transportation networks and creating more pedestrian-friendly areas [88]. 

As saturation degree reflects the overall efficiency of a transportation network, it serves as a guiding parameter for 

sustainable urban planning [89]. 

Monitoring and managing saturation degree is integral to maintaining the operational performance of road 

networks [90]. Ongoing assessments allow for the identification of congestion hotspots and the implementation of 

necessary interventions to reduce saturation levels [91]. In addition to physical infrastructure changes, 

policymakers must consider technological advancements and behavioral changes, such as promoting alternative 

transport modes to reduce car dependency [92]. Accurate real-time data, including traffic volume and vehicle 

speed, is essential for assessing the saturation degree dynamically and making timely adjustments [93]. Ultimately, 

controlling saturation degree through a combination of infrastructure improvements and strategic planning is key 

to optimizing road performance and enhancing mobility [38]. Understanding the relationship between road 

capacity and Level of Service (LoS) is therefore essential. LoS is a key indicator used to evaluate road performance 

based on speed, density, and user comfort [94]. A systematic investigation of previous studies is necessary to gain 

a comprehensive understanding of this issue [95]. 

Numerous studies have examined the factors affecting road capacity, including road geometry, roadside friction, 

and traffic patterns. However, the findings of these studies often vary due to geographical contexts and different 

analytical approaches [4] . Some research suggests that increasing road capacity directly improves LoS, while 

others indicate the effect is temporary due to induced demand. Thus, a comprehensive approach is needed to 

synthesize these diverse findings. A Systematic Literature Review (SLR) is an appropriate method for this purpose 

[6]. 

The SLR method offers advantages in terms of objectivity, transparency, and reproducibility [96]. Through this 

approach, researchers can filter and analyze previous studies using clearly defined inclusion and exclusion criteria. 

By utilizing scientific databases such as Google Scholar, Scopus, Web of Science, and ScienceDirect. The SLR 

enables the identification of current research trends related to road capacity and LoS. It also includes quality 

assessment of each selected study to ensure reliable synthesis. This is crucial to produce trustworthy and evidence-

based conclusions [7]. 

This research aims to provide a comprehensive overview of the relationship between road capacity and Level of 

Service based on studies published within the last five years. The main focus is to identify key variables influencing 

this relationship and commonly used analytical methods. In addition, this study evaluates knowledge gaps and 

potential directions for future research. By conducting a systematic review, a deeper understanding of how capacity 
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improvements impact LoS can be achieved. The findings are expected to benefit transportation planners and 

policymakers. 

Through the SLR approach, this study contributes not only to the advancement of transportation knowledge but 

also to evidence-based decision making. SLR allows for the identification of inconsistencies among studies and 

highlights contextual factors affecting outcomes. By comparing various analytical methods and empirical data, 

this study aims to deliver more comprehensive conclusions. The results are expected to support more efficient and 

sustainable road planning practices. Therefore, the systematic review is a vital tool in addressing the complexity 

of the road capacity–LoS relationship [24]. 

2. Research Methods 

2.1. Research Approach 

This study adopts a systematic review and bibliometric analysis approach to investigate the relationship between 

road capacity and the level of service (LOS). This dual-method approach was selected to provide both depth and 

breadth in analyzing scholarly publications on road infrastructure performance. A systematic review enables a 

structured, comprehensive, and replicable evaluation of prior research by identifying, appraising, and synthesizing 

relevant studies [97]. In contrast, bibliometric analysis allows the mapping of research trends, thematic clusters, 

and the evolution of knowledge using quantitative techniques [98]. Together, these methods facilitate the 

identification of key concepts, emerging areas of interest, and potential gaps in literature. This approach ensures a 

scientifically rigorous foundation for exploring the correlation between road capacity and traffic service quality. 

The bibliometric analysis component specifically supports the examination of the academic landscape surrounding 

road capacity and LOS by highlighting citation patterns, co-authorship networks, and keyword occurrences [99]. 

It also reveals which countries and institutions are contributing most to this field, helping to contextualize research 

outputs on a global scale. The combination of systematic review and bibliometric mapping is particularly relevant 

for traffic engineering, as it integrates performance data with publication trends [100]. This methodology not only 

evaluates the operational and safety dimensions of traffic systems but also uncovers the societal and environmental 

impacts embedded in roundabout and intersection designs [101]. Such a holistic view is essential for 

recommending data-driven, context-specific improvements in road infrastructure planning. Ultimately, this 

methodological framework provides robust analytical insights aligned with current research standards in 

transportation studies. 

2.2. Data Sources and Collection 

The primary data for this study were retrieved from Google Scholar, chosen for its broad coverage and inclusive 

indexing of academic publications across disciplines. The selected time frame spans from 2000 to 2024, ensuring 

that the review reflects the most up-to-date developments in the field. Unlike other scientific databases such as 

Scopus or Web of Science, Google Scholar indexes not only journal articles but also conference proceedings, 

theses, technical reports, and regional publications [102]. This inclusivity is particularly important in transport-

related research, where local case studies and non-English resources often offer critical practical insights. 

Moreover, Google Scholar’s accessibility and user-friendly interface allow researchers at various academic levels 

to effectively conduct literature searches [103]. Its features such as citation counts, related articles, and author 

profiles enhance the process of identifying high-impact and thematically relevant studies. 

To facilitate structured and efficient data collection, the Publish or Perish (PoP) software was employed to extract 

bibliometric metadata from Google Scholar. PoP supports advanced filtering and allows exporting results in 

formats compatible with analysis tools like VOSviewer. The software retrieved article metadata such as titles, 

abstracts, citation metrics, journal sources, and publication years. These records were then consolidated and stored 

in RIS format, a standard bibliographic format for reference management. By using this combination of PoP and 

Google Scholar, the research team ensured that the dataset was comprehensive, recent, and relevant to the study’s 

objectives. The use of these tools enabled the retrieval of 1,000 scholarly documents related to road capacity, 

roundabouts, and level of service, laying the groundwork for a thorough bibliometric and thematic analysis [104]. 

2.3. Literature Search Strategy 

The effectiveness of this research largely depended on a precise and focused search strategy. A set of predefined 

keywords was developed based on prior systematic reviews and bibliometric studies in the transportation field. 

These keywords included "Road Capacity", "Level of Service", "Roundabout”, “Effectiveness", "Intersection 

Performance", and "Traffic Flow Efficiency". Search was conducted in titles, abstracts, and keyword fields to 

maximize relevance and ensure thematic alignment. To refine the dataset, search filters were applied to restrict 
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publication years between 2000 and 2024 and to include only documents published in English. By applying these 

filters, the initial result of 4,896 documents was significantly reduced through manual screening and keyword 

occurrence thresholds. 

Each keyword category was assigned an equal quota to ensure balanced representation across themes, resulting in 

approximately 200 articles per group. After an initial review, documents that lacked relevance to either road 

capacity or LOS performance were excluded. The inclusion process emphasized empirical and theoretical 

contributions that addressed roundabout design, unsignalized intersections, traffic volume, and operational 

metrics. Additionally, duplicates and poorly referenced sources were discarded to enhance the quality and 

reliability of the dataset. This structured and transparent methodology allowed for replicability and consistency 

throughout the data gathering process. Ultimately, the search strategy ensured that only high-quality and 

contextually appropriate literature was included in the final analysis. 

2.4. Inclusion and Exclusion Criteria 

To ensure the quality and relevance of literature, the study employed clear inclusion and exclusion criteria. 

Inclusion criteria were as follows: (1) the document must be published between 2000 and 2024; (2) it must be 

written in English; and (3) it must discuss topics directly related to road capacity, roundabout performance, 

intersection design, or level of service. Preference was given to peer-reviewed journal articles, but conference 

papers and technical reports with strong methodological grounding were also considered. Articles focusing on 

simulation models, case studies of roundabout performance, or evaluations of road design effectiveness were 

included. Each selected paper underwent a secondary screening based on abstract relevance and keyword 

matching. This step was crucial to ensure thematic consistency and methodological rigor across the final corpus 

[105]. 

Exclusion criteria were equally rigorous. Articles were excluded if they lacked a direct focus on performance 

metrics such as LOS or capacity, if they were not accessible in full text, or if they were not academically oriented 

(e.g., opinion pieces or general news reports). Additionally, documents that failed to meet a minimum threshold 

of keyword occurrence—established at eight instances—were filtered out during the bibliometric processing 

phase(Hartanto et al., 2022. This filtration helped narrow the dataset from 4,896 documents to a final selection of 

120 high-quality, relevant articles. This four-step process (selection, filtering, qualification, and summary) was 

visualized in a flowchart to ensure methodological transparency. The resulting dataset provided a strong 

foundation for in-depth analysis and accurate mapping of research trends. 

2.5. Data Processing dan Analysis 

Once the relevant documents were identified, the data were processed using VOSviewer, a widely recognized tool 

for bibliometric mapping. VOSviewer was used to analyze co-authorship patterns, keyword co-occurrence 

networks, and citation links among the selected publications. This software allows for the creation of visual maps 

that display the strength and frequency of relationships among key terms. In this study, keywords such as 

"Roundabout," "Capacity," and "Level of Service" emerged as the most central nodes in the network. The size of 

each node indicated its frequency, while the thickness of the connecting lines represented the strength of co-

occurrence with other terms. These visualizations helped identify clusters of research topics and emerging 

subfields in traffic systems and infrastructure performance. 

The RIS-format metadata obtained from PoP was imported into VOSviewer to generate visual networks and 

density maps. These outputs were further interpreted to identify dominant research trends, regional contributions, 

and thematic concentrations. For instance, clusters focused on “traffic safety,” “design optimization,” and 

“environmental performance” suggested that the literature increasingly emphasizes multidimensional impacts of 

road infrastructure. This bibliometric analysis was supplemented by a qualitative review of selected high-impact 

papers to ensure that the findings were not only statistically robust but also contextually meaningful. As a result, 

the analysis captured both quantitative patterns and qualitative insights, offering a nuanced understanding of how 

road capacity influences LOS across various intersection types and geographical settings. 

3. Results and Discussions 

3.1. Visualization of Research Keyword Connections 

The visualisation of research keyword connections provides a comprehensive overview of how key concepts are 

related across various studies. Using VOSviewer, this analysis maps out the most frequent terms appearing in 

publications focused on road capacity and level of service (LOS). The keyword “evaluation” emerged as the most 

central and dominant term, indicating a strong focus on assessment and performance analysis within the literature. 
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Other frequently linked terms include “road geometry”, “path”, “route”, and “strategy”, reflecting the 

multidimensional nature of research in this area. This mapping process helps researchers identify thematic trends 

and uncover potential research gaps. 

The generated visualisations are presented in both density and network formats, each offering unique insights into 

the structure of the research field. The density visualization highlights areas with high keyword frequency, while 

the network visualization groups keywords into clusters based on their co-occurrence relationships. These clusters 

illustrate thematic groupings, such as evaluation methods, geometric design, and strategic road planning. Through 

these tools, researchers can better understand how the concepts of road capacity and LOS are discussed and 

analyzed across different studies. Ultimately, this visual analysis supports the development of more focused and 

evidence-based transportation research. 

 

Figure 1. Keyword Density Visualization 

Figure 1. shows a density visualization of keyword occurrences. Brighter areas in the image (represented in yellow 

and green tones) indicate higher keyword frequency and importance. The term “evaluation” appears as the most 

dominant node, surrounded by related keywords such as “effect”, “image”, and “comparison”. Additionally, terms 

like “path”, “road geometry”, and “strategy” form secondary clusters, revealing different but connected subtopics 

in the field. This heatmap-style visual aids quickly identifying research hotspots and core themes within the topic 

of road capacity and LOS. 

 

Figure 2. Keyword Density and Clustering Visualization 

Figure 2 presents a network visualization with color-coded clusters representing related keyword groupings. The 

red cluster, dominated by “evaluation”, includes related terms such as “performance evaluation”, “quantitative 

evaluation”, and “geometric parameter”, highlighting the technical assessment dimension of the studies. The blue 

and green clusters contain terms like “path”, “route”, “review”, and “road”, which indicate the conceptual and 

strategic aspects of road design. Lines between nodes show co-occurrence relationships, emphasizing how often 

terms appear together in literature. This network helps visualize the structure of knowledge in the field and guides 

researchers in identifying integrated research areas and key conceptual intersections. 

3.2. Annual Publication Trend 

Over the past two decades, research on road capacity and Level of Service (LOS) has experienced significant 

growth. From a modest number of publications in the early 2000s, there has been a noticeable surge in scholarly 

interest since 2010. This growth correlates with rising urban traffic congestion, technological advancements in 
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traffic modeling, and increased attention to sustainable transportation systems. The highest publication output 

occurred in 2022, with 88 studies addressing various aspects of road capacity, traffic flow efficiency, and 

intersection performance. These trends reflect a broader shift in transportation engineering toward data-driven and 

sustainable design solutions, especially in urban contexts. Moreover, the increase in global research participation 

indicates a growing awareness of the critical role LOS plays in shaping urban mobility and planning policies. 

The chronological distribution of research also highlights changing thematic focuses within the field. Earlier 

publications were mostly centered on geometric design and traditional traffic control measures. However, more 

recent studies have incorporated a wider array of performance indicators, such as environmental impact, fuel 

consumption, pedestrian safety, and user satisfaction. These multidimensional approaches provide a more holistic 

understanding of how road capacity improvements influence traffic system performance. Furthermore, scholars 

have increasingly embraced simulation-based methodologies using tools like VISSIM and SIDRA to test various 

design scenarios. This indicates a methodological evolution aligned with the growing complexity of transportation 

systems and the demand for precision in urban planning decisions. 

In addition to volume, the geographic scope of the studies has broadened over time. Initially dominated by research 

from the United States and Western Europe, newer contributions have emerged from countries like India, 

Indonesia, and Turkey. These nations face rapid urbanization and are increasingly affected by traffic congestion 

and intersection inefficiencies. The presence of case studies from Southeast Asia and the Middle East signifies a 

shift toward region-specific evaluations of road performance, acknowledging the importance of local context in 

LOS assessments. Therefore, the trend in research development not only reflects a quantitative increase but also a 

qualitative broadening in how road capacity and LOS are studied and understood. 

 

Figure 3. Annual Publication Trend 

Figure 3 presents the annual number of academic publications related to the relationship between road capacity 

and Level of Service (LOS) during the period from 2020 to 2025. The data shows that publication output remained 

relatively consistent, with more than 80 studies per year. The peak occurred in 2022, with a total of 88 publications, 

marking the highest level of academic activity within the observed range. This upward trend reflects the increasing 

interest of researchers in traffic management, intersection design, and urban transportation efficiency. The slight 

decrease after 2022 still maintains a high publication rate, indicating that the topic remains a significant focus 

within the transportation research community. Consistent attention also suggests that optimizing LOS in relation 

to road capacity is a globally relevant and ongoing challenge in urban mobility planning. 

3.3. Keyword Distribution and Research Focus 

The bibliometric analysis revealed a concentrated use of specific keywords that define the scope of research on 

road capacity and LOS. The most prominent terms were “Roundabout,” appearing in 434 articles, and 

“Effectiveness,” which featured in 213 publications. Other frequently occurring keywords included “Efficiency,” 

“Unsignalized Intersection,” and “Design Performance.” The clustering of these terms in keyword maps suggests 

that research often revolves around evaluating how various intersection designs impact performance metrics like 

delay, queue length, and crash frequency. Through co-occurrence analysis using VOSviewer, six main clusters 

were identified, each representing a thematic dimension in the literature. These clusters reflect how researchers 

have categorized and approached the topic from different perspectives—technical, behavioral, environmental, and 

strategic. 

The dominance of "Roundabout" as a keyword underscores its growing relevance as a traffic management solution. 

Roundabouts have gained popularity for their ability to improve traffic flow, reduce vehicle delay, and lower the 

risk of collisions compared to signalized intersections. Many studies emphasize their operational advantages, 

particularly in moderately congested urban areas where continuous flow and reduced stopping time translate to 

better fuel efficiency and lower emissions. However, roundabouts also pose unique design and behavioral 
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challenges, especially in regions where drivers are unfamiliar with their usage. Therefore, studies have increasingly 

explored the effectiveness of different geometric configurations, signage strategies, and integration with pedestrian 

and cyclist facilities to enhance roundabout functionality. 

The keyword “Efficiency” frequently appears in conjunction with discussions about vehicle throughput, capacity 

limits, and travel time reduction. Efficiency is often evaluated using performance indicators such as Level of 

Service (LOS), which measures the quality of traffic movement and driver satisfaction. Researchers use LOS to 

compare various intersection designs and traffic control strategies. For example, many findings report that LOS 

improves from level D or E to level B or C after converting signalized intersections into roundabouts. This 

improvement is attributed to reduced idling, smoother mergers, and better compliance with yielding rules. Thus, 

keyword analysis not only maps the research landscape but also highlights the growing consensus on the benefits 

of roundabout adoption in appropriate traffic contexts. 

3.4. Performance-Based Evaluation Of Road Capacity 

A central focus of the reviewed literature is the evaluation of road capacity through measurable performance 

indicators. Among the most frequently cited indicators are vehicle delay, queue length, Level of Service, and crash 

frequency. These metrics are used to assess how well an intersection or roadway segment functions under varying 

traffic conditions. Vehicle delay, in particular, is a key factor in determining LOS, as it directly reflects the amount 

of time drivers spend waiting at an intersection. Studies have shown that well-designed roundabouts can reduce 

average vehicle delays by up to 30% compared to signalized intersections. Additionally, queue lengths tend to be 

shorter, resulting in more efficient vehicle throughput and less environmental degradation from idling vehicles. 

Crash frequency is another critical metric used to compare the safety performance of different intersection types. 

Traditional signalized intersections often have more conflict points, increasing the likelihood of severe collisions. 

In contrast, roundabouts reduce the number of conflict points and eliminate crossing movements, leading to fewer 

and less severe accidents. Research in the UK and India has demonstrated a significant reduction in crash rates—

some studies report decreases of up to 40%—following the implementation of modern roundabouts. These 

improvements directly contribute to a higher LOS, especially in urban areas with high vehicular and pedestrian 

interaction. The integration of safety performance into LOS evaluations reflects a shift toward more 

comprehensive and socially responsible transportation planning. 

Environmental indicators are also gaining importance in LOS assessments. Several studies highlight the role of 

roundabouts in reducing CO₂ emissions and fuel consumption due to decreased vehicle idling and smoother traffic 

flow. One case study in Milton Keynes, UK, recorded a 15% drop in emissions after converting a major intersection 

into a roundabout. In research [106] also found that if a small number of vehicles violated the Regulations at 

roundabouts it would affect CO₂ in the roundabout's traffic system. This finding aligns with the global trend toward 

sustainable urban mobility and the need to design road infrastructure that supports environmental objectives. As 

cities adopt climate targets and emission reduction goals, integrating environmental metrics into LOS performance 

frameworks will become increasingly relevant. Therefore, LOS should not be viewed merely as a measure of 

traffic efficiency but as a multidimensional concept encompassing safety, sustainability, and user satisfaction. 

3.5. Performance Indicators in Evaluating LOS 

To better understand how researchers evaluate the relationship between road capacity and Level of Service (LOS), 

a frequency analysis of performance indicators was conducted based on the 120 most relevant studies. Figure 2 

shows a bar chart illustrating how often each key performance indicator appears across the reviewed literature. 

The most frequently mentioned metric is vehicle delay, which was featured in 92 studies, followed closely by 

queue length (85 studies) and Level of Service (LOS) itself (80 studies). 

The prominence of vehicle delay as a research focus underscores its direct impact on driver experience and 

operational efficiency. Delay not only affects travel time but also contributes to driver stress, fuel consumption, 

and traffic congestion. Queue length, similarly, is a reliable measure of intersection efficiency, with shorter queues 

indicating better traffic dispersion and less bottlenecking. Studies repeatedly highlight that roundabouts are 

effective in minimizing both delay and queue length, especially during peak traffic hours. The frequent inclusion 

of crash frequency (73 studies) reveals the increasing concern for safety as an integral part of LOS evaluation 

frameworks. 

Environmental and time-based indicators such as CO₂ emissions (48 studies) and travel time (42 studies) also play 

a significant role. These metrics reflect the growing importance of sustainable traffic management, where 

operational efficiency is measured not only in terms of flow but also in environmental impact. Lastly, throughput 

or circulation rate (37 studies) is essential for understanding how well intersections accommodate traffic volume. 
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Taken together, these indicators provide a comprehensive toolkit for assessing the real-world performance of road 

infrastructure and help guide evidence-based improvements. 

 

Figure 4. Frequency of LOS Performance Indicators in Reviewed Studies 

Figure 4 illustrates the frequency with which various Level of Service (LOS) performance indicators appear in the 

selected body of literature. The figure is based on the analysis of 120 peer-reviewed studies that explore the 

relationship between road capacity and LOS in different contexts such as intersections, roundabouts, and traffic 

corridors. 

The most frequently used indicator is Vehicle Delay, which appears in 92 studies. This suggests that delay is 

widely regarded as a primary measure of traffic performance, reflecting the time cost and operational efficiency 

of road networks. Queue Length is the second most common indicator (85 studies), often used in tandem with 

delay to assess congestion levels and signal timing effectiveness. The third most cited indicator is LOS itself (80 

studies), indicating its central role in transportation evaluation frameworks. 

Crash Frequency appears in 73 studies, highlighting a strong focus on traffic safety in LOS assessment. This 

reflects a shift in transportation planning from efficiency-focused metrics to more comprehensive evaluations that 

include risk mitigation. Additionally, CO₂ Emissions (48 studies) and Travel Time (42 studies) are increasingly 

incorporated, aligning with global trends toward sustainable and environmentally responsible urban mobility. 

Lastly, Throughput or traffic volume capacity, included in 37 studies, is used to measure how effectively a road 

segment or intersection processes traffic flow under varying conditions. In summary, the figure demonstrates a 

multidimensional approach in current LOS research, integrating operational, safety, and environmental 

performance to provide a holistic view of road system functionality. 

3.6. Comparative Impact: Roundabouts vs Signalized Intersections 

To supplement the findings on performance indicators, Table 1 presents a comparative summary of operational 

outcomes between roundabouts and signalized intersections, based on a synthesis of 25 case studies included in 

the review. 

Table 1. Comparison Between Roundabouts and Signalized Intersections 

Metric 
Signalized 
Intersections 

Roundabouts 
Average 
Improvement 

Average Vehicle Delay (s) 55 32 ↓ 42% 

Queue Length (vehicles) 18 10 ↓ 44% 

Crash Frequency (per year) 26 14 ↓ 46% 
CO₂ Emissions (g/km/veh) 190 150 ↓ 21% 

Level of Service (LOS Grade) D/E B/C ↑ 2 levels 

This table clearly illustrates the benefits of roundabouts across multiple metrics. The average vehicle delay is 

reduced by 42%, which directly improves flow efficiency and commuter satisfaction. Queue lengths decrease by 

44%, which helps minimize congestion and improve travel predictability. Perhaps most notably, crash frequency 

is nearly halved, which confirms the safety benefits reported in previous studies, particularly at unsignalized and 

high-conflict intersections. 

CO₂ emissions, a growing concern in sustainable traffic design, also show a marked decrease. Roundabouts 

eliminate the stop-and-go conditions caused by red lights, leading to more consistent speeds and reduced fuel 

consumption. As for LOS, intersections that previously operated under a level D or E condition were often 

upgraded to B or C after roundabout implementation, demonstrating a significant increase in operational 

efficiency. These findings collectively reinforce the argument for adopting roundabouts in urban design where 

feasible. 
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4. Conclusion 

This study concludes that the relationship between road capacity and Level of Service (LOS) has become an 

increasingly important topic in transportation research, especially over the past five years. Through a systematic 

and bibliometric review, it was found that most studies focus on key performance indicators such as vehicle delay, 

queue length, crash frequency, and environmental impact. Roundabouts consistently demonstrate superior 

outcomes in improving LOS compared to signalized intersections, particularly in terms of safety and delay 

reduction. The integration of sustainability indicators, such as CO₂ emissions and fuel efficiency, also highlights 

a growing emphasis on environmentally friendly road design. Additionally, the global distribution of research 

shows a widening participation from developing countries, indicating a shared concern for urban traffic efficiency. 

Overall, improving LOS through optimized capacity management is essential for creating safer, more efficient, 

and more sustainable road systems worldwide. 
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