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Abstrak

Every accident that occurs inevitably involves injured or deceased victims. Cross-country analysis of accident
rates at curves is often the focus of comparative research to identify risk factors and possible solutions. This study
aims to systematically evaluate the implications of curve geometry design on traffic performance and driving
safety. Road curves, particularly those that do not meet geometric standards, are known to be significant accident-
prone areas. This study was conducted using a Systematic Literature Review (SLR) approach on 1,000 scientific
articles obtained through Google Scholar using the Publish or Perish software. Analysis was conducted using
VOSviewer to map keyword relationships, publication trends, and thematic classifications visually and
statistically. The study results indicate that aspects such as curve radius, elevation, visibility, driver behavior,
traffic signs, and environmental factors are the primary dimensions influencing curve performance. Bibliometric
visualization revealed the dominance of related literature in developed countries and indicated a shift in research
focus toward the use of technology and data to support safety. A conceptual framework was developed by
integrating four dimensions: physical design, Environment, user behavior, and safety effectiveness. This research
is expected to provide a theoretical and technical foundation for formulating safer road design standards and
promoting the development of data-driven safety policies.
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1. Introduction

Accidents are unplanned and uncontrollable situations [1]. According to [2], A traffic accident is an unexpected
and unintended event involving a motor vehicle, whether with road users or others, resulting in personal injury or
property damage. Meanwhile, “accident” refers to an event that causes someone to suffer harm [3]. Every accident
always has victims, whether hurt or dead [4]. In comparative research, cross-country analysis of bend accident
rates often focuses on identifying risk factors and potential solutions.

Sharp bends are locations with a high rate of traffic accidents. One of the suspected causes of Bend design is not
by established planning standards. This is exacerbated by Driving above the speed limit [5]. Corners are highly
prone to accidents, and they cause 25% to 30% of deaths and damage [6]. Horizontal alignment is the shape of a
curve resulting from the projection of a line on the z- and y-axis planes. It is also called a bend or turn [7], primarily
due to insufficient geometry of roads and signs. Horizontal curves are among the most critical factors affecting
road efficiency and safety [8]. Many bends can cause accidents because the bend radius does not follow Bina
Marga guidelines [9]. Similar patterns have also been seen in several ASEAN nations, leading to a greater emphasis
on curve design in road safety action plans across the country. A well-designed road is expected to make drivers
feel comfortable and safe [10].

Indonesia's bends, which are frequently places with a high accident risk, are a significant obstacle to road
infrastructure development. Highways are essential to some countries' infrastructure because they can help with
all types of transportation [11]. This is an important issue that requires special attention throughout the country.
Accidents on bends can result from road designs that do not meet standards [12]. One of the geometric design of
a good road is on a longitudinal piece of a road there is a horizontal alignment [13].The geometric design of roads,
along with the lack of appropriate warning signs, makes it more risky for road users in various places. Accidents
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often occur in areas with many curves . Especially on bends where most young people like to turn at high speeds.
In a way, the shape of the road determines how safe and comfortable we are when using it [14]. Road geometric
planning aims to optimize the ratio of implementation costs to the level of use in addition to providing safe
infrastructure and effective traffic flow services [15].

Road bends in various locations are often worsened by a variety of geographical conditions, ranging from flood-
prone lowlands to steep mountains. As a result, in order to maintain smoothness and safety, it is very important to
prioritize traffic infrastructure and give priority to other motorists [16]. When driving on bends, a lot of things can
affect the risk level, like road bends that can limit visibility and visibility distance. One way to improve road safety
is to improve the geometric design of the road to reduce the occurrence of accidents on the road [17]. Geometric
roads must be properly planned to reduce the number of accidents [18]. Road designs should also take rainwater
runoff into account [19]. Furthermore, the width of side roads and traffic sign attributes, such as visibility,
frequency, and location, can be affected. Instead, variables that affect driver behavior include speed, control,
fatigue, and distraction [20].

Therefore, an adaptive road planning approach that considers geographical conditions is becoming increasingly
important, especially in areas with extreme topographical characteristics. Regular evaluations of road geometric
functions and performance, including curves, can help determine the need for improvements or reconstruction
[21]. The use of technologies such as 3D modeling and traffic simulation software has also proven effective in
redesigning high-risk curves, thereby significantly reducing accidents [22]. This technology-based approach also
supports a more accurate and efficient decision-making process, as it is able to visualize the geometric impact on
vehicle behavior in real-time before being applied in the field [23].

Because two-lane highways are a vital part of the road network, highway authorities should prioritize improving
their geometry because of this study [24]. This study aims to identify the main geometric parameters affecting
bend geometry and traffic performance by reviewing the latest international literature. It also makes suggestions
for future road design standards. It ensures that drivers can drive safely and without significant problems in normal
and emergencies [25].

2. RESEARCH METHOD

We collected and analyzed data through a Systematic Literature Review (SLR) of previous studies that address
how bend geometric evaluation affects traffic performance and safety. With SLR, we can identify, review,
evaluate, and interpret all studies relevant to the topic we are focusing on [26]. Identification, selection, and
analysis of literature from various reliable sources, including research reports, scientific journals, and conference
proceedings. SLR is conducted systematically [27]. Criteria were established for including and eliminating
literature by topic, year of publication, and quality of research. Furthermore, the study results are studied to find
trends, techniques, and shortcomings in implementing road rider safety. This is a bold endeavor, especially when
we look at the data that shows how the SLR system has come a long way since its inception. [28].

SLRs have an obligation to adhere to the review protocol [29]. SLR provides a thorough and unbiased analysis of
current research, which is important for finding research gaps and encouraging evidence-based practice [30]. Using
this method, researchers want to gain a solid theoretical foundation and a comprehensive understanding of best
practices for road use. They make systematic literature reviews and find references to academic journals and other
research sources that can be used as a reference or theoretical basis for new research. The basic framework and
formulation of the problems found are then expanded into analysis through structured steps [31]. New technologies
are increasingly being incorporated into SLR methods, allowing for more efficient data collection and analysis,
which speeds up the review process while maintaining its integrity [32].

2.1 Basis Data Yang Digunakan

Geometric Evaluation of Curves Implications on Traffic Performance and Safety was chosen to search literature
using Publish or Perish and Google Scholar [33]. We decided to use Google Scholar because it has a wide range
of Various types of scientific works and journals, including proceedings, books, and these various fields of science
available there, which significantly supports the systematic literature review process in our research. Google
Scholar also excels in terms of ease of use, open access, and the ability to access regional and local publications
that are often not available in paid databases such as [34]. Literature was searched from 2000 to 2025 to get up-
to-date and detailed data [35]. The search was done using filters that included keywords, article titles, author
names, institutional affiliations, and publication years. To find connections between studies and to determine their
significance and impact in the academic field, features like "Cited by" and "Related articles" were also used.
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The VOSviewer application was used to collect the research data. VOSviewer is a network visualization tool that
creates maps of publications, countries, journals, or keywords based on relationships between elements [36].
VOSviewer can analyze bibliometric data collected from various sources, such as Scopus, Web of Science, and
Google Scholar [37]. In addition, it can perform qualitative analysis, such as cluster identification, citation analysis,
and topic mapping [38]. VOSviewer processes bibliographic data by importing RIS files from Publis or Perish
(PoP) this application supports the RIS format as the standard for exchanging bibliographic data from various
sources. VOSviewer automatically reads and manages the bibliographic data after importing the RIS file. Then, it
displays the systematic literature review (SLR) results in a map visualization that includes keyword networks,
authorizations, and other relevant information.

2.2 Search Strategy

A determining factor in the success of a bibliometric analysis is how accurate and thorough the search queries we
use to find relevant literature are /39]. We can search for keywords in the title and abstract to find articles or
research on intersection and curve performance. Using Publish or Perish software, a set of articles categorized as
"bibliometric analysis" or "systematic review" are searched; keywords used include "Curved road geometry, Road
safety, Curves, Systematic Literature Review."The goal of this search is to find 1,000 articles that are evenly
distributed according to all five keywords. The search results will include about 200 articles for each keyword.

2.3 Collecting initial statistical data

Documents that meet the criteria and data obtained from Google Scholar are stored in Research Information
System (RIS) format [40]. Bibliometric information, abstracts, keywords, and other essential data components are
included in the RIS format. In the first stage, data is collected using Publish or Perish software [41]. The Data will
be saved in two formats: ris (for displaying data with the VOSviewer program) and CSV (for processing data in
Microsoft Excel) [42]. To understand the impact of bend design on driving safety, we must be selective in choosing
journals, look for relevant publications, and use specific keywords, especially those that focus on design
effectiveness, because complete and ready-to-use guidelines in this field are still rare. Because the complete
guidelines on how to use or perish are still far away or difficult to find. The mapping of data made and presented
by the standards of scientific writing will make the results of bibliometric analysis as a whole more readable and
clear.

3. RESULT AND DISCUSSION

3.1 Visualization Research Keyword Connection
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Figure 1Network Visualisation

VOSviewer uses Publish or Perish and 1000 papers for curved road geometry, road safety, visibility, curves, and
systematic literature review. In addition, VOSviewer displays various keywords related to the selected keywords,
and the correlation results are shown in the figure above.

DOI: https://doi.org/10.31004/riggs.v4i2.1473
Lisensi: Creative Commons Attribution 4.0 International (CC BY 4.0)

5557



Agus Wirdianto', Surya Natawibawa K> Ahmad Fadillah®, Arief Rijaluddin*, Muhammad Isradi®
Journal of Artificial Intelligence and Digital Business (RIGGS) Volume 4 Nomor 2, 2025

VOSviewer data shows that keywords like visibility, road safety, study, literature review, road, and safety are
frequently mentioned in research publications. A network map of these keywords is shown in VOSviewer
visualizations, with each circle representing a keyword, with the size of the circle indicating the frequency with
which the word appears. All the lines connecting the words indicate that they often appear together in one
document. For example, the words "planning" and "transport" have a strong connection, meaning they are often
spoken of together in traffic performance and safety.

The graph above shows some of the most frequently occurring keywords in the research data set analyzed using
VOSviewer, complete with occurrences and relevance levels. The keyword "regulation" has 202 occurrences,
indicating that literature review, aspect, safety, and reduced visibility are the primary focuses in the analyzed
publications. However, despite its high occurrence count, its relevance level is only 0.17, indicating that this term
is commonly used.

In addition, some keywords have high frequency but low relevance, such as roadway geometry and road user,
which shows that although they do not appear very often, these words are particular and relevant in describing the
core of the study. High-frequency keywords indicate broad and frequently discussed topics, while high-frequency
keywords indicate how deep and specific the topic is.
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Figure 2 Keyword Graphics

Table 1. Keywords according to the highest studies

Keywords Total Studies
Literature Review 202
Safety 171
Systematic Literature Review 170
Geometric Design 134
Weather 57
Sign 46
Crash 44

Of the 202 studies, the keyword "literature review" was the most important, indicating a primary focus on
infrastructure, according to Table 1. The keywords "safety" and" systematic literature review "are also very
important, with 202 and 171 studies highlighting the importance of road and traffic safety, while the keywords"
geometry design " and "accident" have 170 and 134 studies, respectively. studies, with a focus on accidents, safety,
and de roads.
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Figure 3 Density Visualisation

Keywords such as visibility and road safety appear to dominate the yellow areas in the study, indicating that they
are both popular topics and often the main focus of various studies. In contrast, keywords such as" aspect "and"
aspect " seem to have a low frequency of occurrence, indicating that the topic is rarely discussed or only appears
sporadically in the study.

3.2 Publication Development by Year

The amount of research and topics studied is growing every year. Therefore, it shows the development of the topic
and the number of journals published over time.
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Figure 4 Overlay Visualisation

Words like "paper" and "case study" have been discussed extensively in this study. Overlay visualization uses the
color of the keyword to show the year when a keyword became a trend in research and began to appear more often.
The 2000s is the year when the keyword was most frequently discussed.
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3.3 Research type determined by publisher and classification of research

To give an idea of the various studies involved in research on the effectiveness of curve designs, Table 2 provides
a good overview of the different types of studies available for such research. With 1,000 journals or articles, most
of the studies reviewed consisted of journal articles. This indicates that the publication of research results in this
field is generally done through peer-reviewed scientific journals. Besides journals and articles, there are also
publications in other formats, such as data sets, monographs, and research reports. However, the number of these
publications is much smaller. This suggests that empirical studies or in-depth analysis in the form of case studies
may still be rare in this field.

Table 2 Publishers and Number of Studies

Publisher Studies

Elsevier 237
mdpi.com 167
ieeexplore.iece.org 72
Springer 67
Taylor &Francis 63
journals.sagepub.com 59
rosap.ntl.bts.gov 32
Wiley Online Library 23
researchgate.net 15
books.google.com 14
ascelibrary.org 13
academia.edu 11
ijoms.internationaljournallabs.com 11
Others 216

Total 1000

Elsevier and mdpi.com are the two leading publishers that contributed the most studies to this review, with 237
and 167 publications, respectively. These two platforms serve as the primary channels for disseminating research
on the evaluation of geometric curves and their implications for traffic performance and safety.
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Figure 5 The annual publication trend from 2000 to 2025 shows significant growth in bend research, peaking in 2023
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Figure 5 above is a radar chart or polar chart that illustrates the distribution of publications or data based on year,
from 2000 to 2025. Each axis represents one year, and the line length from the center to the edge indicates the
number of publications in that year. The labels accompanying each line specify the year and the number of data
points, such as "2023, 137," meaning there were 137 publications in that year. The blue lines connecting each point
reflect the trend in publication growth over time. In addition, the type of publication in the form of journal articles
is the type that is most frequently used compared to other types [43].

This graph shows that before 2014, the number of publications tended to be low and relatively stable but increased
significantly after 2019. This increase peaked in 2023 with the most publications, namely 137, before declining
slightly in 2024 and 2025. This trend suggests that the studied topics are likely related to road geometry, curves,
and traffic safety, as they align with the context of the journal being compiled, making them increasingly attractive
to researchers over the past five years. This data also reinforces the argument that issues related to road geometric
evaluation are becoming increasingly relevant and vital in both academic discourse and technical policy within the
transportation field.
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Figure 6 Study Type

From this visualization, the reference sources used are very diverse, covering various types of scientific and non-
scientific publications, and each section contributes a different portion to the total data analyzed. Most systematic
literature review results are not specifically classified into a particular category, so they are included in the "other"
group due to limitations in metadata or automatic classification. Additionally, the number of citations recorded is
relatively small, indicating that only a few references originate from direct citations in related publications.
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Figure 7 Conceptual framework of curve geometry evaluation
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3.4 Theoretical framework and conceptual framework

This study aims to acquire a conceptual understanding of curve geometry evaluation and its implications [44]. The
theoretical framework presented in Figure 7 shows that curve geometry evaluation is not just about road
dimensions or curve shapes; it is a complex system that includes technical design, user behavior, environmental
factors, and evidence-based analysis through SLR. Preliminary results show that roundabouts or curves as part of
the road geometry system significantly impact driving efficiency and safety [45]. International studies emphasize
that research contributions are strongly influenced by the regional context; developed countries dominate the
scientific publication landscape compared to developing countries, and this reflects differences in technology
adoption capacity as well as resource and data limitations.

Systematic research shows that roundabout design is a popular solution, but people differ on how to use it in
different places, especially cities [46]. For example, a study in Milton Keynes, England, found that roundabout
design can improve traffic safety by 15% and reduce car emissions by 15%. However, this depends a lot on the
elements of the design being adapted to said Environment [47].

This structure supports the systematic literature review approach as a basis for finding essential variables that
affect cornering performance. Nonetheless, geometric interventions, such as replacing sharp corners with
roundabouts or improving curve smoothness, can yield benefits in terms of cost efficiency and road user safety in
the long run. This can be demonstrated through theoretical approaches such as the Tool of Effectiveness Cost and
Long-Term Benefit.

By creating a conceptual model based on these four dimensions, the study not only focuses on physical design but
also integrates environmental factors, user behavior, and socioeconomic context into a holistic framework. With
this understanding, we will thoroughly analyze the literature and identify unexplored research gaps to develop
evidence-based technical and policy recommendations.

4. CONCLUSION

By evaluating aspects such as the horizontal design of curves, sign characteristics, driver behavior, and
geographical conditions, this study aims to uncover important factors that play a role in traffic safety and efficiency
at road curves. The entire description in the previous paragraph forms a strong foundation for producing Results
and Discussion that not only describe the empirical findings from literature studies and actual data but also explain
the relationship between geometric variables and accidents at curves. The results of this research suggest that it
can contribute significantly to the formulation of recommendations for safer road geometric designs, particularly
on high-risk curves, and support the formulation of national and regional road safety policies. These findings also
hold promise for application in developing technical guidelines for road designers, improving early warning
systems in the field, and integrating technologies such as innovative signage and Al-based traffic modeling in the
future. Going forward, the results of this study can serve as a foundation for more specific follow-up studies, such
as simulating driver behavior on curves using a driving simulator, developing a risk classification system based
on curve geometry, and utilizing UAV (drone) and LIDAR technology in real-time analysis of road curve
conditions. Thus, this research is not only scientifically relevant but also practically applicable to support ongoing
efforts to enhance road safety. Future applications are therefore expected to include integration with geographic
information systems (GIS) to map dangerous bends and optimize maintenance strategies. In addition, policymakers
and engineers can collaborate by adopting these research insights into national geometric design guidelines,
ensuring that technological innovation is aligned with regulatory and field-based practices.
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