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ABSTRACT: Lane changing behavior, a pivotal aspect of vehicular dy-
namics, significantly influences traffic flow, safety, and overall road
network efficiency. This review article synthesizes the current body of
knowledge surrounding lane changing behavior, encompassing both
mandatory and discretionary lane changes. The intricate interplay be-
tween various factors, including speed differentials, driver character-
istics, road geometry, and external stimuli, shape the decision-making
processes underlying lane changes. The article explores the underlying
psychological, cognitive, and socio-demographic influences on lane
changing behavior, highlighting the role of emerging technologies such
as advanced driver assistance systems (ADAS) and vehicle-to-vehicle
(V2V) communication. Furthermore, the review delves into existing

models and methodologies employed to analyze lane changing behav-
ior, addressing their limitations and potential for advancement. Real-
world applications, such as work zones and incident management,
are examined to underline the practical implications of understanding
and predicting lane changing behavior. By presenting a comprehensive
overview of the subject, this review aims to deepen the understanding
of the complexities inherent in lane changing behavior, facilitating in-
formed decision-making for traffic management, safety enhancement,
and future research endeavors.
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1. INTRODUCTION

Patterns of changing lanes by each driver is different, and
for the same driver at different traffic conditions also varies.
Again, the lane changing behaviour not only depends on the
driver, but also the type of vehicle he/she is driving. Thus, it
becomes a very important aspect on roads to understand the
lane changing dynamics of the road user at different condi-
tions. Further, as roads have become increasingly congested
and transportation systems more complex, understanding
the underlying factors that drive lane changing decisions has
become essential for optimizing traffic management strate-
gies and enhancing roadway safety. Lane-changing behavior
is inherently intricate due to its involvement with three key
elements: the need for lane changing, the feasibility of ex-
ecuting the act of changing lanes, and the trajectory taken
during the lane-changing maneuver (Huang, 2002; Arai and
Sentinuwo, 2012; Feng et al., 2015; Golbabaei et al., 2014;
Lietal., 2015) Upon a driver's action is compelled to depart
from the existing lane while adhering to a predetermined
path, it leads to what is known as Mandatory Lane Chang-
ing (MLC). Conversely, Discretionary Lane Changing (DLC)
aims to enhance driving conditions, such as attaining a op-
timal velocity, evading trailing behind trucks, or navigating
merging traffic. However, in the case of DLC, the decision
to perform lane changes is not an absolute necessity (Ali et
al., 2018; Vechione et al., 2018; Pan et al., 2016; Kang, and
Chang, 2004). Lane changes within work zones encompass
merging segments that necessitate MLC. This particular type
of lane change stands as the principal driver behind a sub-
stantial proportion involving clashes and interplay between
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vehicles within these merging segments (Pan et al., 2016).
One emerging technological advancement, known as the
Drivers’ Smart Advisory System (DSAS), aims to improve the
interaction among vehicles and temporary traffic control de-
vices in work zones. This innovation is designed to enhance
safety measures and promote better air quality within such
environments (Li et al., 2015). However, the execution of
a single lane change may encompass several seconds. These
maneuvers offer insights into the driver’'s cognitive processes,
where individual driver characteristics substantially influ-
ence factors such as the degree of acceptance for a specific
DIC, therange of adopted acceleration or deceleration (Laval,
and Daganzo, 2005). The driving performance is significantly
influenced by individual socio-demographic factors of drivers,
including but not limited to gender, age, educational history,
and driving experience (Li et al., 2015; Kesting et al., 2007;
Golbabaei et al., 2014).

Lane changing, a maneuver where a vehicle transitions
from one lane to another, occurs in response to a variety of
factors such as speed differentials, congestion levels, road
geometry, driver characteristics, and external stimuli. These
factors interplay in intricate ways, leading to diverse lane
changing behaviors that can impact traffic flow stability,
capacity, and safety. The study of lane changing behavior
is inherently multidisciplinary, involving aspects of traffic
engineering, psychology, human factors, and data analysis.
It holds implications not only for transportation planners
and engineers but also for researchers aiming to model and
predict traffic patterns, manufacturers designing advanced
driver assistance systems, and policymakers implementing
traffic management strategies.

This review article concentrated on lane changing behav-
ior, examining its theoretical foundations, empirical find-
ings, methodologies for analysis, and its influence on traffic
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dynamics. By synthesizing existing research and shedding
light on the complexities of this behavior, this article strives
to provide an in-depth grasp of lane changing phenomena,
facilitating the development of more accurate traffic mod-
els, advanced driver assistance systems, and effective traffic
management policies. Through this exploration, the article
endeavor to contribute to safer and more efficient road net-
works in an ever-evolving urban landscape.

The act of lane changing, where a vehicle moves from one
lane to another, is influenced by a range of factors like speed
variations, congestion, road layout, driver traits, and exter-
nal stimuli. These elements interact intricately, resulting in
diverse lane changing behaviors that impact traffic stability,
capacity, and safety. The study of lane changing spans disci-
plines such as traffic engineering, psychology, human factors,
and data analysis. Its significance extends to transportation
planning, engineering, advanced driver assistance systems
design, and policymaking for traffic management. This review
article focuses on delving into lane changing behavior, cover-
ing theoretical foundations, empirical discoveries, analysis
methodologies, and its repercussions on traffic dynamics. By
amalgamating existing research, the article aims to unravel
the intricacies of this behavior, providing a comprehensive
understanding. The goal is to contribute to the development
of more precise traffic models, advanced driver assistance
systems, and effective traffic management policies. The over-
arching aim is to enhance the safety and efficiency of road
networks in the urban environment.

2. RESEARCH METHODOLOGY

Prominent journals and conferences within the domain of traf-
fic engineering, listed in databases such as Scopus, Web of
Science, Google Scholar, and Science Citation Index, were me-
ticulously selected for investigating the repercussions of lane
changing behavior. Following keyword searches were done to
collect various literature relevant to the present study.

Lane Changing Behavior
Intelligent Traffic Systems (ITS)
Modeling

Driving Behavior/Characteristics
Vehicular Dynamics

Human Factors

Driver Psychology

Road Safety

Road Geometry

10. Microscopic Lane-Changing Models
11. Risk Assessment

12. Environmental Factors

13. Traffic Flow Dynamics

14. Traffic Simulation

15. Traffic Management

CONDU B WN =

Subsequently, the papers were selected based on accessi-
bility, relevance, indexing (only scopus and SCI were select-
ed), and subject matter coming down from 210 to 52 articles.
Figure 1 shows the systematic selection process that was
employed to curate articles for the literature review.

3. REVIEW OF LITERATURE

The literature review on lane-changing dynamics has been
precisely presented, incorporating innovative techniques
such as Intelligent Traffic Systems and simulation. The
structure offers a coherent flow for the review article, sys-
tematically delving into various facets of lane-changing
dynamics. In the pursuit of uncovering novel insights into
lane-changing dynamics and their functionalities, the cur-
rent review is organized into three distinct sections as out-
lined below.

- Lane changing phenomena and Intelligent Traffic Systems
- Driving behaviour during lane changing
- Simulation and modelling

Fig. 1 Flowchart depicting the methodology
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Lane changing phenomena and Intelligent Traffic
Systems

Lane changing is a dynamic maneuver performed by driv-
ers on roadways. Understanding lane-changing behavior is
crucial for traffic flow modeling, road safety, and transpor-
tation planning. ITS involves the integration of advanced
technologies to enhance transportation efficiency, safety,
and management. In the context of lane changing, ITS can
provide real-time traffic information, optimize signal tim-
ings, and facilitate communication between vehicles. The
implementation of ITS contributes to improved traffic flow,
reduced congestion, and enhanced overall road network
efficiency.

Kang, and Chang (2004) examined the relationship be-
tween traffic flow characteristics and macroscopic non-man-
datory lane-changing behavior within a section of freeway.
Data were gathered from a central section of the Capital Belt-
way. The research was divided into two distinct categories:
analyzing the rate of lane changes and assessing the propor-
tion of vehicles engaged in lane-changing maneuvers. By em-
ploying Poisson regression and logistic regression method-
ologies, the investigation aimed to estimate different model
specifications. This approach allowed for a comprehensive
evaluation of how traffic conditions influenced macroscopic
lane-changing patterns.

Laval, and Daganzo (2005) suggested a multi-lane hybrid
theory that conceptualizes lane changing as momentary
blockages. Their model depicted lane-changing vehicles
as discrete entities with constrained acceleration abilities,
fostering realistic interactions within the multi-lane con-
tinuous flow. Notably, this hybrid framework necessitated
just a single additional parameter compared to the simpler
kinematic wave model. The study successfully replicated two
bottleneck phenomena: a decrease in freeway bottleneck
discharge rate as congestion initiates and the relationship
between a moving bottleneck’s speed and its capacity. Future
research avenues could delve into intricate lane changing
behaviors within merge bottleneck scenarios.

Adelakun and Cherry (2009) focused on understanding the
perspectives of long-haul truck drivers concerning urban traffic
congestion and safety difficulties, particularly focusing on lane
changing behavior, geometric configurations, and operational
solutions. A comprehensive survey was conducted, involv-
ing 500 truck drivers, at the strategic junction of prominent
interstate highways running north-south and east-west in
Knoxville, Tennessee. The dataset was equally divided among
owner-operators and drivers utilized by truck companies. The
research highlighted key concerns among truck drivers on
Knoxville's urban highways, which encompassed issues such
as aggressive driving, congestion, car lane changing patterns,
and the merging behavior of vehicles. The study’s recommen-
dation pointed towards enhanced truck management strate-
gies, proposing the implementation of traditional truck lane
restrictions or exclusive truck-only lanes to mitigate issues
tied to car merging and lane changing

Huizhi et al. (2010) considered the effects of lane-changing
to traffic capacity, based on the observation data. A correla-
tion was established between lane-changing tendencies and
traffic capacity, revealing that during high traffic conditions,
the likelihood of lane-changing occurrences was diminished,
while in moderate traffic scenarios, the likelihood of lane-
changing actions was highest. To encapsulate this relation-
ship, a model was formulated, anchored in the connection
between traffic capacity and road space allocation. The cali-
bration of model parameters was facilitated by incorporating
a correction factor.

Jin (2010) introduced a straightforward model aimed at
investigating the bottlenecks caused by lane-changing be-
havior within traffic and the cumulative dynamics of a road
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section featuring lane-changing segments. It was noted that
avehicle’'s lane change exerted an influence on traffic within
both its current lane and the target lane. This study exam-
ined how lane-changing traffic impacted overall traffic flow
through modifications to fundamental diagrams and the
application of a basic kinematic wave model. The results
indicated that lane changes indeed had considerable bot-
tleneck effects on the wider traffic flow. The authors rec-
ommended that future research delve into various aspects,
including studying lane-changing intensity across distinct
road configurations, sites, on-ramp/off-ramp interactions,
and varied traffic conditions.

Duret et al. (2011) estimated the lane changing behavior
parameters using passing rate measurements. The findings
were calibrated using vehicle paths from a pair of distinct
freeway segments. The study revealed that relaxation oc-
curred within approximately 15 seconds, with the shoul-
der lane exhibiting a longer relaxation period. Additionally,
passing rate measurements were utilized to quantitatively
assess the after-relaxation effect of multiple lane-changing
maneuvers within platoons comprising 10 or more vehicles
in a queued traffic flow. The results indicated that the lane-
changing maneuvers did not have a lasting effect on traffic
states, as traffic streams experienced temporary unsettled
conditions due to these maneuvers, only to revert to their
initial states after relaxation periods.

Hu et al. (2012) studied traffic flow that combines motor-
ized vehicles and non-motorized vehicles in the motorized
vehicle lane. Notably, the investigation considered the unau-
thorized lane-changing behavior of non-motorized vehicles,
integrating factors like motivation for overtaking and aware-
ness of traffic safety. A novel model designed to simulate
mixed traffic flow was introduced, integrating a new set of
regulations within the context of Kerner's three-phase theory.
Through a sequence of simulations, the research aimed to
comprehend the formation, progression, and impact of mixed
traffic flow. The findings indicated that the suggested model
was capable of not only elucidating the travel patterns of
mixed traffic environment but also addressing intricate traf-
fic issues including traffic breakdown and the emergence of
synchronized flow patterns.

Du et al. (2013) focused on examining lane-changing be-
haviors on freeways featuring distinct high-occupancy ve-
hicle (HOV) access configurations. Lane change data were
collected and then associated with lane-by-lane flow, along
with occupancy data gathered from the California Freeway
Performance Measurement System. The findings highlighted
that instances of vehicles exiting the HOV lane were asso-
ciated with a higher density of lane changes per distance
unit within a shorter time gap. The study concluded by sug-
gesting that lane-changing maneuvers, when considered in
conjunction with HOV facilities, could serve as valuable tools
for analyzing traffic operations, simulating driver behavior
models, and assessing lane configurations and access control
strategies.

Marczak et al. (2014) conducted an empirical analysis
of lane changing behavior, utilizing a trajectory dataset
obtained from a weaving section in Grenoble, France. The
primary focus was to investigate lane changing behaviors
at a microscopic level within this context. The research-
ers undertook a descriptive empirical examination of lane
changes occurring in weaving scenarios, specifically analyz-
ing the positioning of lane changes and the accepted gaps.
Notably, it was observed that vehicles engaged in weaving
activities were inclined to change lanes promptly following
the initiation of the weaving section, particularly evident
during congested traffic conditions. Additionally, the posi-
tions of lane changes were more dispersed during the initial
part of the weaving section when traffic was flowing freely.
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Furthermore, the study indicated that vehicles originating
from the main road exhibited a tendency to change lanes
earlier than those emerging from auxiliary lanes. The find-
ings highlighted the need for further research, particularly
exploring the impact of weaving section length on the ap-
plicability of the model.

Qi et al. (2016) explored lane-changing maneuvers by
means of a distinct dataset comprising aerial photos collected
from a specific road segment, both before and after the con-
version of a high occupancy vehicle (HOV) lane configuration.
The data was meticulously validated using a Kalman filter
smoothing algorithm. The findings illuminated substantial
impacts induced by the HOV-lane configuration on various
lane-changing behaviors, encompassing aspects like lane-
changing intensity, highway facilities, maneuvers involving
merging into the HOV lane, and statistics related to time gaps.
The study's implications extended to aiding the design of HOV
lanes and offering valuable input for the calibration of micro-
simulation models focused on lane-changing behaviors.

He et al. (2016) concentrated on the frequent occurrence
oflane changing and merging within work zones. The inves-
tigation encompassed discretionary lane changes, consider-
ing various conditions such as driver response to signage,
speed reduction, driver aggressiveness, and interactions
with entering and exiting the work zone area, as well as
maneuvering around slower-moving and heavy vehicles.
With the aim of enhancing work zone safety, the researchers
formulated a logistic regression model to pinpoint factors
influencing drivers’ behaviors. The findings highlighted that
several factors, including vehicle type, average speed in the
original lane, and volume of the target lane, significantly
influenced lane changes within work zones. The study under-
scored the significance of comprehending driver behaviors,
particularly concerning lane changing within and near work
zone areas, as a means to enhance the design and operation
of safe work zones.

Shuaib (2016) introduced a novel approach by integrat-
ing decision-making capabilities as an intelligent component
within crowd dynamics models to accurately replicate real-life
pedestrian flow. To achieve this, the researchers extended the
social force model to include pedestrians’ cognitive abilities,
particularly in bidirectional walkways. In this extended model,
the layout of lanes served as a social network, enabling simu-
lated pedestrians encountering challenges in their movement
to identify pertinent factors influencing their lane-changing
behavior. Quantitative measurements were then conducted to
examine the impact of pedestrians’ motion efficiency.

Chen et al. (2016) presented empirical insights into the
behaviors of car-following and lane-changing, with a specific
focus on heavy vehicles. The researchers utilized trajectory
data extracted from the next generation simulation program
to conduct their analysis. Their findings revealed that when
heavier vehicles followed passenger cars, the existence of
heavy vehicles led to a reduction in speed fluctuations caused
by traffic disruptions, contributing to the mitigation of traf-
fic oscillations. Conversely, passenger cars following heavy
vehicles exhibited a tendency to worsen traffic disruption,
albeit with a lower likelihood and degree compared to the
dampening effect. It was observed that heavy vehicles often
deterred lane-changing action, and the prevalence of larger
gaps behind heavy vehicles led to a suboptimal utilization
of road capacity. The study concluded that a reduction in
lane changes could enhance traffic stability by averting or
minimizing disturbances.

Yun et al. (2017) investigated the effects of in-vehicle
navigation data on lane-changing behavior. The researchers
assessed lane-changing characteristics using various key
indicators. Their findings unveiled that the influence of in-
vehicle navigation data on lane-changing action exhibited
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variability based on traffic flow density and the timing of
the initial navigation guidance. Importantly, the study noted
that the introduction of in-vehicle navigation had a favorable
effect on safety, particularly under conditions of moderate to
high traffic density. The research concluded that providing in-
vehicle navigation information earlier could yield enhanced
improvements in driving behavior.

Qietal. (2017) delved into the lane-changing patterns and
sought to quantify the inherent connection between a driver's
heart rate and their lane-changing behavior amidst urban
traffic congestion. The experimentation exclusively involved
selected drivers and specific testing routes. The researchers
introduced the concept of a “pressure-state-response” model,
employing back propagation neural network theory, which
utilized data linked to driver behavior. This model incorpo-
rated the driver’s pressure and state were utilized as input
parameters, ultimately predicting the driver's reaction as
the output. The study concluded that this pressure-state—
response model could serve as a valuable tool for issuing
warnings regarding risky lane-changing maneuvers in the
context of urban traffic congestion.

Ali et al. (2018) explored the behavior of mandatory
lane-changing (MLC) using the CARRS-Q Advanced Driving
Simulator. Participants from diverse backgrounds were se-
lected to engage in randomized driving scenarios within the
experiment. Utilizing statistical analyses such as ANOVA
in the form of a linear mixed model and Generalized Esti-
mation Equation (GEE), the researchers examined a range
of performance metrics related to driving in the context of
MIC events. The findings revealed that, in comparison to the
baseline condition, drivers in the connected environment
exhibited tendencies to wait for longer periods, accelerate
initially, maintain increased spacing, and display a preference
for fewer gap rejections along with a preference for larger gap
sizes during the lane-changing process.

Zhang et al (2018) investigated the attributes of lane-
changing behavior exhibited on a four-lane freeway segment
across varying traffic conditions. Extending over an extended
period, the research observed driver behaviors and identified
a total of 433 lane-changing instances for analysis. Employ-
ing a logit model, the investigators dissected the selection
of target lanes and conducted a likelihood analysis of lane-
changing patterns across three distinct traffic conditions:
free flow, medium flow, and heavy flow. The study concluded
that lane-changing behavior among exiting vehicles was the
result of a nuanced balance between route planning and an
aspiration to enhance driving conditions. Furthermore, the
research highlighted that lane-changing from slower lanes to
faster lanes correlated with heightened speed variance values,
implying an elevated risk of potential collisions.

Das and Ahmed (2019) offered valuable observations into
lane-changing attributes rooted in driver behavior under vary-
ing weather conditions, specifically fog and clear weather,
utilizing the Naturalistic Driving Study (NDS). While only
alimited number of researchers have investigated lane-chang-
ing behavior categorized by driver type, this particular study
delves into the influence of adverse weather situations on such
behavior. Multiple hypotheses were tested across diverse traf-
fic conditions to discern differences in the frequency of lane-
changing events per mile and the duration of lane changes
between foggy and clear weather. Employing the K-means
cluster analysis technique, the drivers were categorized into
two groups: conservative and aggressive. The findings un-
veiled that in situations of heterogeneous traffic, the mean
duration of lane changes was notably longer during heavy fog
when compared to clear weather conditions. The study con-
cludes that, in the context of heavy fog, conservative drivers
tend to exhibit longer durations for lane-changing maneuvers
compared to their behavior in clear weather conditions.
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Fig. 2 Lane-changing behaviour at off ramp areas in freeways
(Source Zhang et al (2018))

Wang et al. (2019) presented a comprehensive overview
of prominent research endeavors concerning lane-changing
models, algorithms, and traffic repercussions as per Con-
nected and Automated Vehicles (CAVs). The analysis primarily
concentrates on aspects like Vehicle-to-Vehicle (V2V) commu-
nication, decision-making and planning for lane-changing,
aswell as vehicle control algorithms. The review underscores
the necessity for an in-depth exploration of real-world ap-
plications of CAV technologies to address prevailing gaps in
the existing body of research.

Lietal. (2020) investigated how traffic jam impacts driver
behavior on roads after congestion, specifically the roads
traversed immediately after congestion. The study involved
25 participants who underwent simulation trials, conducting
two separate trials—one under post-congestion conditions
and the other under non-congestion conditions. By analyzing
various parameters such as performance indicators related to
driving, eye movement measurements, and electroencephalo-
gram (EEG) measurements, a comparison was made between
the two conditions. The researchers employed a hierarchical
clustering method to identify distinct driver response pat-
terns. The study’s findings revealed that, following conges-
tion, driver behavior tended to become more aggressive, with
increased focus on the forward area but decreased focus on

the dashboard area. The research concluded that traffic con-
gestion had a detrimental impact on driver behavior in the
context of post-congestion roads.

Mohanty, and Dey (2020) utilized Markov's process to ex-
amine the lane-changing behavior of approaching through
vehicles influenced by the U-turns. To gather data, they em-
ployed video graphic techniques at seven median openings
situated on six-lane divided roads. These selected locations
were devoid of factors such as horizontal curvature, inter-
sections, bus stops, parked vehicles, pedestrians, or other
sources of side friction. Probability matrices were established
for the initial 10 meters of the slowdown section, followed
by transition matrices for each lane. By utilizing Markov's
process, they assessed the lane-changing probabilities of
vehicles and compared the results with actual field data.
The study revealed that the likelihood of lane changing was
higher when U-turning volumes were low, and this prob-
ability diminished as U-turn volumes increased. The research
suggested that Markov's process could be effectively applied
to enhance traffic management at median openings.

Driving behaviour during lane changing

Understanding driving behavior is essential for road safety
initiatives, traffic management, and the development of intel-
ligent transportation systems. It involves a complex interplay
of cognitive, psychological, and external factors that con-
tribute to the dynamics of vehicular movement on the road.
Understanding the intricacies of driving behavior during lane
changing is crucial for improving traffic safety, developing
effective driver assistance systems, and optimizing traffic
flow on roadways.

Cooper et al. (2008) explored the impact of naturalistic,
hands-free, cell phone conversations on the driver's behavior
regarding lane changes. The study involved 36 undergradu-
ate psychology students who were placed within a simulated
highway setting by three traffic density levels. Participants
were directed to adhere to speed limits and signal lane chang-
es. The findings revealed that, particularly in medium and
high traffic density scenarios, engaging in cell phone conver-
sations led to reduced lane changes, decreased average speed,
and a notable rise in travel duration. Interestingly, drivers
engaged in cell phone conversations exhibited a higher like-
lihood of trailing slower-moving lead vehicles compared to
those solely focusing on driving tasks.

Moridpour et al. (2010) studied the traffic flow charac-
teristics under congested traffic conditions due to the lane
changing behavior of drivers operating heavy vehicles and
passenger cars. The analysis encompassed 28 lane-changing
maneuvers executed by heavy vehicles and an equal number
by passenger cars. It was noted that when heavy vehicles exe-

Fig. 3 Lane changing behaviour at median opening (Source Mohanty, and Dey (2020))
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cuted lane changes, their speed exhibited minimal alteration.
This was attributed to the heavy vehicle drivers' tendency to
transition to slower lanes to avoid hindering faster-moving
vehicles approaching from behind. In contrast, passenger
car drivers adjusted their speed as per the lead and trailing
vehicles’ speeds within the intended lane. Consequently, pas-
senger car drivers more frequently opted for lane changes into
faster lanes in order to gain a speed advantage.

Aghabayk et al. (2011) explored the decision-making and
execution of lane-changing maneuvers by drivers of heavy
vehicles on both urban roads and highways. The researchers
noted that, due to the distinctive attributes of heavy vehi-
cles and associated driver behavior, lane changes by these
vehicles could potentially have a more pronounced effect on
traffic flow than those executed by passenger vehicles. They
highlighted a significant gap in the literature concerning the
investigation of lane-changing maneuvers involving heavy
vehicles. By comparing the conduct of drivers operating
heavy vehicles with that of passenger car drivers, the study
uncovered nuances, particularly on arterial roads, where fac-
tors such as vehicle type and size influenced lane-changing
behaviors. The researchers recommended that upcoming re-
search ought to delve deeper into the incorporation of heavy
vehicle characteristics into traffic dynamics with enhanced
granularity.

Reimer et al. (2013) aimed to assess the impact of age
and cognitive demand on both lane choice and lane chang-
ing behavior. Participants were categorized into three age
groups: 20-29, 40-49, and 60-69. The findings revealed el-
derly individuals exhibited a more cautious driving approach
in comparison to their younger counterparts. Specifically,
individuals in their 60s were less inclined to travel in the
leftmost lane compared to those in their 20s and 40s, and
less prone to making lane changes than those in their 40s.
Furthermore, the study noted that cognitive workload had
a consistent effect across age groups, reducing the frequency
of lane changes. The researchers concluded by suggesting
that more investigation is required to comprehensively un-
derstand the influence of augmented cognitive demands on
lane changing behavior.

Golbabaei et al. (2014) centered on examining the factors
influencing aggressive overtaking maneuvers by road users.
The Aimsun traffic simulator was employed to assess the ef-
fects of speed deviations on various performance metrics,
including delay time, mean network speed, and travel time
duration. The model was fine-tuned using data from a segment
of urban highway in Tehran. Through comprehensive test-
ing, the researchers elucidated the behavior of lane-changing
maneuvers across various speed deviation scenarios. Notably,
a significant reduction in the frequency of lane changes was
observed when speed deviations were minimized, subsequent-
ly leading to improved network safety.

Li et al. (2015) focused on examining how driver lane-
changing aggressiveness influences the stability of traffic
flow within a two-lane system. To explore this phenomenon,
a generalized lattice hydrodynamic model was employed,
considering the individual lane-changing aggressiveness of
drivers. Through a linear stability analysis, the study revealed
that the level of driver lane-changing aggressiveness sig-
nificantly effects the stability of traffic flow in the two-lane
system. Notably, the findings indicated that higher lane-
changing aggressiveness contributes to a traffic flow that
is more stable.

Hill et al. (2015) focused on delving into the nuances of
freeway lane changing as per the driver type executing the
maneuver, instead of relying solely on external observation-
based data. The study involved 46 participants who operated
instrumented vehicles, collectively executing 726 freeway
lane changes. Through cluster analysis, the participants were
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segmented into four distinct groups spanning from conserva-
tive to aggressive driving styles. Examination of the data
enabled the identification of relationships between driver
types and their lane changing attributes, notably regarding
lane changing duration and gap acceptance behaviors. The
findings unveiled that conservative driver displayed longer
lane changing durations compared to their aggressive coun-
terparts. Interestingly, no definitive correlation was observed
between gap acceptance tendencies and driver types. The
study concluded by highlighting the impact of driver type
on freeway lane changing behavior and advocated for its
consideration when designing or refining simulation-based
lane changing models.

Keyvan-Ekbatani et al. (2016) explored the process of de-
cision-making underlying lane-changing maneuvers across
diverse drivers, employing a two-stage test-drive approach.
In the initial stage, participants were directed to operate
a camera-equipped vehicle on a Dutch freeway. Subsequently,
in the second stage, drivers were prompted to analyze their
choices concerning both lane selection and speed, drawing
insights from recorded video footage. The investigation un-
veiled substantial variability in strategies adopted by differ-
ent drivers when choosing lanes. It was also noted that deci-
sions to change lanes were intricately linked with their speed
preferences. An intriguing observation emerged: all drivers
considered their chosen strategy as inherently logical and
anticipated other drivers to adopt similar behaviors.

Wang et al. (2017) introduced a multi-lane changing model
considering the influence of drivers’ psychology and behav-
ior, with a distinction between aggressive and conservative
drivers. The study found that this model effectively describes
traffic flow characterized by frequent lane changing, par-
ticularly aligning with driving behavior in China. The model
demonstrated substantial impacts on density, flow, speed,
and the risk factor. Notably, a positive correlation between
the risk factor and traffic flow efficiency was observed at lower
traffic demand. However, under higher traffic demand, fre-
quent lane changing exhibited a detrimental effect on traffic
efficiency. In summary, the proposed model proves suitable
for representing traffic flow with a high proportion of lane
changes, aligning well with drivers’ prevalent behavior of
frequent lane changes.

Fig. 4 - Lane changing decision-making and influencing factors
(Source Wang et al.(2017)
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Guo et al. (2018) focused on examining lane-changing
behavior on Chinese freeways, particularly in areas char-
acterized by relatively aggressive driving conditions. Video
graphic data were gathered from both urban expressways
and an intercity highway to investigate various aspects of
lane-changing, including the rate, motivations, target lane
preferences, and its influence on traffic. The research re-
vealed that lane-changing constituted a transient behavior,
occurring randomly and frequently, which was a hallmark
of aggressive driving tendencies. It was observed that this
frequent lane-changing behavior heightened the risk associ-
ated with high-speed car-following scenarios.

Vechione et al. (2018) scrutinized drivers' behavior in the
contexts of both mandatory and discretionary lane changes.
The researchers gathered descriptive statistical data from both
types oflane changes and subsequently performed hypothesis
tests for comparisons. Their observations indicated that the
sole variable showing statistically significant that exhibited
notable variations in averages and distributions was the space
between the subject vehicle and the preceding vehicle in the
initial lane. The study underscores the need for further exten-
sive research to deepen our understanding of both mandatory
and discretionary lane-changing behaviors.

Shi, and Liu (2019) explored drivers’ lane-changing be-
havior within the context of distinct per-lane speed limits.
Three separate test scenarios encompassing varying speed
limit configurations were utilized, and driving behavior as
well as workload characteristic parameters were meticu-
lously collected. The research devised task workload indexes
to assess the qualities of drivers' experiences. Notably, the
investigation revealed that the designated per-lane speed
limits exerted a substantial influence on both lane-changing
behavior and the associated levels of driving workload. The
study proposes that employing a differentiated per-lane speed
limits approach holds potential for enhancing traffic safety
management.

Simulation and modeling

Simulation and modeling play a crucial role in understand-
ing and predicting lane-changing behavior. These tools offer
insights into traffic dynamics, contribute to road safety as-
sessments, and aid in the development of intelligent trans-
portation systems.Simulation and modeling provide valu-
able insights into the complex dynamics of traffic systems,
allowing researchers, engineers, and policymakers to make
informed decisions for improving transportation efficiency,
safety, and overall urban mobility.

Sheu, and Ritchie (2001) employed an approach based
on stochastic system modeling to predict fluctuating lane-
changing proportions and queue lengths over time aiding
real-time incident management in traffic. The approach uti-
lized a stochastic model operating in discrete time intervals,
incorporating recursive and quantification identification
alongside boundary restrictions to define variables describ-
ing the traffic conditions within lanes and between lanes. To
evaluate these variables, methods such as Kalman filtering,
truncation, standardization, and a queue update process were
applied. The input data for the model relied solely on lane
traffic counts gathered from traditional point detectors. The
model underwent calibration using video-derived data and
validation through simulated data generated by the TRAF-
NETSIM Version 5.0 simulation model.

Huang (2002) studied modeling of lane-changing behavior
in amulti-lane highway using cellular automaton techniques.
The researcher examined the impact of factors such as speed
limits and stochastic noise. Notably, it was observed that the
rate of lane-changing becomes negligible when the highway
isin a stationary state without stochastic noise. Conversely,
the presence of stochastic noise led to frequent lane changes,
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even in the absence of slower vehicles to overtake. Further-
more, the study identified a subset of vehicles displaying
aggressive behavior, changing lanes opportunistically. Sur-
prisingly, these aggressive vehicles maintained only a slightly
higher speed than their counterparts.

Choudhury (2005) developed arefined lane-changing model,
which was a versatile framework capable of encompassing
lane-changing behavior in various scenarios, even in the pres-
ence of unlimited access exclusive lanes. The researcher intro-
duced anovel lane-changing model, distinguished by its clear
selection of a destination lane. Notably, this model depicted
lane changes following the direction indicated by the selected
target lane, contingent upon the availability of sufficient gaps.
Model parameters were collectively estimated utilizing com-
prehensive data regarding vehicle paths and subsequently
adjusted for a context involving an unrestricted access High
Occupancy Vehicle (HOV) lane. To validate the model's perfor-
mance, a comparison was drawn against a preexisting lane-
changing model through a microscopic traffic simulator within
an HOV lane context. The study revealed that the choice of
target lane is influenced based on lane-specific characteris-
tics, like average speed and traffic density, as well as variables
linked to path planning and the intricate interactions between
the subject vehicle and its neighboring vehicles.

Coifman et al. (2006) introduced within this study is the
notion of delay attributed to lane-change maneuvers, accom-
panied by a method designed to assess these delays within
a specific lane. This assessment is relative to scenarios devoid
of any lane-change maneuvers. The researchers explored the
impact of lane-change actions on delays in traffic, leverag-
ing vehicle trajectory data containing precise temporal and
positional information for each vehicle. The study postulated
that the devised methodologies offer an effective means to
estimate delays stemming from lane-change maneuvers, par-
ticularly on congested freeway segments.

Kesting et al. (2007) suggested a comprehensive model
called as minimizing overall braking induced by lane changes
(MOBIL). This model aimed not only to evaluate the desirabil-
ity of a particular lane but also to consider the risks inherent
in executing lane changes. The study established both general
safety criteria, preventing hazardous lane changes and col-
lisions, and incentive criteria that incorporated the mutual
pros and cons of lane changes for other drivers, factoring in
a politeness factor. Employing the MOBIL model, simulations
were conducted involving cars and trucks, utilizing the intel-
ligent driver model as the foundational car-following model.
The study recommended an exploration of the lane-changing
rate, accounting for its variation concerning both spatial
coordinates and traffic density.

Sun, and Kondyli (2010) have quantified the interactions
between vehicles while executing a lane-changing action,
utilizing video data captured on a bustling arterial street in
Gainesville, Florida. Through this data, distinctions were
drawn among three categories of lane changes: voluntary,
compelled, and collaborative/competitive. A specific model
was formulated, focusing particularly on competitive/coop-
erative lane changes. This model enabled the examination
of whether following vehicles cooperated with the primary
vehicle during lane changes. To validate the model’s efficacy,
it was implemented within the CORSIM microsimulator pack-
age. The study findings demonstrated that this novel model
exhibited improved accuracy in emulating observed traffic
patterns across varying congestion levels.

Arai, and Sentinuwo (2012) presented a new Cellular Au-
tomation model designed to explain the occurrences of sud-
den-braking actions and lane-changing maneuvers in traffic
flow. Additionally, the study delved into the ramifications
of lane-changing maneuvers on traffic congestion arising
from spontaneous braking actions. Investigating the effects
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within a two-lane, one-way traffic scenario, the researchers
examined the influence of factors like spontaneous braking
probability and lane-changing maneuvers. Their findings sug-
gested that traffic congestion could stem from not only road
capacity limitations but also driver behaviors. While the study
highlighted the substantial impact of spontaneous braking
on local vehicle speeds, it did not encompass the broader
systemic implications. As a result, future endeavors should
encompass a holistic consideration of all traffic-related facets
to provide a more comprehensive perspective.

Sun, and Elefteriadou (2012) contended that most prevail-
ing models had been developed and validated using vehicle
trajectories, lacking the incorporation of driver-specific at-
tributes. To address this, an experiment was orchestrated
utilizing instrumented vehicles, observing drivers’ behaviors
across diverse situations involving lane changes in urban
environments. The gathered data, derived from lane-changing
maneuvers executed within an urban street setting, were em-
ployed to categorize 40 drivers into four distinct groups. The
study’s ultimate deduction was that to enhance the precision
of lane-change behavior models, it is imperative to account
for driver behaviors within urban street networks.

Rahman et al. (2013) conducted a comprehensive review of
current microscopic lane-changing models, which are com-
monly applied in roadway traffic simulation. The objective was
to enhance understanding regarding the specific attributes,
strengths, and limitations of these models. One notable obser-
vation was that the existing models insufficiently accounted
for driver distractions, environmental conditions, and geo-
metric features (such as curves) of roadways. This complexity
becomes more pronounced within real-time traffic scenarios.
The study’s recommendation underscored the necessity for
detailed microscopic vehicle trajectory datasets. These data-
sets are essential for the development of new lane-changing
models that accurately capture the complexities of real-time
traffic. Furthermore, such datasets are crucial for calibrating
and validating lane-changing models to ensure their fidelity
in representing real-world traffic dynamics.

Ding et al. (2013) evaluated the efficacy of utilizing
Back-Propagation (BP) neural networks to predict lane-chang-
ing trajectories using historical vehicle data. The comparison
encompassed training time and prediction accuracy, contrast-
ing the results between the Back-Propagation (BP) neural
network model and the Elman Network model. To validate the
model's performance, driving simulator data was employed.
The findings concluded that the Back-Propagation (BP) neural
network proved to be a precise method for predicting driver
lane-changing behavior within urban traffic flow.

Zheng et al. (2014) utilized a neural network (NN) model to
effectively capture the intricate nature of lane changing behav-
ior. Vehicle trajectory data were used for estimating and vali-
dating the model.A multinomial logit (MNL) model was also
incorporated for comparison purposes. The findings revealed
that both models performed adequately for non-lane-changing
instances. However, when it came to lane-changing samples,
the neural network (NN) model outperformed the MNL model.
Specifically, the NN model accurately predicted 94.58% of left
lane-changing instances and 73.33% of right lane-changing
instances, while the MNL model exhibited significantly lower
accuracy, correctly predicting only 13.25% and 3.33% of lane-
changing instances to the left and right respectively.

Zheng (2014) conducted a comprehensive review of recent
advancements in modeling lane-changing behavior. The re-
searcher organized the lane-changing behavior models into
two distinct categories: those designed to comprehend the
decision-making process behind lane changing, and those
aimed at assessing the repercussions of lane changing ac-
tions by neighboring vehicles. The review delved into the
methodologies and essential attributes of various models
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within these categories. Ultimately, the study underscored
the need for future research endeavors in this domain to fur-
ther enhance the understanding and outcomes in the field of
lane-changing behavior modeling.

Li et al. (2015) employed lane-changing models based on
fuzzy logic, incorporating both drivers’ socio-demographic
characteristics and their lane-changing behaviors within
work zones. The research focused on socio-demographic fac-
tors of drivers as independent variables and Lane-Changing
Response Time (LCRT) and Distance (LCRD) as the result-
ant output variables. Notably, the implementation of the
Drivers’ Smart Advisory System (DSAS) effectively provided
instructions to all drivers, encouraging earlier lane-changing
preparations and subsequently reducing the time required
for lane changes. The study highlighted the significance of
further research in prioritizing aspects such as drivers’ edu-
cational background, age, and gender within the context of
lane-changing maneuvers.

Park et al. (2015) provided insights into the attributes of
Discretionary Lane changes (DLC). By employing trajectory
data from the Next Generation Simulation, the study ana-
lyzed traffic conditions surrounding DLC actions on a meso-
scopic scale, allowing for a detailed examination. The findings
underscored the considerable impact of speed and density
differences on the rate of lane changes. Notably, the research
identified that drivers exhibited a propensity to change lanes
more frequently when aiming for increased speed and greater
space in the target lane. It was concluded that the connec-
tions between lane-changing behavior, speed disparities, and
traffic density differences exhibited statistical significance
and a non-linear relationship.

Feng et al. (2015) conducted a simulation on an actual
road segment, employing a novel cellular automaton model
to validate the outcomes. The simulation aimed to assess
alterations in overall traffic flow dynamics resulting from
unconstrained lane-changing behavior within typical urban
environment. In evaluating the effect of lane-changing, the
study focused on two pivotal aspects: time and space. These
dimensions were respectively quantified through average
delay and transitable flow rates. To construct these param-
eters, the researchers employed dual independent variables:
the probability of vehicle arrivals and the green signal ratio.
The culmination of this investigation involved comparing two
surfaces—namely, those arising from free lane-changing and
uninterrupted forward progression—while also addressing
the horizontal projection of their intersecting lines.

Pan et al. (2016) introduced a novel mesoscopic multi-
lane model designed to effectively simulate both mandatory
and discretionary lane-changing behaviors. The focus was on
capturing the complex dynamics of multi-lane traffic, particu-
larly within expressway contexts. By integrating lane-specific
fundamental diagrams, the model could replicate dynamic
and diverse lane flow distributions with heterogeneity.Addi-
tionally, various priority levels were assigned to distinct lane-
changing motivations, reflecting varying levels of urgency.
Calibration and validation of this mesoscopic multi-lane cell
transmission model were carried out on a complex merging
segment of California’s State Route 241 freeway.The study
not only highlighted the advantages and disadvantages of
lane-changing maneuvers but also positioned the model as
a tool for predicting the repercussions of traffic incidents and
informing lane control strategies.

Li and Sun (2017) introduced an integrated model that
combined vehicle lane-changing with microscopic dynamic
car-following within the context of a road bottleneck. The
researchers explored the impact of lane-changing on various
aspects including traffic effectiveness, safety, and fuel usage.
The investigation considered a range of variables such as the
distance from the emergency sign. preceding the lane closure,
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speed limits, and traffic density. By conducting comprehen-
sive simulations across various scenarios, the study revealed
instances where lane-changing proved advantageous, shed-
ding light on conditions under which this maneuver could
offer benefits to the overall traffic system.

Huang et al. (2019) investigated the correlation between
lane-changing spacing intervals facilitated by off-ramp pro-
visions and prevailing traffic flow situations. By examining
various lane-changing behaviors in off-ramp areas, the re-
searchers investigated the subject. Employing VISSIM-based

micro simulations in off-ramp scenarios, they captured traffic
flow scenarios associated with diverse lane-changing spacing
intervals and relevant model parameters like traffic volume
and off-ramp vehicle ratio. Their findings indicated a direct
relationship between lane-changing spacing intervals and
both traffic volume and off-ramp vehicle ratio, with increased
intervals observed under higher traffic volume and off-ramp
vehicle ratios. The study underscores the potential for en-
hancing traffic capacity by optimizing lane-changing spacing
intervals and related behaviors.

Work
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Lane-changingtime
Lane-changing distance

Lane-changing \
response
distance
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warning area
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Fig. 5 Diagram illustrating lane-changing behavior using Drivers’
Smart Advisory System (Source Li et al. (2015)

Fig. 6 Mapping of socio-demographic factors with lane-change
decision time and distance. (Source Li et al. (2015)
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Fig. 7 Lane-changing behaviors exhibited by primary through
vehicles in various traffic conditions: (a) no congestion; (b) due to
traffic flow saturation or exceeding saturation and (c) off ramp traf-
fic flow saturation or over-saturation. (Source Huang et al. (2019)

Fig. 8 Lane-changing behaviors of off ramp vehicles under different
traffic conditions: (a) no traffic jam; (b) through through traffic flow
saturation or over-saturation and (c) off ramp traffic flow satura-
tion or over-saturation. (Source Huang et al. (2019)
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Fig. 9 Analysis of AGS distance and schematic calculation diagram for the innermost lane on a two-way eight-lane expressway

(Su et al. (2022)

Suetal. (2022) involved the modification of advance guide
signs (AGSs) to align with the lane change traversal time
in free flow conditions in China. Utilizing VISSIM simula-
tion, the researchers observed a slight variance between the
eight-lane changing distance calculated through the modified
theoretical approach and the VISSIM simulation in free flow
conditions. The study recommended placement distances
for all-level AGSs at 3 km, 2 km, 1.2 km, and 0.8 km, taking
into consideration the formula for the attenuation of driver’'s
short-term memory. Additionally, the proposed modified lane
change distance formula incorporated factors such as the
driver's waiting, reaction, and execution periods.

4. SUMMARY AND DISCUSSION

Lane changing behavior is a crucial aspect of traffic dynam-
ics that plays a important role in influencing traffic flow,
congestion, safety, and overall road efficiency. Researchers
have extensively studied various aspects of lane changing
behavior, seeking to understand the factors that drive driv-
ers to change lanes, the patterns of lane changing under
different conditions, and the impacts of these maneuvers on
the surrounding traffic environment. Studies have explored
both discretionary and mandatory lane changes, consider-
ing factors such as speed differentials, traffic density, driver
characteristics, road geometry, weather conditions, and the
presence of other vehicles.

Lane changing behavior can be analyzed by considering
various elements like road user characteristics, vehicle attrib-
utes, pavement conditions, spatial availability, and location
specifics. Among these factors, driver behavior and vehicle
trajectories are frequently employed by researchers to inves-
tigate lane changing tendencies. Recent advancements in
the field have introduced innovative techniques like Back-
Propagation neural network models, Cellular Automation
models, fuzzy logic-based lane-changing models, Kalman
filter methods, car-following models incorporating road bot-
tlenecks, vehicle-to-vehicle (V2V) communication, VISSIM
based micro simulations, queuing analysis, and Markov's
process. These diverse approaches collectively contribute to
a comprehensive understanding of lane changing behavior
in urban networks. These methods address different facets of
the phenomenon, revealing insights into how drivers make
lane-changing decisions and how vehicles interact within the
traffic flow. By utilizing a range of methodologies and consid-
ering various influencing factors, researchers aim to uncover
the underlying dynamics and intricacies of lane changing
behavior in urban settings.
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Sheu, and Ritchie (2001) and Qi et al. (2016) have adopted
Kalman filter techniques to validate the lane changing be-
havior parameters and to suggest the better understand-
ing of the lane changing phenomena. Sheu, and Ritchie
(2001) focused mainly on the traffic characteristics related
to incidents within lanes and between lanes based on queue
length analysis, whereas Qi et al. (2016) focused on the lane-
changing maneuvers of high occupancy vehicle (HOV) based
on aerial photo. Huang (2002), Arai, and Sentinuwo (2012),
and Feng et al. (2015) have utilized the cellular automation
model to study the lane-changing behavior of the urban road
network. Huang (2002) has not given the sufficient informa-
tionregarding the driver and vehicle behavior, whereas Arai,
and Sentinuwo (2012) investigated the effect of spontaneous-
braking behavior and lane-changing maneuver in traffic flow.
In other hand Feng et al. (2015) have used cellular automaton
to validate the result. The study seems to be accurate as it
covered the effect of lane-changing behavior with respect to
time and space.

Most of the research (Kesting et al. 2007; Golbabaei et al.,
2014; Li et al., 2015; Hill et al., 2015; He et al. ,2016; Qi et
al., 2017; Zhang et al, 2018; Vechione et al., 2018; Shi, and
Liu, 2019; Das, and Ahmed, 2019; and Li et al., 2020) have
explored the lane-changing characteristics based on driver
behavior. More ever Kesting et al. (2007) have taken the pros
and cons of the drivers linked to a lane change through the
politeness factor. Golbabaei et al. (2014) focused on the
parameters which affects the road users’ aggressive over-
taking maneuvers. Li et al. (2015) considered drivers socio-
demographic characteristics and lane-changing maneuvers
in work zones based on fuzzy logic. Hill et al. (2015) have
analyzed driver categories, lane changing attributes, lane
changing timeframes, and gap acceptance traits. He et al.
(2016) focused on lane changing and merging in work zones
with respect to signs, speed reduction, driver aggressiveness,
entry, and exit from the work zone area. Qi et al. (2017) es-
tablished the correlation between a driver’s heart rate and
their lane-changing behavior in the context of urban traffic
congestion. Zhang et al (2018) analyzed the analysis of lane-
changing behavior concerning three traffic situations: free
flow, medium flow, and heavy flow. Vechione et al. (2018)
analyzed drivers' behavior during mandatory and discretion-
ary lane changes. Shi, and Liu (2019) have collected driving
behavior and driving workload characteristic parameters in
different speed limit configurations. Das, and Ahmed (2019)
has taken the influence of adverse weather environments
on lane-changing behavior. Li et al. (2020) investigated how
traffic congestion influenced driver behavior on roads im-
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mediately following congestion, known as post-congestion
roads. However, most of the researcher have not included the
effect of season and days in the behavior of lane changing
maneuver, except Das, and Ahmed (2019), where they have
taken the influence of adverse weather environments on
lane-changing action He et al. (2016), where they observed
that under heterogeneous traffic conditions the mean du-
ration of lane changes was notably longer in heavy fog as
compared to clear weather.

Jin (2010) and Li, and Sun (2017) have discussed about car
following models with road bottleneck. Jin (2010) studied the
impact of lane-changing maneuvers on the overall traffic flow
with the help of advanced fundamental diagrams and simple
kinematic wave model. The study was a good study, but they
could have included the lane change frequencies in various
road configurations, positions, on-ramp/off-ramp volumes,
and traffic scenarios for better understanding. However, Li,
& Sun (2017) have explored how lane changes impact both
traffic efficiency and safety, speed limit, traffic density and
fuel consumption. The study sounds to be the good one as
it covered all the possible impacts of illegal lane changing
behavior.

Moridpour et al. (2010), Aghabayk et al. (2011), and Chen
et al. (2016) have considered the lane-changing behavior
involving heavy vehicles. Moridpour et al. (2010) observed
that during the lane changing maneuver, there is little change
in speed of heavy vehicles. They have not considered the
driver behavior. Aghabayk et al. (2011) explored the decision-
making and execution of lane-changing maneuvers by drivers
of heavy vehicles on both arterial roads and freeways. The
result presented in the study in not having proper justifica-
tion. Chen et al. (2016) observed that heavy vehicles discour-
age lane changing behavior and large gaps behind the heavy
vehicles contributed to underutilization of road capacity. The
study was a good to be considered as it covered all the pa-
rameters related to the lane changing behavior of the heavy
vehicles and passenger cars. Cooper et al. (2008) and Rahman
et al. (2013) have analyzed the lane changing behavior based
on cell phone conversation. Cooper et al. (2008) explored how
cell phone conversations impact a driver’s lane-changing
behavior. Whereas Rahman et al. (2013) took into account
real-time traffic conditions monitoring based on the driver
distraction, environmental factors, and geometric features of
the roadway. The study found to be more realistic as it con-
sidered all the aspects of the lane-changing behavior within
the context of real-time traffic conditions.

Some of the researchers (Choudhury, 2005); Duret et
al., 2011; Sun, and Elefteriadou, 2012; Zheng et al., 2014;
Marczak et al., 2014; and Chen et al., 2016) have studied the
lane-changing characteristics based on vehicle trajectory.

However, none of them have considered the driver behavior
except Marczak et al. (2014), where the study has consid-
ered the lane changes within weaving areas, their locations,
and the gaps they accept. The result was satisfactory and is
practically applicable to the urban road network system. The
researcher like Ding et al. (2013), Zheng et al. (2014), and Qi
et al. (2017) have taken back propagation neural network
model to analyze the lane changing behavior. Ding et al.
(2013), Zheng et al. (2014) have taken vehicle trajectory data
for the model, whereas Qi et al. (2017) have taken the vehicle
trajectory as well as driver behavior to validate the result ob-
tained from the model, which was a good study considering
the lane changing behavior. Wang et al. (2019) and Mohanty,
and Dey (2020) have adopted some new technology to study
the impact of lane changing behavior. Wang et al. (2019) have
adopted vehicle-to-vehicle (V2V) communication technol-
ogy to know the lane-changing decision and planning with
respect to the real time traffic scenario. The study found to be
a good one as it covers the whole factors influencing the lane
changing behavior. On other hand Mohanty, and Dey (2020)
have analyzed the lane changing behavior of approaching
through vehicles with the help of Markov's process. They have
evaluated the lane changing probabilities of the vehicles
and compared with the lane changing probabilities derived
from real-world field data. The result of the study was very
appreciable and considered to be the best study. The research
work could be used for the better traffic management in the
urban road network.

These investigations have employed diverse methodolo-
gies, ranging from field observations and video data collection
to driving simulators and computational models. Many stud-
ies have highlighted the complex interplay between factors
like driver aggressiveness, traffic conditions, lane-specific
attributes, and the presence of different vehicle types. Re-
searchers have developed mathematical models, cellular au-
tomaton approaches, neural network models, and statistical
analyses to illustrate the essence of lane changing behavior
accurately. The findings of these studies have underscored the
importance of understanding and predicting lane changing
behavior for traffic management, safety enhancements, road
design, and the advancement of intelligent transportation
systems. Moreover, research in this domain has identified
the need for incorporating real-world driver characteristics,
cognitive load, environmental factors, and emerging tech-
nologies like connected and automated vehicles into com-
prehensive models that accurately simulate and predict lane
changing behavior. By shedding light on the intricacies of
this behavior, these studies contribute to creating safer and
more efficient roadways for the benefit of both drivers and
society at large.

Authors
(Year of publication)

Approaches adopted for analysis

Sheu, and Ritchie (2001)
real-time to manage traffic incidents.

Huang (2002)

Kang, and Chang (2004)
Laval, and Daganzo (2005)
Choudhury (2005)
Coifman et al. (2006)
Kesting et al. (2007)
Cooper et al. (2008)

Adelakun, and Cherry (2009)
behavior.

Huizhi et al. (2010)
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A modeling approach based on stochastic methods to estimate lane-changing fractions and queue lengths in

Speed limit effects and stochastic noise analysis using cellular automaton techniques.

Correlations between lane-changing action and traffic flow attributes during both peak and off-peak periods.
Lane changing behaviour during congested traffic.

Lane changing behaviour considering High Occupancy Vehicle (HOV) lane.

Assessing the impact of lane-change maneuvers on traffic delays using vehicle trajectory data.

Risk associated with lane changes based on car following theory.

Influence of cell phone conversations on driver’s lane-changing behavior.

Perceptions of urban congestion and safety challenges among truck drivers with respect to the lane changing

Impact of lane-changing behaviour on traffic capacity.
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Jin (2010)

Sun, and Kondyli (2010)
Moridpour et al. (2010)
Aghabayk et al. (2011)
Duret et al. (2011)

Arai, and Sentinuwo (2012)
Sun, and Elefteriadou (2012)
Hu et al. (2012)

Reimer et al. (2013)
Du et al. (2013)
Rahman et al. (2013)

Ding et al. (2013)

Golbabaei et al. (2014)
Zheng et al. (2014)

Marczak et al. (2014)
Zheng (2014)

Li et al. (2015)

Li et al. (2015)

Park et al. (2015)
Hill et al. (2015)

Feng et al. (2015)

Keyvan-Ekbatani et al. (2016)
Qi et al. (2016)

Pan et al. (2016)

He et al. (2016)
Shuaib (2016)
Chen et al. (2016)
Yun et al. (2017)

Li, and Sun (2017)
Qietal. (2017)
Guo et al. (2018)
Zhang et al (2018)
Ali et al. (2018)

Vechione et al. (2018)
Shi, and Liu (2019)

Das, and Ahmed (2019)
Wang et al. (2019)
Huang et al. (2019)

Li et al. (2020)
Mohanty, and Dey (2020)

Examination of the effects of lane-changing traffic on overall traffic flow utilizing advanced fundamental
diagrams and a simple kinematic wave model.

Lane changing maneuver observation under different levels of congestion.

Study on lane changing action of heavy vehicle and passenger car drivers in congested traffic conditions.
Examined the actions of heavy vehicle drivers when deciding to change lanes on arterial roads.

Lane changing behavior assessment based on vehicle trajectories.

Impact of lane-changing action on congestion caused by spontaneous-braking phenomena.

Analysis of drivers’ behavior under various urban lane-changing scenarios.

Mechanism of non-motorized vehicle illegal lane-changing behavior taking into overtaking motivation and
traffic safety.

Assessed the impact of age and cognitive demand on lane selection and lane changing maneuver.
Study of lane-changing maneuver on highways with various high-occupancy vehicle (HOV) access setups.

Microscopic lane-changing model based on driver distraction, environment and geometric factors of the
roadway.

The efficacy of Back-Propagation (BP) neural networks in predicting lane-changing trajectories using historical
vehicle data.

Analysis of lane-changing maneuvers during aggressive overtaking at varied speed deviations.

Utilized a neural network model to comprehend the intricacies of lane-changing behavior using vehicle
trajectory data.

Empirical examination of lane-changing behavior in a weaving segment.

Lane-changing behavior modeling based on the lane changing decision-making process and the effect of
surrounding vehicles on lane changing behavior.

Adopted fuzzy logic-based lane-changing models considering drivers socio-demographic characteristics and
lane-changing behaviour in work zones.

Studied the influence of driver’s lane-changing aggressiveness on two-lane traffic flow stability using
a generalized lattice hydrodynamic model.

Discretionary lane changes actions based on speed difference and density difference.

Examined the physical aspects of freeway lane changing by analyzing lane changing duration and gap
acceptance attributes.

Studied alterations in global traffic flow patterns during unrestricted lane-changing behavior in typical urban
traffic environments.

Examined the decision-making process of lane-changing maneuvers across various driver profiles.

Studied lane-changing maneuvers utilizing aerial photo data pre and post high occupancy vehicle lane
configuration conversion.

Utilized lane-specific fundamental diagrams to model dynamic lane flow distributions with heterogeneity in
a mesoscopic multi-lane model.

Focused on frequently lane changing and merging in work zones.
Incorporated decision-making capability of pedestrians influencing the lane changing behavior.
Shared empirical insights into car-following and lane-changing behaviors, focusing on heavy vehicles.

Examined lane-changing characteristics considering parameters such as lane-changing merging gap, lane-
changing position, lane change delay, lane-changing steering angle, lane-changing deceleration, and safe
lane-changing distance.

Explored the impact of lane-changing on traffic effectiveness, safety, and fuel usage.

Correlation between driver’s heart rate and lane-changing behavior during traffic jam.

Explored lane-changing behavior in aggressive driving scenarios.

Studied lane-changing behavior across free flow, medium flow, and heavy flow traffic conditions.

Analyze various driving performance indicators during mandatory lane-changing behavior through a driving
simulator.

Studied driver behavior in mandatory and discretionary lane changes.

Examined driver lane changing behavior in relation to different speed limits and corresponding driving
workload levels.

Impact of adverse weather environments on lane-changing behavior under heterogeneous traffic condition.
Lane changing models based on vehicle-to-vehicle communication and lane-changing decision.

Explored the relationship between lane-changing spacing intervals at off-ramp facilities and traffic flow
situations.

Investigated the effect of traffic jam on driver behavior on post-congestion roads.

Utilized markov's process to analyze lane changing behavior of approaching through vehicles at u-turns amid
mixed traffic conditions.

TABLE 1 Summary of studies on lane changing behavior
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5. CONCLUSIONS

The study of lane changing behavior is a multidimensional
endeavor that encompasses a multitude of factors influenc-
ing driver decisions and interactions within traffic flow.
Through a wide array of research methodologies, ranging
from empirical data collection to advanced modeling tech-
niques, researchers have gained valuable insights into the
complexities of lane changing behavior. Lane changing
behavior has emerged as a pressing concern within urban
road networks, particularly in developing nations like India,
where the complexities of mixed traffic conditions amplify
the issue. The impacts of lane changing dynamics have far-
reaching consequences, negatively impacting both the safety
of neighboring vehicles and the overall traffic flow. The in-
tricate nature of these challenges underscores the need for
researchers to address them comprehensively and consider
recent advancements.

Finding effective solutions to mitigate the adverse effects
of lane changing is of utmost importance for the betterment
of society and the environment. The urgency to develop in-
novative approaches arises from the need to improve road
safety and streamline traffic management in urban settings.
Asresearchers work to navigate these intricate dynamics, it is
imperative to focus on current developments that can provide
sustainable solutions to these pressing challenges.

The review delves into the multifaceted aspects of lane
changing behavior, encompassing its causes, impacts, pre-
diction techniques, and overarching implications for traffic
safety. Despite the considerable body of research dedicated
to studying lane changing behavior, numerous countries
continue to grapple with unresolved challenges in this do-
main. Researchers from various corners of the world have
endeavored to contextualize lane changing behavior within
the urban road networks of their respective regions, taking
into account diverse parameters that align with unique traffic
characteristics. A prevailing theme among these studies is
the common utilization of driver behavior and vehicle tra-
jectory analysis as fundamental methods for investigating
lane changing behavior. Researchers have probed into cru-
cial factors such as target lane preferences, gap availability,
politeness factors, the effect of cell phone conversations,
impact of spontaneous braking, impacts of age and cogni-
tive demands on lane choice, as well as environmental and
geometric factors like pavement conditions, lighting, and
roadway curvature. Furthermore, aggressive overtaking ma-
neuvers, drivers’ socio-demographic characteristics, educa-
tional background, age, and gender have been scrutinized
as contributors to lane changing behavior.The analysis of
lane changing behavior has revealed that it is influenced
by numerous factors, encompassing driver characteristics,
vehicle attributes, road conditions, and traffic density. Driver
behavior and vehicle trajectory data have been particularly
instrumental in understanding the patterns and motivations
behind lane changes. The introduction of innovative models,
such as Back-Propagation neural networks, Cellular Automa-
tion models, and fuzzy logic-based approaches, has allowed
for a more nuanced understanding of how drivers navigate
lane changes in diverse scenarios. Additionally, studies have
delved into the impacts of specific conditions on lane chang-
ing behavior, such as adverse weather conditions, congestion,
and connected vehicle technologies. This has provided valu-
able insights into how external factors can influence driver
decisions and the overall flow of traffic.

Overall, the comprehensive investigation of lane chang-
ing behavior contributes not only to our understanding of
individual driver choices but also to the broader realm of
traffic management, road safety, and infrastructure design.
Asroad networks continue to evolve, the findings from these
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studies will be crucial in developing effective strategies for
optimizing traffic flow, reducing congestion, enhancing
safety, and shaping the future of transportation systems.
Further research in this field is essential to continually re-
fine our understanding and improve our ability to predict
and manage lane changing behavior in various urban sce-
narios. Notably, a significant portion of research has not
yet incorporated weather-related factors incorporating the
examination of lane changing behavior, with only a few
exceptions. While road user and vehicular characteristics
have often been harnessed to understand the impacts of lane
changing behavior, and in some cases, location and space
availability have been explored, the influence of pavement
characteristics remains largely unexplored. Lane changing
behavior is intricately intertwined with the broader realm
of traffic safety, encompassing the well-being of drivers, ve-
hicles, pedestrians, and effective traffic management. This
dynamic nexus prompts the emergence of numerous avenues
for future exploration in this field of research. While prior
studies predominantly centered around driver behavior and
vehicle trajectory analysis, these approaches are now facing
limitations due to their age and diminishing relevancy. In re-
sponse, innovative methodologies such as back propagation
neural network models, Cellular Automation models, fuzzy
logic-based lane-changing models, Kalman filter techniques,
car-following models integrated with road bottleneck con-
siderations, vehicle-to-vehicle (V2V) communication para-
digms, VISSIM based micro simulations, queuing analyses,
diverse clustering techniques, and the insightful applica-
tion of Markov's process offer promising alternatives. These
progressive methodologies promise heightened accuracy,
enhanced usability, and contemporary relevance. It is para-
mount that lane changing behavior remains aligned with
established traffic rules and regulations while prioritizing
traffic safety. Safeguarding the well-being of all road users
and ensuring seamless traffic management converge as criti-
cal considerations in shaping and optimizing lane changing
behaviors. As the study of lane changing behavior advances,
it stands poised to play an instrumental role in cultivating
safer and more efficient road networks. The present review
consolidates a substantial body of significant scientific stud-
ies delving into the lane-changing behaviors exhibited by
various vehicles. However, several articles were inaccessible,
preventing their review and assessment of their relevance
to the current context. Additionally, some articles presented
only abstracts that piqued interest, but the complete articles
were not accessible. Notably, in the studies conducted by
various authors, it was observed that the majority of lane-
changing investigations have been carried out exclusively
in developed countries with established lane discipline. Few
articles explore lane-changing patterns in developing coun-
tries, and there is a scarcity of studies focused on underde-
veloped countries, where the actual challenges related to
lane-changing patterns, safety, and congestion are prevalent.
Lastly, the lane-changing behaviors of two-wheelers and cars
are frequently examined, while the lane-changing dynamics
of three-wheelers (prevalent in developing countries) and
heavy vehicles (though infrequently observed, capable of
causing significant traffic issues) receive limited attention
in the literature. The review underscores the global scope
oflane changing behavior research, emphasizing the preva-
lent focus on driver behavior and vehicle trajectory analysis.
Despite the breadth of investigations, challenges persist in
addressing lane changing behavior issues comprehensively,
with potential opportunities for future studies to encompass
weather-related effects and explore the less explored area of
pavement characteristics’ impact on lane changing dynam-
ics. The future research should involve investigating the
effectiveness of Intelligent Transportation Systems (ITS) in
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optimizing traffic flow and reducing congestion, employing
advanced lane-changing algorithms. Future studies should
also include experiments or simulations to understand how
different personality types and psychological states impact
lane-changing behavior. Machine learning algorithms should
be explored for enhancing simulation models to predict
lane-changing patterns. The interaction between drivers in
the context of lane changing, risk assessment models for
collisions, and the impact of environmental factors can be
considered for future studies. Additionally, more research
should delve into the adaptation of lane-changing decisions
in adverse weather conditions, cultural influences on lane
changing behavior, societal norms and regulations, and the
interaction between human drivers and autonomous vehicles
during lane changes.
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