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A systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA), to generate a document that supports the development of future research, compiling the various studies
focused on the analysis of the pedestrian-vehicle interaction at unsignalized crosswalks. Firstly, 381 studies were
identified by applying the search protocol in the database sources; however, only nine studies were included in this review
because most of the studies are not focused on this type of crosswalks or have not considered the micro-simulation
perspective. For each study, an analysis of the used methodology for data collection was carried out, in addition to what
type of model it was applied, including the variables that represent the PVI (Pedestrian-Vehicle Interaction). The outcomes
obtained by this systematic review show that although the video camera observation technique is the most used, it is
possible to complement them with other tools to add specific field information. Additionally, variables such as the adjacent
yields, speed variables vehicles, pedestrian attitude, and the number of pedestrians waiting at the crossing were those
most used in the cellular automata model or micro-simulation, which are the commonly developed models to simulate this
interaction.
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| Rationale

According to the global status report on road safety for the year 2018 conducted by the World Health Organization
(WHO), the problem of traffic fatalities is getting worse as they increased to 1.35 million in 2016. In other words, almost
3700 people die every day on the roads of the world []. Likewise, the same report highlighted that it is the eighth cause
of death overcoming diseases such as HIV/AIDS, tuberculosis, and diarrheal diseases. Vulnerable road users such as the
pedestrian, cyclist, and motorcyclist represent 54% of the deaths in 2016 (specifically the pedestrian represents 23%).
The vulnerability presented by these users is due to the disadvantages they present in terms of protection, speed, and
weight, with respect to the vehicle. This vulnerability of the human body should be a determining factor in the design of
transit systems and the control of speed [[]. People who died, are injured, or end up disabled because of a collision,
whether as a vulnerable road user or not, have a global social cost. According to Peden et al. [E]], the economic cost of
crashes and injuries caused by traffic amounts is estimated to be 1% of the gross national product (GNP) in low-income
countries, 1.5% in revenues medium, and 2% in high income.

The moment in which the desired movements of a pedestrian and a vehicle intercept (conflict), the so-called pedestrian-
vehicle interaction (PVI) occurs, which is dynamic as it happens to depend on various factors and situations [(4l]. This
interaction originates in pedestrian crossings with and without light signals, as in the case of intersections and mid-block
crossings. Pedestrian crossings outside these crossings (also known as jaywalking) also generate this type of interaction.
The type of interaction may vary depending on the geometry of the road where it occurs, legal restrictions, and the criteria
of the driver and pedestrian [[&]. It is important to mention that the interaction between the pedestrian and the vehicle is
dominated by a non-verbal language. It can cause situations in which the pedestrian makes a decision considering the
driver’s approval, but the latter makes an unexpected decision, bringing as a consequence a conflict or even an accident.
According to Fu et al. []], the disposition of the driver to yield and the assertiveness of the pedestrian are one of the many
factors that can influence this interaction.

At pedestrian crossings that are not controlled by light signals (unsignalized crosswalk) the priority of the pedestrian is not
clear, even with legislation supporting pedestrian priority, and this results in higher levels of accident and death of
pedestrians compared to those controlled by pedestrian traffic lights [[EIIZEI&IL0]  Not yield to pedestrians and high speeds
at the time of interaction in this type of crossings are part of the elements that influence this consequence. The



compliance rate of drivers at zebra crossings is likely to vary across locations [LL]. It is relevant to mention that the PVI
not only impacts the pedestrian safety but also induces traffic congestion of vehicles and decreases the capacity of the
roads, as demonstrated by Golakiya et al. [12]], showing that for volumes higher than 1550 pph, the capacity was reduced
to 32% in an urban arterial.

In this context, PVl has been generating interest among researchers, government and local entities, and other
organizations, whose purpose is to analyze, determine, and develop policies and safety measures that help combat and
mitigate the accidents, inside and outside of the pedestrian crossings. However, Feliciani et al. [[13]] state that such
research has been limited by a variety of factors, such as difficulty in obtaining empirical data through observations in the
field, safety, and ethical concerns related to experiments with individuals in the real-world and the limited scope of the
developed simulation models. In addition, it is worth noting that the investigation has had as one of the most relevant
premises that yielding to a pedestrian is a critical component of the accessibility and safety of pedestrians. Therefore, a
better understanding of the behavior of the driver at the moment of yielding to a pedestrian can be of great value for
conducting a more optimal PVI analysis [[14]. In fact, the PVI is separated into two main processes, the pedestrian walking
behavior and the driver yielding behavior. The behavior of the pedestrian has been analyzed mainly based on the
probability that a pedestrian has to accept a time gap [L2[28I17l], On the other hand, driver behavior has been analyzed
focusing on the identification of the factors that have a greater influence in yielding to pedestrians. Indeed, the action of
yielding to a pedestrian is influenced by various factors, such as dynamics of the vehicle, characteristics of the driver,
traffic volume, attributes of pedestrians, and concurrent events in the pedestrian crossing [X4EZI8ILN The analysis of
the driver yielding behavior assumes more relevance to ensure road safety since the driver tends to assume the risk
because he/she feels protected inside the vehicle in contrast to the pedestrian who will accept time gaps that not
compromise her/his physical integrity at least in normal conditions (i.e., visibility, weather, cognitive functions, etc.).

Besides these two behavior perspectives, PVI has been analyzed separately by type of road crossing. Crossings
controlled by light signals are characterized by establishing clearly the priorities, thus allowing to have a PVI in a more
controlled environment. Manxia Liu et al. [2%] developed a microscopic model at signalized intersections taking into
account three important aspects of pedestrian behavior when crossing, such as the evasion behavior with counter-flow
pedestrians, the following behavior with leader pedestrians, and the collision avoidance behavior with vehicles. Wonho
Suh et al. [(19]] replicated the pedestrian behavior in a crosswalk using the Vissim software to analyze the waiting time of
pedestrians and their behavior regarding compliance with the red sign. Another type of pedestrian crossing is the so-
called jaywalker representing a pedestrian cross on a road without using the zebra. In these cases, the PVI has also been
focused on studies such as Wang et al. [2]], who proposed a micro-simulation model of pedestrian jaywalking in the mid-
block street crossing. This model was calibrated and validated using the data collected in the field, concluding by the
result that this kind of tool can be used to supplement current guidelines for pedestrian-related problems. Finally, the
pedestrian crossing through the zebra is associated with a high number of accidents, based on the statistical data of
accidents and deaths of pedestrians at junctions without signaling, in addition to the fact that in this type of crossing
pedestrians are more likely to be exposed to the risk of being run over by vehicles due to lack of control of the signal and
the unclear right of way [#]]. The need to have a clearer knowledge of the attempts of analysis and modeling of the
interaction that occurs when a pedestrian is interested in crossing the zebra and the approaching vehicle has been
highlighted.

It should be noted that PVI may assume distinct characteristics depending on the context (type of road, type of crosswalk,
weather, and so on) but also on each agent, i.e., pedestrian and driver (age, gender, distraction, etc.) Therefore, the
research focused on this subject has been mainly based on a microscopic level approach. In particular, micro-simulation
has been applied and developed, considering that each unit (or agent) is represented by a record that contains a unique
identifier and a set of associated attributes. A set of rules is applied to these units that leads to simulated changes in state
and behavior.

Due to the relevance of this kind of study, some authors already conducted literature reviews in this field. Papadimitriou et
al. [22] in 2009 conducted a critical review and evaluation of the existing research on the behavior of pedestrians in urban
areas focusing on two separate aspects, the choice of route and the behavior when crossing. Based on this review, the
authors found the lack of a general and detailed consideration of pedestrian behavior along an entire trip in urban areas.
Considering the literature review performed by Papadimitriou et al., it is possible to observe three studies that carried out
a model of the crossing behavior of pedestrians taking into account the interaction with the vehicle. Although the review
mentions the place where these interactions were observed in the studies, the characteristics of each of the models and
the variables that were used for the analysis of the PVI by the authors were not described.



In addition, Mamidipalli et al. [2€] in 2015 performed a review of the analysis methods and approach for data collection
and performance estimation for pedestrian crossing modeling and pedestrian-vehicle interaction. The authors concluded
that there had been a broad interest in describing driver attitudes and pedestrian crossing behaviors. To obtain the data in
these investigations, three different data collection techniques have been adopted, namely observational, instrumented
vehicle, and driving/pedestrian simulator approaches. Regarding the PVI models, the authors mention several studies that
have analyzed the pedestrian addressing its approach to the crosswalk, the crossing behavior, and the choice of the
route.

Those previous reviews provided an overview of some models and methods that have been used to model the PVI until
2015. Nevertheless, gaps can be pointed out regarding some issues that were not clearly identified, such as the type of
PVI, the used data collection methodology, the type of site where the study was conducted, the type of model used, and
the variables or influential parameters in the PVI.

Overall, there is a lack of scientific material that allows having a specific and detailed feedback of the different studies that
have tried to model and analyse the PVI that occurs specifically at unsignalized crossings. In this context, the present
work intends to cover this gap using a thorough methodology to conduct a systematic review to provide a compilation of
the studies that have analyzed the PVI, allowing a comparison between the data collection methodologies, the applied
models, the used variables and influential parameters. The outcomes of this review can provide a line of route for future
analysis of the PVI in microscopic environments, which is a relevant tool to support policy decisions that may improve
safety for pedestrians in this type of crossings.

| Objetive

Taking into account the number of accidents occurring at unsignalized pedestrian crossings and the lack of attention paid
to PVI generated in those crossings, the objective of this study was to carry out a systematic review to identify and
examine the studies that have attempted to propose a simulation model in a microscopic environment for the analysis of
PVI. In this sense, this document compiles the investigations carried out in the last years, describing the different
approaches used for the analysis of the PVI, to be used as a source of base information, guiding the development of
future research for the optimization and standardization of the analysis and modeling of the PVI at unsignalized crossings.
Additionally, studies that have analyzed the factors that influence the behavior of the pedestrian and driver and their
interaction were selected. The latter was assumed because the decision-making processes of the driver to yield to the
pedestrian and/or the pedestrian to cross or not cross are issues relevant to the simulation model.
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