
i

FOREWORD

This thesis was written for my Master degree in Transportation Sciences with specialization in
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“Academic work needs to follow rules of good practice, but we should not confuse rigor with
tediousness or objectivity with lack of personality. Academics are still ‘human after all’ – to quote
Daft Punk. And beyond the barren scientific facts that academics produce, they have a life, an
upbringing, a cultural context they inhabit, with opinions and passions (Hassenzahl, 2010).”
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Summary
Observation of road user behaviour has been reported since the 1930, but especially during
recent years the number of (peer-reviewed) studies and reports is increasing rapidly. Several
methodologies have been developed to study road user behaviour, of which behavioural
observation studies aim at collecting naturalistic behavioural data. However, an overview of the
current extent, range and nature of this type of research is lacking. Therefore, a scoping review
was performed in order to identify how road user behavioural observation studies have been
conducted, which topics have been covered and which research gaps still exist in literature,
focusing on the evaluation of safety through measurements of behaviour. The aim of this report
is to a) provide an overview of conducted road user behaviour observation studies, b) assess
their usefulness, c) prevent duplicate research efforts, d) identify which indicators have been
applied and e) indicate which areas of road user behaviour research needs further examination.

The review team, consisting of two members, carefully created and tested a search protocol to
systematically retrieve relevant literature from three major online databases (ScienceDirect, Web
of Science and TRID). The search term “Traffic Behavio*r” AND “Safety OR Observation” was
utilized and yielded more than 21.000 results. After the removal of duplicates and several
screening rounds, 583 papers remained. Studies were excluded if they were published in any
other language than English, if it only contained stated behaviour (e.g., questionnaires and focus
groups) and if the data was collected with the participants’ awareness of being part of an
experiment (e.g., naturalistic driving and driving simulator research). Based on subsamples of
the included papers, a codebook was designed in order to extract relevant information. The
publication years ranged from 1939 till 2015 and the majority of the studies were conducted in
the USA (38%), Canada (8%) and China (8%). It wat found that 36% of all included studies
contained at least one vulnerable road user type (VRU-studies), while at least one other road
user type was present in 82% of all studies (driver-studies). For both study categories, the main
goal of behavioural observation is to simply observe what happens (> 50%), followed by the
evaluation of safety improving treatments (around 30%) and the development of microsimulation
models or automated video-analysis software. In total, 26 research topics were identified, of
which VRU-studies mainly focused on crossing behaviour, yielding and red-light running, while
for driver-studies the area of speeding is most often examined. Furthermore, the review identified
47 indicators used for behavioural observation analyses, of which red light running and yielding
are most often used in VRU-studies and speed and headways in driver-studies.

Based on the findings of this review, it was concluded that road user behavioural observation
studies are a useful tool to investigate underlying processes of (vulnerable) road users’ safety.
The main strength of such studies is that naturalistic data is gathered without road users being
aware that they are being observed for research purposes. It enables the observation and
identification of behavioural and situational processes that contribute to crash occurrence.
However, such studies are limited to what happens, since researchers cannot manipulate or
control the driving environment. Because the use of video cameras to capture behavioural
observations has become the major data collection technique in recent years, the current efforts
to improve and further develop automated video-analysis software tools might prove to be a
valuable asset in behavioural observation studies and traffic safety evaluation in general.
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CHAPTER 1: Introduction
1.1.Scope:

Human race since the beginning has recognized the importance of travelling and transport, in the
beginning the humans mostly travelled on foot mainly due to adverse weather conditions or in
search of food. Nowadays in this modern era an average person travels a lot as it is now not only
to get basic necessities of life but also to satisfy the leisure desires. So over the time there has
been modernization in the modes of transport where the needs and desires of people travelling
has also revolutionized. These factors have all contributed towards an increase in ownership of
vehicles in the last century. This rapid increase in transportation has proved to be a major
challenge to the mankind. This increased number of vehicles and people travelling on roads has
effected not only the environment but also negatively affect the mankind as increased used of
modern transport means has increased crash fatalities and injuries. It has been documented that
it might not be possible to eliminate all risks associated with modern transport but there is a
possibility to reduce the risk of fatal crashes or severe injuries. Road traffic accidents are now a
global health crisis, currently the 9th biggest cause of deaths in the world and is predicted to be
the 5th highest in 2030. RTAs result in one million fatalities which averages more than 2500 people
losing their lives per day.

The Haddon Matrix has been commonly used in road safety injury prevention field, developed by
William Haddon, the matrix describes the human, vehicle and environmental factors associated
with a fatal crash or severe injury. Treat et al., 1977 describes the contribution of these three
factors towards a crash from a crash data, it shows that human factor(error) can result in 95.4%
of the road traffic accidents. this error or lack of judgement can result in fatal crashes and injuries,
so understanding human behavior while travelling can help reduce the risk of crashes and severity
of injuries. This has been discussed by Reason et al., as well where he describes that for an
accident to occur, all these safety compromising factors need to happen at the same time for a
road accident to occur.

Behavioural observation studies using naturalistic data was one of the first methods used in traffic
safety research. There has been a lot of studies conducted on behavior observation of road users.
Nearly a century ago, Dodge (1923) argued that studying human factors (behaviour) of road users
is important to improve traffic safety. The oldest behavioural observation study found dates back
to 1934 (Greenshields et al., 1934), in which the method of taking pictures was presented as a
new form of data collection for analysing road user behaviour. During the recent years there have
been a lot of research conducted on road user behaviours and it continues to grow over the years.
Since then, the use of behavioural observation studies has become common practice for various
research aims, including testing the effectiveness of a certain countermeasure or to develop
models for microsimulation software. There have been several methods of collecting behaviour
of road users which have been discussed in Chapter 3 of this report but Naturalistic behaviour
observation has the most validity. This report will focus on the research conducted of road users
in a naturalistic setting, where behavioural data was collected. This report is an effort to
systematically review the available knowledge on naturalistic behaviour of road users.

A scoping review has been performed in order to identify how road user behaviour observation
studies are conducted, the topics which have been covered widely and which research gaps still
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exist in the literature, focusing on the evaluation of safety through measurements of behaviour.
The aim of this effort is to find the nature and range of the available knowledge of behaviour
observation of road users while using a systematic approach which can make the whole review
process explicit and repeatable in the future and hence increasing the validity of the review
process as compared to traditional knowledge synthesis methodologies (narrative review).

1.2.Problem Statement:

Behavioral observation studies of road users have been conducted widely in traffic safety
research, a scoping review of this area of research in road traffic safety is not available which can
help identify how road user behavioral observation studies have been conducted over the years,
which topics have been covered widely and which research gaps still exist in the literature
focusing on the safety evaluation through measuring behavior of road users.

The study should aim to aggregate all the information available on behavioral observational
studies of road users, the process should be transparent which allows the readers to assess the
comprehensiveness and completeness of the whole process and the process can be replicated
in the future. The scoping review would be beneficial for the researchers, funders and policy
makers of road safety as this can help reduce duplication of effort in research and research gaps
still existing in the available knowledge. The strength and weaknesses of the current practices
are still unclear.  This scoping review will summarize and map all the present literature available
of Naturalistic behavior observation where the road users are not aware of being observed
(unobtrusive) hence reducing the impact of behavioral adaptation when aware of being observed.

1.3.Research Questions:
The section describes the aim of this research effort. Below are some of the research questions
that the report will aim to answer.

a) provide an overview of conducted road user behaviour observation studies

b) assess their usefulness

c) prevent duplicate research efforts

d) identify which indicators have been applied

e) indicate which areas of road user behaviour research needs further examination.

f) Strength and weaknesses of current practices.

1.4 Overview of the Report:
The layout of the report is kept simple and straight-forward. The chapter 1 introduces the topic
and classifies the aims and objectives of the research. The Chapter 2 discusses the background
literature study related to different knowledge synthesis methodologies and is followed by
background study of Behavioral observation of road users in Chapter 3. Chapter 4 describes the
key terms and scope of the study. In chapter 5 the methodology of the review is described followed
by the codebook (created for extracting data from included studies) and its items in Chapter 6.
Chapter 7 covers the analysis and discussion of different parts of the included behavioral
observation studies. At the End Chapter 8 and 9 conclude the report with some discussion and
conclusions.
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2.CHAPTER 2 Background Study: Reviews
The background study of the master thesis topic carried out can be broadly classified in two parts,
background study on knowledge-synthesis methodologies and behavioural observation studies
in transportation domain. Different types of reviews that are used by researchers are discussed
in this chapter, explaining the scoping review and the process of carrying out a scoping review
and followed by the background study on behavior observation research carried out on road users
in chapter 3.

2.1. Reviews
Today in the information age, where the number of published studies has increased dramatically
in the last decades synthesizing the information has an increasing importance. Review of the
literature helps in summarizing the present literature regarding a specific problem. Traditionally
reviews have been written in a narrative way with a broad overview of the relevant information. In
some cases, a reader might want to gain more knowledge about the topic and want to be assured
that the evidence provided by the author in the narrative review is unbiased and comprehensive.
An implicit process is used in Narrative reviews for providing evidence regarding the statements
being made (Garg et al, 2008) where the reader cannot tell if the evidence provided was based
on author’s experience and/or how much literature was searched for evidence and why some
studies were given more importance than others. The studies selected in a narrative review can
mostly be those which reinforce the idea of the author or views on a topic. To deal with this,
Scoping reviews are used to compile the information in a more systematic way with an explicit
process.

2.1.1. Current Knowledge-Synthesis Methodologies
Currently there are five knowledge-synthesis methodologies available that are used by
researchers worldwide to synthesize the literature available on a particular domain. Traditionally
it can be a narrative review as discussed above, or it can be evidence mapping, scoping review,
systematic review and meta analysis with progressive methodological techniques used
respectively. Other than Narrative reviews, all other review methods have a systematic search for
evidence while most of these reviews focus on the Qualitative analysis of the literature, meta
analysis includes quantitative analysis of the included literature as well. In the next section,
Scoping reviews are explained, the differences with a traditional narrative review are described
and how a scoping review is carried out.

2.1.2. Scoping Review

Scoping review is a relatively new knowledge-synthesis methodology and many authors who
have conducted a scoping review have found it necessary to describe what is meant by a scoping
review. (Pham et al. 2014). According to Mays,Roberts and Popay 2001, Scoping reviews have
the aim to map the key concepts in a research area, the main sources of research and the type
of evidence/indicator that are being used currently in a research area. They can be undertaken
as stand-alone projects when the area is complex or where the area of research has noot been
reviewed earlier. So scoping reviews are a form of knowledge synthesis where an exploratory
research question is aimed at mapping concepts, evidence types and gaps in a research body
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related to any predefined area or field and the whole search process is systematic with predefined
inclusion and exclusion criteria for summarizing existing knowledge. (Colquhoun et al. 2014).

The aim of a scoping review of literature is to summarize, identify and evaluate all the
concepts/trends of all available knowledge regarding a certain topic. The findings are collected
in a systematic approach and offers academics and practitioners a clear overview of the efforts
performed so far. Scoping reviews are based on a pre specified design, which is carefully created
and discussed in detail, so it is easily reproducible by other researchers. these literature reviews
can help in finding out what is known about a particular topic, and where the information is
lacking. The information sources are increasing drastically in the last 2,3 decades. Even in a
single area of focus, the numbers of studies are well over thousands before the inclusion or
exclusion phase of the review has started. But with a scoping review a clear picture of the
research evidence can emerge.Scoping reviews have been used alot in the medical field to find
evidence regarding health interventions.They are now not only limited to the medical field and
are becoming common in all sciences where data is collected. In the next section , the difference
between a traditional narrative review and a scoping review are discussed.

2.1.3. Difference between Scoping Review and Narrative Review

The main difference between a narrative review and systematic review is the transparency of the
whole process. A review of the literature helps in summarising findings to identify relevant
research opportunities. Most studies use narrative reviews, which use implicit processes to
provide evidence (Garg et al., 2008). However, the reader cannot determine if this evidence is
based on the author’s experience, how much literature was searched for and if certain studies
were ignored due to contradicting findings, Studies described in a narrative review are mostly
those that reinforce the ideas and research objectives of the study being conducted where an
implicit process is used to provide evidence regarding the statements being made (Garg et al.,
2008). In order to avoid subjectivity in the process of summarizing literature that is available on a
certain topic, other reviewing techniques have been developed such as Scoping reviews, for
example, use a systematic approach for retrieving relevant articles. The aim is to map the key
concepts in a research area, the type of evidence available and the sources from where studies
can be retrieved. Scoping reviews are widely undertaken as independent projects when a
research area is complex and there has not been a review of the research area available earlier.
(Mays, Roberts, & Popay, 2001; Wilson, Lavis, & Guta, 2012). Guiding future research and
reducing duplicate efforts are important objectives of a scoping review (Armstrong et al., 2011;
Wee & Banister, 2016). An additional advantage is that such reviews can be used for many
applications, even outside the authors’ intended purposes (Armstrong et al., 2011). The quality of
a scoping review is determined by its clear definition of terms, the systematic retrieval of relevant
literature, the transparency and replicability of the data extraction process and the
acknowledgement of posed limitations. Some of the differences between these review types are
mentioned in Table 1
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Table 1 Differences between Narrative & Scoping Review

Features Narrative Reviews Scoping Review
Research Question Broad Often Broad

Source Usually not specified and
can be biased Comprehensive search and explicit process

Selection Usually not specified and
can be biased Criteria based, applied uniformly

Evidence Few articles thousands of records searched from
databases

Research Qualitative Synthesis more qualitative and typically not
quantitative

Objective
Provide evidence on
statements being made in
the study

Used to identify parameters and gaps in a
body of literature

Duration of Search
Process Weeks to months Months to years

2.1.4.Why Use Scoping Reviews

A scoping review is carried out to map key concepts, the type of evidence available , gaps in a
research carried on a defined area/field using a systematic process of searching, selecting and
summarising available knowledge. It uses a broad question of investigating what has been done
in an area of research. the range and nature of the existing knowledge is mapped out in relation
to concepts, location (country), sources of information and origin. It can be carried out to identify
gaps in research or general gaps in a field of research, make recommendations for future
research and avoid duplication of effort. Scoping reviews can also be carried out to determine if
a detailed systematic review can be carried out in a particular research domain.

2.1.5.Carrying out a Scoping review
This section describes the guidelines for carrying out a scoping review which is objective,
repeatable and evidence based scoping study (Higgins and Green, 2009). Below are the
important steps which are required for carrying out a scoping review.

a. Defining and refining search terms
b. Identify appropriate databases and search engines
c. Defining and applying in/exclusion criteria filters.
d. Managing the data and logging the details for an objective and repeatable evidence based

scoping study.
The next few paragraphs discuss the above mentioned steps of carrying out the scoping review
describing the importance of defining research terms and strategy and documentation of the
scoping review process for its validity and replicability.
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2.1.5.1. Search Terms and Search Strategy

The first step is defining and refining search terms which is basically what are we going to look
for when gathering the relevant available literature. The search terms should be defined and
refined if needed to have as much relevant studies as possible from the search terms. It depends
on the domain and subject the review is going to focus on. The process can be an iterative to
have refined search terms for the most relevant results and minimize the risk of missing relevant
articles. The search strategy should include the details of the approach to searching.

The search strategy must be comprehensively reported and the detailed search strategy for a
minimum of three bibliographic citation databases that have been searched should be in the
appendix of the review (Joanna Briggs Institute methodology guidance for scoping reviews). The
appropriate databases or types of sources should be identified before starting the review process
and it must include the most relevant databases. The individual search strategy for each database
should be presented in the scoping review in an appendix. (Joanna Briggs Institute methodology
guidance for scoping reviews)

2.1.5.2. Inclusion/Exclusion Criteria and Documentation of the review

Inclusion and Exclusion criteria specifies on what basis the studies were considered for inclusion
in the scoping review. Effort should be made to make this criterion as unambiguous as possible.
The inclusion and exclusion criteria should be documented and it should be in line with the
objectives of the scoping review. Managing the details and logging of the details of the whole
review helps in a repeatable evidence based review. This documentation of the whole search
process is very important for the validity of the review process. The duration of the review should
also be documented and if there are any limitations it must be declared, for example “only studies
published in English language were considered for inclusion” or “only peer reviewed articles were
considered for inclusion”. Details about the results, including number of studies gathered and
included should also be documented for the scientific validity of the scoping review.

Using these steps can help find and manage required literature, the specification of the scope of
the research is critical, so the included studies can be analyzed feasibly. A good scoping
statement can help ensure that the irrelevant material is excluded from the research as there is a
time and staffing required for carrying out a review which can be managed using a good scoping
statement. The inclusion & exclusion criteria must be formulated before carrying out the review
and each step carried out in the review should be logged to ensure the process can be repeated.

2.1.6.Flow of Information
The flow of information/evidence in a scoping review is carried out in four phases described
breifly here.

1. Identification
In the identification phase, all the relevant databases are searched to identify the number of

sources relevant to the topic.
2. Screening

The second phase is screening the information by excluding the duplicates found in the database
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or other studies which are excluded from the review like conference proceedings etc.
3. Eligibility

In Eligibility phase, full text articles are accessed to check if they are eligible for the specific
research question.

4. Included
The last phase is to mention the included studies for the Scoping review.

2.1.7.Extraction of Data

Once the studies are screened and included in the review according to the inclusion &
exclusion criteria, the relevant data is extracted according to the research questions and
scope of the review. A form or draft table should be developed to record the information from
each study according to the review questions. This form can be refined during the screening
process and updated. According to Joanna Briggs Institute methodology guidance for scoping
reviews, some of the infromation that the reviewers might chart here are
a. Authors and Reference of the study
b. Publication year
c. Country where the study was conducted or published
d. Study population
e. Study goal
f. Other details according to the question (scoping review)
As reviewers are extracting the relevant information from the studies , it might be possible to
include other useful data. So the process of extracting the data can be iterative where the
form or draft table is updated continusouly.

2.1.8.Presenting the results

During the early stages of the review, the reviewers should have a plan for the presentation of the
findings, as the review process is in the last stages, the reviewers would have a better
understanding about the contents of the included studies. As mostly the objective of the review is
to map the results, the table and charts may be used to describe the distribution of studies by
publication year, countries, research goals, topic and other questions according to the research
objectives. With the tables and charts a narrative description of the results should also be included
for each research topic/concept. For each result a clear explanation should be provided.



8



9

3.CHAPTER 3 Background Study: Behavioural
Observation of Road Users

This chapter focuses on traffic safety and different behavioural observation methods which are
used as proxies of traffic safety. The Naturalistic behaviour observation of road users are
described towards the end of the chapter and its advantage over other methods of behaviour
observation.

3.1.Traffic Safety
The term ‘traffic safety’, or ‘road safety’, is well known by specialists and the general public, but a
clear definition has never been formulated (Evans, 2004, p7; Elvik et al., 2009, p3). In its most
basic form, safety means the absence of unintended harm to living creatures or inanimate objects.
However, most studies and reports focusing on road safety consider only fatal and (severe) injury
crashes when discussing traffic safety levels (e.g. WHO, 2009; EU, 2015), thereby ignoring
crashes in which only minor or no injuries at all occur. These studies use crash data retrieved
from police and hospital departments, even though problems regarding this form of data collection
have been acknowledged. The most important limitation of crash data regards underreporting or
incorrect reporting. A meta-analysis of 49 studies conducted in 13 countries found that generally
cyclist are highly under reported while under reporting of car occupants was very low, when
hospital data and police reports were compared (Elvik and Mysen 1999). However, the precise
underreporting rates remains unclear, since it is very likely that accidents without physical or
property damage are not reported to either source. Other issues regarding accident data have
been reported before (e.g. de Leur & Sayed, 2003; Laureshyn, 2010; Svensson & Hydén, 2006),
including the rare occurrence of crashes and underreporting problems. Furthermore, accident
data only provides information on the outcome of an unsafe traffic event, but valuable information
regarding situational and behavioural processes leading to crash occurrence is missing.
Therefore, research investigating road safety have also focused on the traffic events that precede
accidents. The pyramid in Figure 1 sketches which type of traffic events can be distinguished,
including their relative proportions. Road user behaviour observation studies can focus on all of
these events, however such studies rarely focus on accidents (due to their rare occurrence and
unpredictability).

Figure 1 Conceptual Safety Pyramid (Hyden, 1987).

The three factors that can lead to a road traffic accident are human factors, environment and
vehicle factors according to the Haddon Matrix. The research conducted by Treat et al., 1977
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found out from the crash data that human factors (error or lack of judgement can contribute to
95.4% road traffic accidents as shown in figure 2 below.

Figure 2 Human, Vehicle and Environment Factors resulting in a RTA (Treat et al., 1997)

According to the Swiss Cheese model, Reason et al. (2006) crashes are caused by a series of
safety compromising events and that crashes will only occur if all these events occur at the same
time (Figure 2). It is therefore important to identify which safety compromising events can
contribute to crash occurrence, in order to develop efficient safety improving measures and
programmes. Traditional crash data cannot offer such information.

Figure 3 The Swiss Cheese Model of Reason (2002).

Figure retrieved from http://www.skybrary.aero.

In the next section, there is discussion about behaviour observation of road users and different
behaviour observation methods which have been used as proxies of traffic safety are discussed.

3.2.Defining Behaviour Observation

Behavior Observation of road users is a part of traffic psychology which is defined as “the
discipline of psychology which studies the relationship between psychological processes and
behavior of road users” (Talib Rothengater, 1997). Road user behavior can help us understand
the behavior of drivers in driver task demand. Error by a road user can lead to a crash and
behavior observation of road users will help in reducing the crash risk. Learning road user
behaviors would make decision making easier for road safety officials and to make roads much
safer and for vehicle manufacturers as well to make vehicles according to the behavior of road
users. The purpose of behavior observation in traffic research and methods of behavior
observation used in traffic research are discussed briefly in the following pages.
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3.3.Methods of Observation and Data Collected
Road user behavior can be observed by using various methods which are discussed briefly below.
The road user behavior data can be categorized into five categories.

 Stated behavior data(surveys)
 Available data(crash data , police data, traffic violations etc)
 Data collected from simulations using driving simulators or virtual reality to create a

mockup of the real traffic conditions
 Naturalistic driving using instrumented vehicles to collect behavior data.
 Naturalistic Observations where data is collected in the real world.

Multiple methodologies to evaluate traffic safety that do not use traditional crash data have been
proposed and applied in scientific literature (Table 2). These approaches might be considered as
proxies for traffic safety, since they do not analyse or evaluate crashes itself, but focus on
processes and events that precede them. These methodologies can be distinguished in
naturalistic data collection (reflecting driving behaviour in the real environment) or controlled data
collection (in which researchers have the ability to manipulate and control traffic events).

Table 2 The most common safety evaluation methods used in Scientific literature

Actual (objective) traffic safety Proxy for actual (objective) traffic safety
Naturalistic data collection Controlled data collection

Revealed Simulated Stated
Crash data Behavioural Observation*

Traffic conflict observation
Naturalistic Driving

Driving Simulator
Microsimulation

Questionnaires
Interviews

Focus groups
* The focus of this scoping review.

Controlled data collection techniques can be further divided into stated and simulated research
methodologies. Stated research designs investigate attitudes and behaviours based on
questioning participants, usually with the use of questionnaires, interviews or focus groups. These
methodologies are limited in the sense that collected data is dependent on behaviour that is stated
by respondents (e.g. attitudes, opinions and beliefs), rather than behaviour actually shown in a
natural setting. The advantage of simulated studies is that different scenarios or new types of
infrastructure can be tested, without the need of constructing them first. However, known issues
regard behavioural adaptation during driving simulator research and issues regarding validity for
both driving simulator research and microsimulation studies (Jenness, 2007; Bedard et al., 2010;
Schectman et al., 2009; Y Wang et al 2010). In the next few sections these data collection
techniques have been further discussed, where proxies of traffic safety are collected to analyse
safety.

3.3.1.Controlled Data Collection
3.3.1.1. Survey / Stated Behavior

Surveys in traffic research also known as self report have become very popular in traffic safety
research in the last decades with measuring opinion, beliefs, attitudes, emotions and behavior.
Surveys or self reports are used for measuring both driver skills and driving style i.e. driver
behavior. There has been questions raised on survey methodology to measure driver skills or
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performance by Bryan E Porter., (2011) as most of the actions taken by the driver during the
driving are unconscious (changing gears) and drivers are less aware of their skills with more
experience. Driver Behavior Questionnaires are used to observe drivers behavior and a lot of
literature is available on different types of DBQs with examples of different countries having a
different DBQ. There are also DBQs available for different road users like Motorcycle driver
behaviour questionnaire( Reference) Other examples of driver behavior observation using survey
methodology is using different scales of behavior observation like Sensation seeking Scale (SSS)
or Drivers skill inventory(DSI).Other than Questionnaires, survey methodology can use self report
diaries of drivers as well as interviews conducted of a focus group. For the validity of surveys
conducted in traffic research, some of the problems faced are that the drivers would like to
respond to the questionnaire in such a way that the response makes her/him look good (PaulHus
1984). Other methods of checking the validity is to check the reliability and validity of the data
obtained by surveys. Some examples of survey methodology is to measure opinions or attitudes
about speeding or driving under the influence of drugs, self reports can also be used for reporting
crashes and crash risk. All the aspects of driving can be covered by using this approach but the
validity of this methodology is a concern for behavior researchers in traffic research.

3.3.1.2. Driving Simulator

Driving Simulators go back as far as pre Second World War which were used for training purposes
are were flight simulators, they were used to reduce operational cost (Blana E.1996). They are
used in the traffic research with a mock-up of a car, bikes, motorbikes and planes. They range
from a low end simulator with a computer screen with a joystick or keyboard to high end simulators
with 360 degree field of view with several screens and high end resolutions. Key components of
a driving simulator are a modified car, visual system and motion system. The driver is seated in
a vehicle cabin which relates to a real cabin and vehicle movements are simulated by motion
systems. Compared to real traffic studies observation the driving simulator has some advantages;
a specified traffic scenario can be created in a driving simulator to observe the specified behavior.
The participants in the research of driving simulators can be confronted with a situation which can
occur rarely in reality. Interactions among road users can also be simulated to observe car
following behavior or affect of red light cameras on road users for example with the scenario
created according to the specified behavior to be observed. Some behaviours cannot be observed
in real traffic conditions such as driving under influence of drugs or alcohol which can be observed
in a controlled simulator environment. Studies involving near accidents behavior can also be
observed in a safe way in driving simulators.
In Driving simulator the question of the validity of the results obtained from driving simulator with
the real world remains. The driver might not behave in necessarily the same way he/she behave
in real traffic conditions. Another problem faced in driving simulators in the simulator sickness
with participants feeling disorientation.
3.3.1.3. Micro Simulation

Micro simulation is also used for behavior observation by using micro simulation softwares like
VISSIM etc. Modeling is also another way of Behavior observation which are sometimes
calibrated, validated or developed using real world data. Sometimes Models and Micro simulation
results are validated by results from real traffic.

3.3.2.Naturalistic Data Collection
3.3.2.1. Crash Data / Available Data

Crash data is used directly as an indicator of safety at a site; they are mostly used for statistical
analysis of crashes from the data collected by police or other agencies. Crash data is also used
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for interventions effectiveness as a before-after study while it is not that reliable when it comes to
crashes of pedestrians and bicyclists as they are underreported (Elvik and Mysen 1999). The
data can be used to describe the behavior of the users involved in a crash by checking the police
crash data or approaching the users involved in the crash. Depending on the quality of the crash
data, different behavior of the road users can be recorded like seat belt use, helmets use,
speeding or driving under the influence of drugs or alcohol. Crash data can also help decision
makers and law enforcement agencies to enforce such conditions which would increase road
safety. For example by using helmet the probability of a fatal head injury by the road user would
be reduced by 68.7 %.( Maids, 2004)
3.3.2.2. Naturalistic Driving

Naturalistic Driving is a research method for observation of road user behavior where the vehicle
of the subject is instrumented to observe driver visual, hand or head maneuvers as well as vehicle
maneuvers to observe driver behavior Backer-Grøndahl, A., et al. (2009). The participants in a
naturalistic driving study are told to drive normally as they would do in their everyday life.
Naturalistic Driving data provides a very detailed data on driver behavior, road characteristics,
weather and traffic conditions. The data is collected in normal as well as in near crash conditions.
This method of behavior observation can obtain information that cannot be gained by other
observation methods like visual observations of driver, handling of the vehicle and what kind of
information the driver looks for during driving. Other data that can be gathered by using this
method is speeding data as well as route behaviour. Naturalistic Driving Data is used mostly in
cars but is now also used in trucks, vans and motorbikes as well as bicycles.One of the first study
of Naturalistic driving was conducted in United states where 100 cars were equipped with
instruments to observe driver’s behavior also known as “100-car-study” Dingus, T.A., et al. (2006).
A lot of data is generated in such studies so a mechanism is formed to only include the relevant
data according to the study. In the 100-car study case the research team only wanted to study
what happens in the car and on the road before a near crash, so only data relevant to these
behaviors is identified. This research also has less validity as the road users are aware of being
tracked/observed as the awareness of the sensors on their vehicle might cause behavioural
adaptation effects.

3.4.Naturalistic Behavioural Observation
Naturalistic data collection methodologies focus on the observation of behaviour that is shown in
the real traffic environment. A distinction can be made between studies in which road users are
aware of being observed (naturalistic driving studies) and studies in which unobtrusive
observations of road user behaviour are made (behavioural observation and traffic conflict
studies). Although the concept of unobtrusive is not clearly defined in behavioural observation
studies, it seems generally regarded as the avoidance of informing road users of their participation
in the study. When road users know that they are being observed, they may change the behaviour
of interest (Porter, 2011).  Naturalistic driving studies enable the collection of vast amount of data
during individuals’ trips, but the awareness of the sensors on their vehicle might cause
behavioural adaptation effects. Therefore, behavioural observation studies, and, as an extension
traffic conflict studies can most closely represent natural road user behaviour. The main difference
between these two methodologies is that traffic conflict studies try to measure traffic safety in
terms of the expected number of (injury) accidents, while road user behavioural observation
studies focus on observing what happens, rather than to quantify traffic safety levels.

Porter, 2011 has discussed some of the questions that you can ask before deciding the method
of observation in “Handbook of traffic Psychology”. First question to ask is that “what is the
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purpose of the study” If there is a need to study the occurrence or frequency of a behavior than
Naturalistic observation can be used, but to understand the underlying causes other methods can
be used. Secondly can the behavior of interest be checked visually, third “what is the
population/sample which will be observed” and lastly the cost associated with the research. On
site behavior observation can be very industrial/labor-intensive so the scope and time assosciated
with the research must be clearly stated.

3.5.Direct vs. Unobtrusive Observation
Direct observation means that the road users will see the researcher or research teams and may
alter the desired behavior of interest. Porter., (2011) mentions that the drivers would put on the
seat belt once they saw that they are being observed. Unobtrusive observation can be done when
the drivers or road users don’t know that they are being observed. For this purpose researchers
choose places where they are hard to recognize and if video camera is used to observe behavior
then it is concealed in such a way so the road users are not aware of being observed. The review
will focus on unobtrusive observation where road users are not aware of being observed as
anonymity among road users may reveal the actual behaviour. According to social psychology
research , people behave differently when they know they are anonymous (not aware of being
observed) as compared to situations where they can be identified (James W Jennes 2007). This
opinion is also backed by Shinar 1998 as he discusses the negative effects of anonymity of a
automobile driver who might engage in aggressive driving and road rage because of feeling
anonymous.

3.5.1. Advantages of Unobtrusive Naturalistic Behaviour Observation
As mentioned above in section 3.4 there is no direct environment available in other methods of
observation, on site observation can be used to directly analyze the behavior which is being
studied without relying on proxies of behavior like self reports and others mentioned in previous
sections (Porter, 2011).

On site behavior observation has more validity as it is done in naturalistic environments as
compared to Driving Simulators. It’s also different from Driving Simulators as drivers are observed
in their own car and not aware of being observed which can only be done by observing the road
user from outside the vehicle.(Porter, 2011).
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4.CHAPTER 4: Key Terms & Scope of the review
Behavioural observation of road users using naturalistic data was one of the first methods
employed by traffic safety researchers, almost a century ago, Dodge (1923) argued that
understanding of human factors (behaviour) of road users is important to improving traffic safety.
Since then there has been a lot of research carried out on human factors (behaviour) in traffic
safety research ranging from simply monitoring the behaviour, testing the effectiveness of a
countermeasure to improve traffic safety to validating, calibrating or developing microsimulation
models. The amount of published peer-reviewed studies has grown rapidly in the last decades
but a scoping (systematic) review is missing which gives an over view of the current state of
knowledge in this domain.

4.1.Key Terms
In order to guarantee the transparency and replicability and to clearly communicate the focus of
this review, key concepts are defined as follows:

 Road users are all users of the road infrastructure that can move freely and are not
constraint to guiding systems (e.g. trains on rails). Transportation modes that are guided
are excluded since drivers/riders of those modes have very limited control over their own
direction. Aviation and ships are excluded from the review, since they do not make use of
the (public) road infrastructure.

 Road user safety is the absence of unintended harm to road users or damage to the
vehicle of their mode of transportation. Road user safety in this research is independent
of injury severity.

 Road user behavioural observation studies (from here referred to as behavioural
observation studies) are studies observing road user behaviour, in which the road users
observed are not informed (beforehand) of their participation in the research. These
studies focus on how road users pass the observation site in a naturalistic setting and
should be related to traffic safety aspects.

 Vulnerable road users (VRUs) are those road users that do not have a protective shell
around them (Wegman and Aarts, 2006). These include, among others, pedestrians,
cyclists and riders of powered-two-wheelers.

 All road users that do not comply to the definition of vulnerable road users were labelled
as drivers in this research. Examples are cars, trucks and busses.

4.2.Scope of the Scoping Review
The amount of documents reporting on research of road user behaviour is extensive. A
preliminary search on three major online databases yielded over 21.000 papers, reports and other
research documents. In order to guarantee the feasibility of the review, it was therefore important
to formulate exclusion criteria. The most important requirements for inclusion are listed below:

 Document type: Only peer-reviewed journal articles were included in this review, thereby
discarding research reports, book sections and conference proceedings.

 Publication year: Road user behaviour has already been observed since the 1930s.
Although problems regarding the accessibility of papers published before the 1990’s
arise – those papers are not necessarily digitalized, nor might authors be still
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professionally active to be contacted – it is preferable to include those older studies as
well, since they provide insight into how the behavioural observation techniques have
evolved over time. Furthermore, exclusion of older publications might sketch a distorted
perspective on the actual usefulness of behavioural observation studies. Therefore, no
restriction on publication year was introduced.

 Publication language: Only articles in English were considered for inclusion, due to the
limitation of the knowledge of (certain) foreign languages.

 Involved road users: All the road user’s motorists and Vulnerable road users are included
in the review. Car drivers, Heavy vehicle drivers (Bus and trucks) are termed as drivers
in the report while the vulnerable road users include pedestrians, cyclists and powered
two wheels.

The limitations raised by using the above mentioned criteria is discussed in Chapter 8.
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5. Chapter 5: Methodology
This chapter will discuss the methodology used to gather all the literature, the inclusion and
exclusion criteria, data management and the flow of information during the screening process.
The following sections describe the important elements of the review process.

5.1. Review team
The review process was carried out by two reviewers (Riaz M.S & Haperen W.V). both reviewers
carried out all the screening and inclusion process and the extraction of results. It was decided to
keep the review team to two members as with more people involved, it is inevitable to have
subjectivity issues as each member of the review team may interpret defined criteria differently
(Mallet et al., 2012). Therefore, the two members who created and tested the search protocol and
designed the first version of the codebook. It was made sure that both reviewers had regular
discussions and performed multiple consistency checks during the entire review process.

5.2.Search protocol
Three major online databases were systematically searched for possible relevant journal articles:
Web of Science, ScienceDirect and TRID. The authors believed that these three electronic
databases are comprehensive enough to yield most relevant references regarding road user
behaviour observation studies. After testing several combination of terms in the Web of Science
and ScienceDirect databases, a search term was formulated and used in all three databases:
Traffic AND (Behavio*r OR Safety). Several additional filters were set for the databases, which
can be found in Annex 1. References were retrieved on the late afternoon at December 2nd 2015.
Thirteen papers accepted for publication in 2016 were found, but in this review recoded as papers
published in 2015. The three databases yielded 21.169, which were all imported into the Endnote
referencing software. After the automatic and manual removal of duplicate entries, 12.121
references remained for screening.

5.3.Screening
One of the most important stages during a scoping review is the screening of the references found
by the search strategy. During this stage, an assessment of the relevance of the found references
is made. It is important that exclusion criteria are defined as clearly and unambiguously as
possible, in order to limit the influence of selection bias (the extent to which different individuals
in- or exclude references) and to guarantee the replicability of the review process for other
researchers. In our review, three rounds of screening were used to identify the relevant
references: selection, relevance and eligibility screening.

5.3.1.Selection screening:

The first screening round was used to remove all references that were not peer-reviewed journal
articles published in English. Examples include conference proceedings, non-peer-reviewed
journal articles, book sections and research reports. After this screening round, 7.007 references
remained. Unlike the other steps of the screening process, the selection screening was performed
by only one member of the review team.
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5.3.2. Relevance screening:

The second round of screening evaluated the relevance of found references. Both members of
the research team checked the titles and abstracts in order to determine if the articles regarded
the unobtrusive observation of road user behaviour. Three exclusion criteria were formulated: not
relating to (road) traffic, no collection of uninformed observed behaviour (e.g. driving simulator,
questionnaires, crash data analyses) and being a traffic conflict study only. During this stage, the
differences in in- or exclusion between the research members were discussed. In case of doubt,
references were kept for eligibility screening. The “inclusion criteria” of the search protocol
describes the basis on which studies will be included in the review and it should be clearly defined.
The inclusion criteria guidelines also help the reader to understand clearly what is being proposed
in the review and also help the reviewers in including or excluding studies for the scoping review.
The in/exclusion process is specified below. The review is focusing on Road traffic studies, with
a behaviour element, carried out in the Naturalistic setting without the road user aware of being
observed (unobtrusive).

5.3.2.1. Related to Road traffic?

If the study is not related to traffic like studies in the domain of medical science or other domains
of science etc will be excluded with reason: “Not related to traffic”. If the study is related to Traffic
we check for the next inclusion/exclusion criteria.

5.3.2.2. Behaviour observation or not

After confirming that study is related to traffic, the next step is to check if the study has a road
user behaviour element. In case of not related to behavior observation the study will be excluded
with reason: “Not related to behavior observation”. For example studies analysing only crash data,
or studies which do not include the behaviour of road user to provide evidence (surveys, self
reports). In case of a behavior observation study we check the next exclusion criteria.

5.3.2.3. Aware of being observed?

If the study is related to traffic and is a behavior observation study of road users conducted using
naturalistic observations, then it is checked for the last inclusion/exclusion criteria which is that
“are road users aware of being observed”. Only unobtrusive observation studies have been
included in the review.

Figure 4 on the next page describes this process of inclusion & exclusion of studies during the
relevance screening through a schematic diagram.
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Related to Road Traffic Reason: Not Related to Road Traffic (Ships,
Aviation, Medical Science etc.)

Related to Behavior
Observation

Reason: Not Related to Behavior
Observation

Obtrusive or Unobtrusive
observation

Reason: Obtrusive observation (Road users
aware of being observed)

Included for Eligibility Screening
Figure 2 Inclusion/Exclusion Criteria of the Review

5.3.3.Eligibility screening:

Almost 700 full papers were examined for data extraction. At the start of this screening round,
papers were coded into the codebook by both reviewers, until a satisfactory level of consistency
was reached (after around 75 references). Then, the papers were divided based on publication
year (even vs odd years). Additionally, a subsample of papers was coded by both review
members as well, in order to continue to check for consistency. Whenever a reviewer was not
sure about certain aspects of the extracted information or if an article did not seem to be eligible
for information extraction, a notation was made and the references was checked by the other
review member as well.

5.4.Data Management
For Data management, a spreadsheet software was used to keep track of all the included and
excluded articles during screening process. Endnote was used to retrieve all the included studies.
(Annex 2)

5.5.Paper retrievals
The automatic text retrieval function in Endnote was used to collect full text articles. Papers that
could not be found were searched for manually through google scholar and Research Gate. A list
of missing articles was then formulated and effort was made to retrieve these papers. From the
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620 references, 37 publications could not be located. The majority of these papers were published
before 1985 (56%).

5.6.Flow of Information
The flow of information of the review process has been shown here on the next page with data
collected from three databases (Web of Science, ScienceDirect & TRID) and after screening the
data, the amount of studies included in the final review according to the scope of the review and
inclusion/exclusion criteria are shown in the flow chart (Figure 5) on the next page.
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Figure 3 The flow chart of the screening process
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6.Chapter 6: Extraction of Data
Once the available literature is screened and included in the review, the relevant data is
extracted according to the research questions and objectives of the review. A codebook (MS
Access form) was created to record information from each study. This form was refined during
the screening process and during extraction of the data because as the review was being
conducted it became apparent to include other useful data. this process of extracting the data
was an iterative process where the codebook (form) is updated continuously.
Once the codebook was created. To verify the consistency of recording/coding the information
among the two reviewers and verify the completeness of the codebook, around 55 studies
were checked by both reviewers to have a version of codebook which can include all types of
information according to the research objectives. After the information extraction process, the
codebook was revised again in order to include elements that were difficult to categorize based
on definitions used in the working version. The following sections describe the elements that were
included in the final version.

6.1.General Information
The first section of the codebook contained the most general and basic information regarding the
included journal articles. The following information was extracted:

 Unique identifier and the member of the review team who initially coded the article
 Research goal: monitoring, evaluation, model development, software development
 Research focus: traffic safety, mobility or both
 Full reference
 Exclusion (ineligible or irretrievable)

6.2.Research Topic
The second section of the codebook collected information regarding the main topic. In order to
structure the data, a categorization for classifying research topics was proposed, based on the
examination of the first 55 papers (Table 3). The topics were defined as follows:

 Infrastructural-intersection: Phase change warning systems and dilemma zones both
relate to driver behaviour during the final stages of the green or amber phase. The
difference between them was defined as the presence of a certain system that warned
approaching drivers for the oncoming phase change. Studies that specifically focused on
red light running were considered separately. With regard to the topics of yielding and
crossing, the distinction was defined as yielding representing the studies in which the
process of negotiation between road users who shall cross first was observed, while
crossing studies represented the actual crossing and elements related to it (e.g. waiting
position and waiting time). Finally, shared space was considered as a infrastructural-
intersection topic. Studies investigating this topic focused on situations in which road users
have no allocated position, forcing road users to interact and communicate with each
other.

 Infrastructural-road section: Speeding, car following and merging are topics that can be
allocated to the category of road sections, since they reflect behaviour that is typically
shown on stretches of road. Other topics include overtaking/passing (defined as one road
user overtaking another or two road users passing each other while traveling in the
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opposite direction), lane changes, gap acceptance and dedicated infrastructure (observing
behaviour regarding the use of annotated road user positions, e.g. bicycle lanes).

 Situational: Research regarding work-zone safety, the influence of weather conditions and
violations other than violations directly related to the other defined topics (e.g. red-light
running) were allocated to this category. A few studies were also found that focused on
emergency vehicle warning systems, which alerted drivers that an emergency vehicle was
approaching or being approached.

 Personal: The use of safety systems, like seatbelts, child restraints and protective clothing
were considered as topics relating to personal characteristics. The topics of turn indicator
use, mobile phone use, driver distraction, driver aggression, drunk driving and risky driving
behaviour were also allocated to this category.

 Other: Finally, a category was created to capture all studies of which the topic could not
be allocated to one of the defined topics. Examples include the effect of road lighting, hand
positions on the steering wheel and the effect of speed bumps. In order to keep the list of
topics as structured as possible while keeping a sufficient amount of detail, no specific
categories for these topics were created.

Table 3 The topic types defined in this review

Category Topic
Infrastructural Intersection Phase Change Warning Systems

Dilemma Zone
Red Light Running
Crossing
Yielding
Shared space

Road section Speeding
Car-following
Merging
Overtaking / Passing
Lane change
Gap acceptance
Dedicated infrastructure

Situational Work-zone Safety
Weather conditions
Emergency Vehicle Warning
Other violations

Personal Seatbelt
Turn Indicator
Child restraint
Protective clothing
Mobile phone
Drink driving
Aggression
Distraction
Risky driving behaviour

Other

In addition to the specification of the research topic, a notion of the type of infrastructure was
made as well. A categorization of four types was made:

 Intersections: Included are signalized, priority controlled, priority-from-the-right (road
users arriving from the right have the right-of-way) and stop-controlled (stop-signs at all
legs) intersections and roundabouts;
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 Crossing facilities: pedestrian crossings (not part of an intersection), cyclist crossings (not
part of an intersection), channelized right-turn lanes and railroad crossings;

 Road sections: straight roads, curves and work zones;
 Other: shared space, parking lots and other locations (which were specified in an

additional variable).

6.3.Methodological information
The third section of the codebook focused on methodological aspects. Several types of
information were extracted and structured, including on which road user types the studies
focused, whether data was collected on all involved or a pre-selected road user type (e.g. yielding
studies focusing on both drivers and pedestrians or only focusing on pedestrians) and if the
behavioural observations were combined with other methodologies (e.g. the traffic conflict
technique or the driving simulator). Other important information extracted regarded:

 Research design: Four types were distinguished:
o Single observation: a single site or multiple comparable sites are monitored. No

comparison between sites is made.
o Before-after: At the same site(s), measurements are made before and after the

implementation of a safety improving treatment. The effectiveness of the treatment
is evaluated.

o With-without: At the same site(s), measurements are made with the treatment
activated and the treatment deactivated (e.g. countdown timers). This type of
research design is most often applied when the treatment has been in place for a
long time or if the treatment is part of a series of different treatments to be tested
at the same location.

o Cross-sectional: Two or more sites are compared to test the effectiveness of a
safety improving treatment. The difference with with-without research designs is
that in cross-sectional research comparisons between sites are made.

For before-after and with-without studies, it was also investigated if a control group was
used to address confounding factors such as regression-to-the-mean and natural variability
problems. A notion was also made when a semi-controlled design was used, in which
instructed road users provoked traffic events of interest.
 Data collection technique: The means of data collection was coded. The following

categories were defined: human observers, cameras, vehicles equipped with cameras
(observing other road users), detectors, (handheld) speed guns and other sensors.

 Data collection characteristics: Finally, information regarding the collected data itself
was extracted. This information focused on the number of testing sites, their
geographical location (country), the sample size and the time of day data was collected
(peak or off-peak, day or night, week or weekend). Peak hours were determined based
on the statement of the authors that volumes of road users of interest were high or not
at the selected time of data collection. It should be noted that this section of the codebook
solely focused on the characteristics of the data that was actually analysed, because not
all studies have analysed all the data that were collected.

6.4. Indicators
A wide variety of indicators was used in the 583 included studies, which relate to different aspects
of traffic safety events, situational aspects and road users characteristics. A categorization was
applied to structure the 47 identified indicators, closely related to the categorization created for
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the research topics. It is important to note that this proved to be a difficult task since multiple
indicators were difficult to allocate to only one category (e.g. speed and gap acceptance). Only
indicators with a connection to traffic safety were included (road user characteristics being an
exception). Indicators related to mobility (e.g. start-up lost time, delay time) were ignored. The
following categories were defined:

 Infrastructural indicators
 Traffic Safety Aids
 Distractions
 Personal characteristics

6.4.1.Infrastructural indicators
The majority of the identified indicators (n = 30) can be related directly to infrastructural elements
(Table 4). The following categorization was applied:

 Intersection-Dilemma Zone: Five indicators were found to describe behaviour during
dilemma zone scenarios. The most common ones included the stop-or-go decision and
yellow- and red-light running. Two other indicators tried to describe the severity of yellow-
or red-light running by recording the distance-to-stop-line during the onset of the amber or
red phase and to measure the intersection-entry-time (the time after the onset of the
amber or red phase that a vehicle passes the stopping line).

 Intersection-Yielding: Four indicators were identified that can be used to examine yielding
behaviour. The most basic indicator, yielding, just indicates if a road user stopped to let
the other one pass first. Other indicators include looking behaviour, yielding distance
(describing the distance at which yielding occurs) and the occurrence of evasive actions
(sudden changes in speed or direction to avoid a collision).

 Intersection-Crossing: Indicators related to the crossing manoeuvre can broadly be
distinguished into pre-crossing and during-crossing indicators. The former includes
waiting position, waiting time, gap acceptance, gap size and stop sign compliance.
Behavioural indicators describing the process of the crossing manoeuvre itself include
crossing time, crossing path and jaywalking (road users do not cross at the crossing
facility).

 Intersection-Railroad Crossing: A special type of intersection is the railroad crossing.
Several studies investigated the extent to which road users respect the traffic rules,
focusing on stop sign compliance or adhering to signalling lights.

 Road section: Indicators used to describe behaviour at road sections include
measurements that do not necessarily require interaction (speed, space and time
headway, lateral position and lane choice) and measurements in which two or more road
users need to interact with each other (overtaking, overtaking attempts, merging, merging
distance and lane changing).

 Violations: Finally, indicators relating to violations were identified. They included wrong-
way driving and violations that could not be allocated to the other defined indicators.

6.4.2.Traffic Safety Aids
Seven indicators were identified that relate to the use of traffic safety aids. Three of them are
exclusive for vehicles and regard the use of turn indicators, seatbelts and child restraints, while
the use of protective clothing and pedestrian push buttons are only applicable for VRUs. Finally,
the use of (head)lights was encountered in the literature. An additional category was included,
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indicating if measurements were used that could not be allocated to one of the previously
mentioned indicators.

6.4.3.Distractions
In total, five indicators were identified that relate to (driver) distraction. A sixth indicator was
defined to capture measurements that could not be allocated to the five identified indicators. The
indicators regarded personal behaviours (mobile phone use, smoking and carrying items) and
situational characteristics (the presence of a passenger for vehicles and the group size of crossing
road users).

6.4.4.Road user characteristics
The final category of indicators consists of road user characteristics. It includes age, gender and
ethnicity. Some studies also focused on following certain road users over space and time or
relating shown behaviour to crash/violation history. For these studies, the license plate or vehicle
registration number was collected. These indicators are not considered to be behavioural, but
important to include into the review since literature has shown that for example men are more
willing to take risks than woman (e.g. Buss, 2004; Yagil, 1998).

Table 4 The infrastructural indicators found in the behavioural observation studies

Type (Element) Indicator Measurements
Intersection Dilemma zone Stop / Go Stop-or-go

Yes / No Yellow light running
Yes / No Red light running

Time Intersection entry time
Distance Distance from stop line

Yielding Yes / No Yielding
Distance at which is yielded Yielding distance

Yes / No Looking
Yes / No, type Evasive action

Crossing Location Waiting position
Time Waiting time
Time Crossing time

trajectory Crossing path
Yes / No Jaywalking
Yes / No Gap acceptance

Time Gap size
Yes / No, type of stop Stop-sign compliance

Railroad crossing Yes / No, type of stop Sign compliance
Yes / No Light-compliance

Road section Speed Speed, acceleration, style
Headway Time, Distance

Lateral position Distance
Lance choice Left / Middle / Right
Overtaking Yes / No

Overtaking Attempts Number
Merging Yes / No

Merging Distance Distance at which is merged
Lane change Yes / No

Violations Wrong-way driving Yes / No
Other
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7.Chapter 7: Findings and Analysis
The process of data retrieval showed that the amount of peer-reviewed journal articles relating to
road user behavioural observation studies is extensive: 583 relevant and retrievable articles were
found. The previous chapter described how information from these articles was extracted and
structured. With the use of descriptive analyses, this chapter describes the main findings and
observation of the current application of behavioural observation studies published in scientific
literature. The following sections describe the descriptive analyses of the information coded in the
codebook. The findings are structured as follows: first an overview of road user focus is given,
then topics and behavioural indicators are described, afterwards the purpose of behavioural
observation studies is explained and finally methodological aspects are discussed.

7.1.Road user focus

7.1.1.Vulnerable Road Users & Drivers
In order to acquire a better view on the applicability of such studies with regard to VRUs’ safety,
a distinction between studies including at least one VRU road user type (hereafter referred to as
VRU-studies) and studies including at least one non-VRU road user type (hereafter referred to as
driver-studies) was made. Based on this categorization, 214 of the 583 studies (37%) were
labelled as VRU-studies and 477 of the 583 studies (82%) as driver-studies as shown in the figure
below.

Figure 4 Distribution of VRU & Driver Studies in the review

It is important to note that this categorization does not take into account if behavioural data of
these road user types is collected. For example, studies investigating yielding behaviour between
car drivers and pedestrians in which data for both road users was collected and studies only
focusing on the crossing pedestrian were both labelled as VRU- and driver-studies

Figure 7 provides an overview of the specified road user types’ involvement in behavioural
observation studies, shown in percentages on the y-axes and in absolute numbers on the data
labels. The numbers of the different road user types do not add up to 100%, since studies can
include multiple VRU or driver types. The VRU-studies show that the majority of research interest
has focused on pedestrians (67%) and, to a lesser extent, cyclists (25%). The area of powered-
two-wheelers’ behaviour is less addressed: only 33 studies (15%) were found. This might seem
surprising, since riders of powered-two-wheelers are highly represented in crash statistics
worldwide (WHO, 2009). However, our experience during the selection process indicated that
motorcyclists’ safety might mainly be addressed by investigating attitudes, using driver behaviour
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questionnaires (e.g. Ozkan et al., 2011, Elliott et al., 2007). Other road user types included in
VRU-studies are staged pedestrians and cyclists, which are used to investigate driver behaviour
at certain events of interest (e.g. yielding or lateral overtaking distance). Finally, behaviour of e-
bikes has been observed during recent years. 12 studies have been found in the review which
included e-bike user behaviour with ten of them conducted in china and one conducted in
Singapore and Taiwan.

Car drivers were included in almost all driver-studies. Determining the involvement of heavy
vehicles was difficult, since many studies did not formulate clear statements regarding their in- or
exclusion. Several articles only reported the inclusion of heavy vehicles by describing them in
result tables, a few studies clearly stated whether or not they were included, but many studies
made no remark at all. Therefore, it is rather difficult to formulate any meaningful observations
regarding heavy vehicles’ involvement in behavioural observation studies.

Figure 5 Specified Road user studies (VRU & Driver). On the left, VRU-studies are shown (n=244) and
driver-studies are shown on the right (n=477)

The number of published studies on road user behaviour observation studies has been growing
rapidly since the first journal article was published in 1939. In order to examine how these
publications have evolved over time, the cumulative distributions of both VRU- and driver-studies
were plotted (Figure 8, top). The first study including VRUs was found in 1973, while drivers have
already been subject of behavioural observation studies since 1939. The cumulative distributions
for both VRUs and drivers show an exponential growth. It can be seen that the majority of the
studies (>50%) have been carried out within the last five and last ten years for VRU and drivers
respectively. When considering the three most examined road user types (Figure 8, bottom), it
can be observed that studies involving car drivers and pedestrians have grown exponentially. For
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cyclists however, the exponential growth seems to have reached it limits: the increasing rate of
research efforts declined slightly from 2013.

Figure 6 Road User Studies evolution over time

(On the top, the evolution over time of research focusing on VRUs and drivers. On the bottom, the three
most common road user types are plotted. Due to low number of studies in early years, the graphs depict
the period from 1965 till 2015)

7.1.2.Unique Road User types

Only three studies were found that included road users that could not be allocated to one of the
formulated road user types. These studies will be briefly described in this section, in order to gain
insight into the content of these studies and why their use has been limited to these few articles
only.

 Only one of the 476 Motorist-studies did not include car drivers. This study focused on the
behaviour of bus drivers and bus commuters near bus stops in Pakistan (Mirza et al,
1999). This study is unique in the sense that it ignores interaction with car drivers and that
it focuses on bus drivers specifically. Risky behaviours of bus drivers like stopping at bus
stops and speeding behaviour were observed.

 Behaviour of taxi drivers have been included in the study of Friedrickson, Frank &
Freeman (1939). The study observed conforming behaviour of car drivers, chauffeurs and
taxi drivers to the traffic regulations when there was no enforcement. The results showed
that taxi drivers showed least conformity, Chauffeurs showed more conformity and private
car drivers were intermediate.

 Hall & Harkley (1999) studied on the on-road behaviour of 16 ft wide mobile homes and
its effect on the oncoming traffic. The authors recommended the pavement width for these
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mobile homes to be operational on various roads based on the mobile homes lateral
positioning on roads and of the oncoming traffic.

7.1.3.Countries
For all 583 articles it was noted down in which countries data was collected. In total, 51 different
countries were identified. The majority of the studies took place in America and Europe. When
considering country level, most studies were conducted in the USA (38%), Canada (8%), China
(8%), the UK (4%) and Israel (4%). For almost half (n = 24) of the identified countries, only one
or two studies were found. A few countries were found that invested more research efforts into
VRUs than drivers (Austria, Bosnia-Herzegovina, Denmark, Egypt, India, Malaysia, Poland and
Vietnam), but it should be noted that the total amount of behavioural observation studies in these
countries is rather limited. A complete overview of the amount of VRU and driver studies can be
found in Figure 9.

The table 5 below shows the top five contributing countries on studies regarding these widely
observed road users in behavioural research. These top contributing countries based on specified
road user types are also shown in figure 10 as pie charts.

Each chart shows the countries with the most studies relating to the defined road user type. One
should be careful during interpretation of these figures, since those do not relate to the research
efforts per country: the fact that the USA has the highest score for almost all road user types is
the result of the USA having conducted most studies. For example, when looking at pedestrians,
the USA has actually the lowest share of studies including pedestrians (21% of all studies
conducted in the USA) compared to the other four ‘top’ countries (29%, 29%, 42% and 42% for
Canada, China, UK and Israel respectively). However, based on this reasoning, there is an
important observation regarding the USA’s share in powered-two-wheeler and electric bike
research. The pie charts show that for these road user types, most studies have been conducted
in Asia and that currently behavioural observation research into e-bikes is limited to China,
Singapore and Taiwan only.

Table 5 Top Contributing countries based on specified road user types

Road User Top Contributing Countries
Drivers Car Drivers USA, Canada, China, Australia, UK

Truck Drivers USA, Australia, China, Israel, UK, Canada
Vulnerable
Road Users

Pedestrians USA, Canada, China, UK, Israel
Cyclists USA, China, Sweden, Netherlands, Canada

Powered Two Wheelers Malaysia, Taiwan, India, New Zealand, China

Due to the limited amount of studies in most countries, sorting road user types based on research
efforts per country will not provide a meaningful perspective on the allocation of research efforts.
Furthermore, it is important to note that the results of this review regard behavioural observation
studies only and that it is possible that other research methodologies might be more applicable
to investigate, for example, powered-two-wheelers’ behaviour.

7.1.3.1. Studies conducted in Multiple Countries

Several studies (n = 16) were found that used testing sites in multiple countries. Main reasons for
such a decision were to enlarge the dataset (e.g. Rudloff et al., 2011) or to compare different
driving cultures (e.g. Marczak et al., 2013). From these studies, three quarters included testing
locations in two countries, but four studies were found that made comparisons between three
countries.
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Figure 7 Behaviour observation studies conducted in each country

(The road user focus of the different countries conducted road user behavioural observations, sorted based
on number of VRU & Driver studies)
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Figure 8 Countries with most research effort for the defined road user types.
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7.2.Topics and indicators
This section provides an overview of the topics and indicators that have been applied in the
scientific literature. First, the infrastructural elements that were the focus of conducted studies as
defined in section 4.2 are discussed. Then, research topics and indicators are briefly described.
Finally, topics and corresponding indicators are discussed in more detail.

7.2.1.Infrastructure
Figure 11 shows the use of infrastructural elements in studies observing VRUs’ and drivers’
behaviour. It can be seen that VRU-studies mainly focus on locations where interaction between
road users is required. Mainly signalized intersections (39%) and pedestrian crossings (31%)
have been extensively researched. Driver-studies on the other hand mainly focused on road
sections (34%), where interaction with other road users is not necessarily required. Furthermore,
the infrastructural elements of railroad crossings and stop-controlled intersections mainly relate
to driver studies.

Figure 9 The infrastructural elements of interests, sorted by number of VRU & Driver-studies
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7.2.2.Topics
The pie charts in Figure 12 show the distribution of the different topic categories. The most
prominent area of research has been ‘Intersection’, with almost 38% of all driver- and almost 80%
of all VRU-studies. For driver studies, the share of ‘road sections’ is comparable (36%), followed
by ‘personal’ and ‘situational’ topics. The same order of shares of research topics can be found
for VRU-studies. From 34 studies (of which 9 included VRU-studies and 32 driver-studies) the
topics could not be allocated to one of the specified categories. Examples include the observation
of hand positions on the steering wheel (Fourie, 2011; Walton, 2005), validating driving simulators
(Yan, 2008) and cycling on the sidewalk (Okinaka & Shimazaki, 2011).

Figure 10 Share of Topic- Categories

A full list of VRU- and driver-studies related to the defined research topics can be found in Figure
13. It shows that the topics of crossing (40%) and yielding (23%) have received most attention in
VRU studies. Red light running and overtaking follow, but their share is rather limited (10% and
4% respectively). The other topics are researched quite infrequently, not exceeding more than
seven out of 214 studies per topic.

The amount of topics represented by driver studies is slightly higher compared to VRU studies,
since topics like seatbelt and child restraint usage can only apply for drivers. This is reflected in
the shares of the research topics: the most popular one, speeding, accounts for ‘just’ 16% of all
driver studies, followed by yielding, crossing and seatbelt usage (13%, 13% and 7% respectively).
Drivers’ behaviour during the dilemma zone is a well-known topic: the combination of Red-Light-
Running, Dilemma Zone and Phase Change Warning Systems adds up to 53 studies (11%).
Surprisingly, studies regarding violations like mobile phone use and drink driving only formed a
very small part of topic focus, while they are recognized as very important road safety problems
(e.g. the EU states that yearly around 600 deaths and hospital admissions in the Netherlands are
caused by mobile phone use while driving, while 2600 deaths and 330,000 serious injuries occur
in the USA because of this distraction (2009)). A possible explanation could be that such studies
are only published as research reports or that different methodologies are used to investigate
these safety issues. For example, driver behaviour questionnaires are very useful to analyse
attitudes, opinions, beliefs, emotions and behavioural and cognitive processes when considering
driving under the influence of alcohol (Drew et al, 2010). Only three out of 27 topics had more
VRU- than driver-studies (crossing behaviour, red light running and the use of protective clothing),
even though the amount of driver studies was more than twice as high (212 versus 476),
suggesting that these areas of research are very useful for observing behaviour of VRUs.
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Figure 11 The research topics found in included studies. Data is sorted per category based on the number
of references for studies relating to VRU-types.
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7.2.3.Indicators
The bar chart in Figure 14 depicts the distribution of indicators. With regard to VRU-studies, it
shows that the behavioural indicators belonging to the categories of crossing (87%), road section
(48%) and yielding (45%) are most often measured. The observation that indicators relating to
road sections are well represented is somewhat contradicting to the observation that mainly
intersections have been the topic of research for VRU studies. Possible explanations for this
finding might be the classification of ‘speed’ as an indicator relating to road sections and that for
studies involving both VRU’s and drivers, the indicators relating to road sections measure the
behaviour shown by drivers. For driver-studies, most measured behavioural indicators relate to
road sections (79%), followed by crossing (39%), yielding (27%) and dilemma zones (27%).
Personal characteristics are also well-reported for both study types: 43% in VRU-studies and 33%
for driver-studies.

Figure 12 The indicator-categories

A full list of VRU- and driver-studies measuring the defined indicators can be found in Figure 15.
It shows that speed is most often measured for both study types: in 44% of the VRU-studies and
59% of the driver-studies speed data was collected. Other popular indicators for VRU studies are
red light running (35%), yielding (32%) and looking behaviour (22%). For driver studies, headways
(18%), yielding (14%) and gap acceptance (13%) are behavioural indicators measured often. It
was further found that twelve out of 43 indicators were more often measured in VRU-studies,
most of them belonging to the category of ‘crossing’ indicators. With regard to personal
characteristics, it can be seen that age and gender belong to the top ten of most collected
indicators for both study types, although they do not directly relate to aspects of traffic safety.
Furthermore, especially VRU-studies considered the influence of group size, defined as the
amount of road users present during the behavioural action of interest (19%).
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Figure 13 Indicators of the included studies sorted based on VRU & Driver-studies
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7.2.4.Topics of interest
This subsection looks closer into the connection between topics and indicators. Unlike the other
analyses, findings discussed in this chapter relate to all studies, unless it is explicitly stated that
observations are based on the VRU- or driver-study level.

7.2.4.1. Dilemma Zone

The most common safety indicators used during dilemma zone situations are the stop-or-go
decision and whether road users run the red light or not. A few studies also included the indicator
‘yellow light running’, which states if the driver passes the stop bar after the onset of the amber
light, but before the light has turned to red. The added value of such an indicator on its own is
difficult to determine, since the meaning of the amber light is fully dependent on the approaching
driver: in general the amber light states that passing is not allowed, unless one cannot stop safely
anymore. Consequently, running an amber light might not necessarily be regarded as an unsafe
behaviour. Therefore, several studies included the measurement of the distance between the
driver and the stop line during the onset of the amber or red phase. A further extension of these
indicators, able to interpret some form of severity, is the ‘intersection entry time’, which describes
at what time after the onset of the amber/red phase a road user is (illegally) entering the
intersection. Although relevant for safety evaluation, this indicator has only been found seven
times. When looking into more detail at the indicator of red and yellow light violations, it can be
observed that the majority of the studies had monitoring purposes (66%), while some studies
were found that tested the effectiveness of, for example, red light cameras (Polders et al., 2015).
Studies specifically focusing on red-light violations have been applied for both VRU- and driver-
studies, but the indicator itself has also been used for other topics (e.g. crossing in general).

7.2.4.2. Yielding

In total, 67 studies were found that examined yielding behaviour of drivers and VRUs. Most of
them were conducted at pedestrian crossing facilities that were not part of an intersection (n =
33) or priority controlled intersections (n = 23). The remaining studies examined the effect of
unprotected left- and right-turn signal phasing in which turning drivers need to yield to drivers,
cyclists and/or pedestrians going straight, evaluated stop-sign compliance and monitored
crossing facilities on roundabouts. The majority of the studies tested the effectiveness of a certain
measure to increase drivers’ yielding towards cyclists and pedestrians. Examples include
advanced yield markings, additional signage and push buttons. Other studies were limited to
monitoring purposes only, in which instructed pedestrians or cyclists were used to observe, for
example, the effect of race (Goddard et al., 2015), staring (Guegen et al., 2015) and hand
gestures (Zhuang, 2014).

Yielding is mainly being evaluated as whether a road user stops to enable another road user to
go first. Many times this has been coded as a binary (yes/no) variable, but few studies included
the manner of yielding, distinguishing in a hard or soft yield (e.g. Samuel et al., 2013; Schroeder
et al., 2013). Another yielding-related indicator, mainly applied in earlier years, is if road users
performed evasive actions (e.g. hard breaking or swerving) to avoid a collision (e.g. Van Houten
et al., 1985).

7.2.4.3. Crossing

Studies focusing on crossing behaviour (n = 126, 22%) have mainly focused on signalized
intersections (n = 47), pedestrian crossing facilities (n = 30) and railroad crossings (n = 19). Most
of these studies monitored behaviour (n = 69), rather than to test the effectiveness of a safety
treatment (n = 36). Both VRUs and drivers have been subject of crossing research. The most
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applied indicator for VRU-studies is the crossing path, while for driver-studies gap-acceptance is
most often considered. Few studies provide more detail on the aspect of gap acceptance by
examining the actual size of accepted and rejected gaps. Although railroad crossings form a major
safety hazard across the EU (Eurostat, 2016), only 21 studies (3%) examining crossing behaviour
were found. Most of these studies only considered drivers and the extent to which they complied
to lights and signs. A few studies were found that observed pedestrians (Lobb et al., 2003; Siques,
2002) and cyclists (Cobey et al., 2013).

7.2.4.4. Road sections

The most often used indicator in driver-studies is speed, most likely because speeding has been
identified as one of the biggest problems in road safety as speeding greatly increases the risk of
accident (Elvik, 2004). Speed is most often measured in terms of driving speed in km/h, but
several studies used the pace of driving/walking during crossing (e.g. in a hurry, relaxed) as an
indicator (e.g. Walmsley & Lewis, 1989; Zeedyk et al.,2002). Research solely focusing on
speeding aims at evaluating traffic control devices (e.g. Yang et al., 2015) or determining the
effect of enforcement like point-to-point measurements (e.g. Montella et al., 2015). Other
indicators that have been used on topics relating to road sections focus mainly on drivers and
include, among others, following distance (in space or time), lateral position and lane changing.

7.2.4.5. Traffic safety aids

The use of seatbelts belongs to the top five of most researched topics (n = 49). Five studies were
found to evaluate the effectiveness of a certain treatment to increase seatbelt use, while the
majority of the studies only monitored seatbelt use. Combinations with questionnaires are not
uncommon (n = 16, 33%). Further analyses show that in the early 80s studies in the USA and
Israel were conducted to investigate the effect of the implementation of the mandatory seatbelt
use law (Hakkert et al., 1981; Matthews, 1982; Lund et al., 1984). Observation of the use of other
traffic safety aids is limited and regards turn indicator use, protective clothing of motorcyclists and
the use of push buttons at traffic signals by pedestrians.

7.2.4.6. Distractions

The area of distractions is not extensively researched. The main indicator used are group size
and passenger presence for drivers and motorcyclists, describing whether the road user is
traveling alone or not. A few studies also included mobile phone use, smoking, carrying items or
other forms of distractions like eating and drinking.

7.3.Purpose of road user behaviour observation
The assessment of the available literature showed that road user behaviour observation studies
can broadly be used for four different research goals:

 Monitoring (e.g. Walker, I., 2007 and Goddard et al., 2015)
o One location or multiple (identical) locations are observed to monitor the

behaviours performed by road users. The goal of such studies is to ‘look what
happens’ and not to examine the influence of a certain (infrastructural) intervention
or safety improving measure. Goddard et al., 2015 monitored the behavior of
motorized vehicle users on crosswalk to understand the yielding behavior of
drivers in terms of racial bias associated with this behavior. The authors concluded
by supporting the hypothesis that people of color face discriminating behavior at
crosswalks from car users.
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 Evaluation of certain measures (e.g. Zhang et al., 2015 and Polders et al., 2015)
o Using a before-after, with-without or cross-sectional research design, the effect of

an (infrastructural) intervention or safety improving measure is evaluated.
Behavioural measures (like hand gestures or staring by staged pedestrians) are
not considered to be studies testing the effectiveness of certain measures, since
these regard the effect of shown behaviour rather than a measure. Zhang et al.
2015 observed the effectiveness of exclusive and concurrent phasing of signal for
pedestrian and found that concurrent phasing results in less crashes as compared
to exclusive phasing.

 Model development (e.g. Li et al., 2014 and Shiomi et al., 2015)
o Real world data is used to develop/calibrate/validate predictive models (e.g.

microsimulation models). Studies developing explaining models are not regarded
as model development. Shiomi et al., (2015) calibrated the model using real world
data for the model of lane changing. The lane use of traffic is collected through
loop inductors. Li et al., (2015) conducted field observations of pedestrians
crossing behavior to validate the model of risk analysis of pedestrians crossing
behavior.

 Automated video-analysis software development (e.g. St-Aubin et al., 2015 and Zaki et
al., 2012)

o Video data of traffic events is used to develop and test automated video-analysis
tools (e.g. tracking algorithms and road user classification). This type of research
goal is an extension of monitoring. Because the development of automated video
analysis software is relatively new, publications with this research goal are limited
and can only be found in recent years.

As can be seen in Figure 16, the proportions or research goals are similar between the VRU- and
driver-studies. The majority of studies have focused on monitoring of road user behaviour,
followed by research evaluating the effect of safety improving measures. Model development and
testing automated video-analysis software tools only reflect a small portion of behavioural
observation studies. When considering the research aims in function of time, again no major
differences between VRU- and driver-studies can be found. The different research goals seem to
be growing exponentially, although testing automated video-analysis software tools seems to be
an emerging topic, since those studies were only found in the last five years.
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Figure 14 Research Goal for VRU & Driver-studies. On the left the research goal for VRU Studies while
on the right is the research goal for included driver-studies.

Figure 15 Research Goals Evolution over time. On top, the shares of the research goals. Below, their
evolution over time.
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use, yielding behaviour or crossing behaviour at railroad crossings. A few studies were found to
be somewhat unique in their approach to monitor behaviour:

 Manan et al (2015) collected data on motorcyclists’ behaviour at priority-controlled T-
intersections, in which the motorcyclist should yield. In their research design, human
observers and video cameras were used to monitor road user behaviour without a pre-
defined list of indicators of interest. During data collection, human observers described
the behaviour shown by the motorcyclists by speaking into a recording device. Based on
these spoken descriptions, relevant indicators were identified and categorized. This
approach is unique in the sense that the research did not depart from a list of pre-specified
indicators, but that the aim of the research was to create a list of indicators. Such an
approach is important to identify which types of behaviour need to be considered for safety
evaluation practices.

 Jonasson (1999) used a similar approach, in which he just observed what happened in
order to answer his research questions regarding informal traffic rules. Although not much
attention in literature is given to informal traffic rules, further research is required since it
indicates that the official rules are violated at many occasions. This can lead to safety
issues when two conflicting road users adhere to the different rule types (formal versus
informal).

 Rosenbloom et al. (2007) observed driver behaviour from inside the car. Female drivers
were observed while driving in familiar and unfamiliar surroundings while a friend was
recording violations from the passenger seat. This study is unique in the sense that
observations were carried out inside the car, but without the awareness of the driver that
she was being observed or participated in an experiment.

 Papadimitriou et al. (2011) modelled pedestrian crossing behaviour during a trip.
Pedestrians were randomly selected and followed during their walking trip through Athens,
Greece. Video recordings were made without violating the privacy of the participants or
the awareness of the pedestrians that they were being followed. A similar approach was
used by Gates et al. (2011), which followed car drivers when they drove through a work
zone.

7.4.Methodological aspects
This section provides an overview of the most important methodological aspects regarding the
use of behavioural observation studies. Elements like research design, control groups, data
collection techniques, observation periods and sample sizes are briefly discussed.

7.4.1.Research Design
The pie charts in Figure 18 show the proportions of the use of the different research designs.
More than 50% of both VRU- and driver-studies used a single observation design to measure
road users’ behaviour, followed by before-after research. The proportions of with-without and
cross-sectional research designs are comparable for both study types and only account for
around 20% of all applied research designs. The two graphs below the evolution over time of the
use of the different research designs. It can be seen that all of them grow exponentially, but that
the use of cross-sectional research designs for VRU-studies have only been used during the last
ten years.
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Figure 16 Shares of research designs & their evolution over time

7.4.2.Semi-controlled research
Several studies (n = 33) were found that used an instructed road user to provoke traffic events of
interest (Table 6). In this approach, the road user received instructions to behave in a certain way,
enabling the collection of data of the other road user during specific events. The majority of these
studies used a VRU as instructed road user, in which either yielding towards pedestrians or
cyclists (n = 14) or drivers overtaking cyclists (n = 8) was investigated. The yielding studies
focused on aspects like ethnicity (Goddard et al., 2015), staring behaviour (Guéguen et al., 2015)
and hand gestures (Zhuang and Whu. 2014), while the overtaking studies focused on the lateral
distance between drivers and cyclists during the overtaking manoeuvre. The remaining eleven
studies made use of instructed car drivers that provoked overtaking manoeuvres (n = 9), tested
the position of braking lights (n = 1) and evaluated drivers’ aggression (n = 1). The latter one was
the only study in which the confederate of the research team hindered other road users in the
sense that there was no possibility to pass (Ellison et al., 1995).

Semi-controlled research designs are mainly used to monitor traffic events (64%) or to evaluate
the effectiveness of a safety treatment (33%). Our findings suggest that mainly VRU-studies
benefit from this approach, since 10% of the VRU-studies used this research design compared
to only 2% for driver-studies. Another interesting observation is that of these 10%, almost 64% of
the studies were conducted during the last five years.
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Table 6 Semi-Controlled Research studies

Instructed Road User Topic Number of Studies
Pedestrians Yielding behaviour of drivers 13

Cyclists Overtaking behaviour of drivers 8
Yielding behaviour of drivers 1

Car Overtaking 9
Braking lights position 1

Driver aggression 1

7.4.3.Control groups
In the field of road user behavioural observation studies, the use of control groups is quite rare.
Only 21 out of 581 references (4%) used some sort of mechanism to address confounding factors
like temporal variability or regression-to-the-mean bias (Table 7). The type of control group can
broadly be categorized into sites (n = 17) and road users (n = 4). The studies reported that results
needed to be modified, based on the data of the control groups. This could indicate that for
evaluation purposes also the domain of road user behavioural observation is in need of control
groups. Even more, Islam et al. (2014) emphasized the use of control groups since they found
that it affected their results significantly.

Table 7 The use of control groups in road user behavioral observation studies (n=21).
Control group Element n %

Type Infrastructure type 17 81
Road user group 4 19

Research Goal Monitoring 2 10
Effectiveness testing 19 90

Effect High 17 81
Low 4 19

7.4.4.Data collection techniques
Several protocols and devices can be used to collect data. Six types of data collection tools were
identified. Figure 19 gives an overview of the amount of studies that used the defined data
collection tools. For both VRU- and driver-studies, cameras (either photo or video) have been
used most often, followed by human observers. Vehicles equipped with cameras were regarded
as separate category, since they enable researchers to observe road user behaviour in time rather
than in space (fixed location). The camera equipped vehicles consisted of cars (n = 17), bicycles
(n = 4) and helicopters (n = 4). For cars and bicycles, the main use of the cameras was to observe
overtaking and passing behaviour, while the helicopters focused on merging manoeuvers. With
regard to the use of helicopters, it was pointed that although this technology offers the opportunity
to capture data without the risk of occlusion by other road users, it is a relative expensive means
of data collection (Polus, 1985).

The results show that speed measurements are mainly collected using speed guns (their share
is higher compared to detectors or other sensors). Of ten studies the data collection tools could
not be allocated to one of the defined categories. These studies used traffic fines (n = 4) or did
not specify the data collection tools (n = 6).
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Figure 17 Data Collection tools in the included studies

The cumulative distribution of the use of the data collection tools over time is for both VRU and
Driver-studies depicted in Figure 20. The most important observation is that for a long time human
observers were the main source of data collection, but that for both study types the use of cameras
has become more common during the last five years. It also shows the (slow) increase of all data
collection tools over the years.

Figure 18 Data Collection Sources evolution over time. The cumulative distribution of the use of data
sources for studies in which all road users are included.
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With regard to data collection using cameras, one of the main concerns nowadays is the privacy
legislation. In many countries current regulations prohibit to film inside vehicles to examine for
example looking behaviour. Most probably these regulations have influenced data collection over
the years, since only one study was found that positioned cameras in such a manner that
behaviour inside cars could be observed (Tenkink & Van der Horst, 1990). Other studies
observing inside vehicles made use of human observers.

7.4.5.Combination with other methodologies
Several studies were found that combined the use of behavioural observation studies with another
safety evaluation method (Figure 21). Of these, the use of stated behaviour methodologies
(questionnaires, interviews and focus groups), was found in 80 studies (13.7%). Their main use
is to determine to what extent self-reported behaviour (and attitudes, beliefs and opinions)
resemble observed behaviour (e.g. Geller, 1980; Hakkert 1981). The inclusion of crash data was
found in 44 (7.5% of all) studies, mostly applied to identify locations of interest for behavioural
observations. The combination with microsimulation tools was found in 27 studies, followed by
Traffic Conflict Techniques with 20 studies. Combinations with driving simulators or naturalistic
driving techniques were found rarely. Finally, five studies were found that complemented
observed behaviour with police records (violations and traffic fines).

Figure 19 Combination of Naturalistic Behaviour observation studies with other methodologies

7.4.6.Number of sites
The number of (testing) sites used in behavioural observation studies ranges from one single
location to 548 locations. Figure 22 provides an overview of the use of study sites related to the
research goal (due to a low number of studies (n = 5), the research goal of software development
was omitted), in which the range between one and 30 sites is shown. It can be seen that for all
research goals the use of only one site is most common and that for the goal of model
development almost half of all studies used one location. The graph further shows a that the
number of locations used decreases exponentially. It can also be seen that for the goal of
effectiveness testing almost 70% of all studies used four or less testing locations. The highest
number of testing locations were found for monitoring studies observing seatbelt use (Eustace &
Bartel, 2002; Russo et al., 2014) and mobile phone use (Wenners et al., 2013; Cooper et al.,
2013).

7 4

27
20

80

44

5

0

2

4

6

8

10

12

14

16

DrivingSimulator Naturalistic
Driving

Microsimulation Traffic Conflict
Technique

Questionnaires Crash data
analyses

Data records

C O M B I N A T I O N  W I T H  O T H E R  M E T H O D O L O G I E S



49

Figure 20 The number of sites based on research goal

7.4.7.Sample sizes
The bar chart in Figure 23 shows the distribution of the sample sizes of the included behavioural
observation studies. The majority of the studies used a sample size between 100 and 5.000
records for both VRU- and driver-studies. Studies with less than 100 records were rare and mainly
related to monitoring and model development purposes. Studies with more than 100.000 records
were also uncommon. These studies mainly focused on speeding using (loop) detectors as data
collection tool (e.g. Montella et al., 2015; De Pauw et al., 2014). An exception is the study of
Savolainen et al. (2011), who observed 103.047 pedestrians within the urban environment during
five stages of enforcement. The lowest sample size was found for the study of Manan & Varhelyi
(2015), which focused on identifying relevant behavioural indicators for merging behaviour of
motorcyclists. An important remark is that around 18% of the 583 included studies did not report
about the sample size. Most articles mentioned the observation period, but did not specify how
many data-entries were analysed.

Figure 21 Observed Sample Sizes of included studies
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day- or night-time observations is most often reported (68%), followed by week or weekend (56%)
and peak or off-peak (49%) observations. From the information that is being reported, it can be
derived that most research takes place during the day on weekdays. Only ten studies were found
that only observed during night-time hours, focusing mainly on work zone safety and the effect of
road lighting. It can further be seen that only eight pedestrian studies included night-time
observations, but always in combination with daytime observations. With regard to peak- and non-
peak-hours, no clear statements could be formulated. It is dependent on the research aims if high
traffic volumes or free flowing traffic is needed for observing specific road user behaviour.

Figure 22 Reported observation periods
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8.Chapter 8: Discussion
This chapter discusses the scoping review which gives an overview of the road user behavioural
observation studies that have been published in English in peer-reviewed journals. In total, 583
papers were found eligible and retrievable and were included in this study, from which information
regarding topic, indicators and methodological aspects was extracted. This chapter discusses the
findings. The chapter is structured as follows: first some remarks regarding the review process
will be mentioned, then a SWOT analysis is conducted and finally methodological considerations
are discussed.

8.1. Review process
This section will describe the issues which should be taken into account while interpreting the
results. Scoping reviews have a systematic approach for retrieval, there is some limitations and
bias which may arise, these are discussed here.

8.1.1.Bias
As with any other study, retrieving information from the vast amount of available research is most
likely subject to some form of bias. For scoping reviews, bias can be introduced during several
stages of the review process. Following is a brief description of the types of bias that might have
influenced our results:

 Database bias: When incorrect databases are used for information retrieval, the number
of references found does not accurately reflect the total amount of references that can be
found. This review only considered the databases of Science Direct, Web of Science and
TRID, yielding 2.530, 1.920 and 16.719 results respectively. The assumption was made
that these databases are sufficient enough to capture most relevant references, since
these databases include the major peer-reviewed journals in transportation and traffic
safety sciences.

 Publication bias: Publication bias regards the exclusion of research that has not been
published. According to Rothstein et al. (2005) “publication bias is the term for what occurs
whenever the research that appears in the published literature is systematically
unrepresentative of the population of the completed studies”. Published studies in medical
sciences tend to have more positive results then unpublished studies, which have lower
effects or no significant findings. Evidence on publication bias shows that the bias has
more to do with the significance of the results than the quality of the study. In our review,
we choose to only include studies that have been published in the scientific literature,
thereby most likely discarding many research that is linked with road user behavioural
observation, but has not been published. However, since the aim of this study is to provide
the current state-of-the art, we believe that by using this criterion we capture only
references that should be of higher quality. Furthermore, since the aim of this study is not
to synthesize all available evidence about a specific topic (e.g. the influence of a safety
improving measure), we feel it is justified to only include peer-reviewed journal articles as
a first step to gain insights into the usefulness of behavioural observation studies. The
unpublished studies may also be of lower methodological quality than published studies,
the inclusion of unpublished studies can also introduce bias as the studies that have been
located maybe an unrepresentative sample of the all unpublished studies. The reason not
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to include the grey literature is the absence of peer-review of unpublished studies.
(Cochrane Handbook of for Systematic Reviews of Interventions)

 Article selection bias: Selection bias sometimes also referred as selection effect is the bias
which may arise because selection of articles (sample obtained) is not representative of
the articles that were intended to be analysed. In order to minimise the risk of losing
relevant references, several search terms were tested and compared. We found that a
rather broad formulation of terms was needed, resulting in a high number of references.
During the first round of screening, only titles and abstracts were used to formulate an in-
or exclusion decision. It might be possible that due to unclear titles and abstracts relevant
articles were excluded, but it is difficult to determine the extent of this bias. Several steps
were taken to minimize this form of bias:

o Whenever the abstract did not provide a clear indication as to whether to in- or
exclude the reference, the methodology section was examined;

o In case of doubt, the reference was kept for full-paper screening;
o The entire screening process was carried out by both members of the review team,

i.e. both members evaluated all references. Different decisions were discussed
and if no consensus was reached, the reference was kept for full-paper screening.

8.1.2.Limitations
The inclusion of selection-criteria unavoidably leads to limitations. However, in order to guarantee
the feasibility, transparency and replicability of the review, restraints were needed. The following
aspects might be considered as limitations for this study:

 The most important limitation posed in this research regards the inclusion of only peer-
reviewed journal articles. This choice is justified by the objective to present the current
state of the art in behavioural observation studies. Since peer-reviewed articles follow an
extensive review process by experts in the field, we assume that only studies with higher
quality are included. Furthermore, limiting the scope to peer-reviewed journal articles only
is not uncommon in the field of scoping reviews (Pham et al., 2014). As a result, book
sections, conference proceedings and research reports were not taken into account, even
though they might contain important information regarding current the use of behavioural
observation studies. We have observed that several studies regarding seatbelt and child
restraint usage were published as research reports and therefore were not included in this
review. It might indicate that the current practice and the state-of-the-art in road user
behavioural observation studies differ.

 Only articles in English were considered for inclusion, due to the limitation of the
knowledge of (certain) foreign languages. It should be noted that most peer-reviewed
articles are published in English anyway: English is the predominant language in
contemporary research. Researchers outside the English speaking world who want
recognition of their work have little choice but to publish their results in English (Egger et
al., 1997). Locating and obtaining a study which is in an infrequently used language and
then getting it translated can increase the cost and time of the review process.  (Moher et
al., 2000)

 The process of reference retrieval was carried out December 2nd, 2015. All peer-reviewed
studies that met the criteria and were published or accepted for publication were included.
Publications scheduled to be released in 2016 were recoded as 2015 (n = 2). Several
papers were not retrievable. The majority of these papers regard publication from before



53

1985, a time period in which journal articles were not necessarily digitized yet. In order to
acquire as much references as possible, a list of missing references was sent out to the
project partners, authors were contacted through Research Gate and the UHasselt library
was consulted. Despite these efforts, 37 papers could not be located and might influence
our results slightly.

8.2.Strengths, weaknesses, opportunities and threats
In total, 583 behavioural observation studies were analysed. Based on the extracted information
and the findings of the analysis, a SWOT-analysis was conducted pointing out the advantages
and disadvantages of using behavioural observation studies (Table 8). Following is a brief
description of the identified elements.

Table 8 SWOT analysis of road user behavioural observation studies

Positive Negative
Internal
factors

Strength
Natural driving behaviour

Behavioural and situational
processes

Data quality

Weakness
Control of traffic events

Control groups
Data processing

Bias
External
factors

Opportunities
Amount of data
Control group

Threats
Privacy legislation

Validity

8.2.1.Strengths
The main strength of road user behavioural observation studies is that naturalistic data is gathered
without road users’ knowledge that they are being observed for research purposes, thereby
limiting the effects of behavioural adaptation. In surveys, for example, respondents try to answer
questions in such a way that makes them look good (Paulhus, 1984). Natural settings in which
road users are unaware of being observed reduces this bias and may lead to risky and aggressive
behaviour while driving (Shinar, 1998). Road users may alter the behaviour of interest if they know
they are being observed, Porter 2011 discusses an incident where the drivers will wear their seat
belts when they identified the observer. So unobtrusive observation helps in revealing the “true”
behaviour among road users.

Notion should be made of the trend during recent years to install permanent traffic cameras for
monitoring purposes, but we believe that road users have grown accustomed to them and
therefore do not adapt their behaviour anymore. Furthermore, using these ‘unobtrusive’
observations enables researchers to examine natural behaviour of road users, with the
opportunity to identify behavioural and situational processes that lead to traffic safety issues. This
is important, since other forms of data collection techniques fail to include such information.
Current studies have led to the creation of microsimulation models and suggestions as to why
road users behave in a certain manner (e.g. informal traffic rules).

Another strength of behavioural observation studies regards the quality of the data. Although
earlier studies using human observers reported frequently on inter-observer agreement rates, the
application of video cameras enables to watch traffic events of interest as many times as needed.
This improves the quality of the data, since real world driving behaviour can be examined multiple
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times with different perspectives (for example once for identifying looking behaviour and once for
examining situational circumstances like weather and road conditions).

8.2.2.Weaknesses
One of the major drawbacks of behavioural observation studies is that researchers are dependent
on what happens. Unlike for example driving simulator research or microsimulation, traffic events
of interest cannot be triggered without the ability to collect data of al road users involved. Semi-
controlled research designs partly overcome this issue by using instructed road users to provoke
certain traffic events (e.g. yielding), but are still constrained by the limitation that only data can be
collected of the road user that is being ‘trapped’ in the traffic event of interest.

The findings of the review indicate that the main aim of behavioural observation studies is to
observe what happens, rather than to perform specific safety evaluations. If, however, the effects
of a safety treatment were tested (n = 202), only sixteen studies (8%) were found that included
some sort of a control group. Those studies found that results needed to be adjusted to control
for natural variability. This suggests that, as for many other domains, behavioural studies also
need control groups when the effectiveness of a safety treatment is tested. However, the review
showed that control groups are rarely applied.

Other weaknesses regard the form of data collection. When human observers are used, one
should be careful to guarantee the objectivity of data collection and keep track of the inter-
observer agreement rates between trained observers. As already mentioned video data can partly
address this issue, but one should be aware that technical problems and occlusions by for
example other road users can limit its quality. Furthermore, video cameras enable the continuous
collection of large samples of data, but the labour and costs that are needed to analyse the data
are quite extensive. Current efforts in developing automated video analysis software tools might
provide to be a valuable asset for data analysis. However, current accuracy of these software
tools are not always able to capture the quality needed for traffic safety evaluation and
observation.

Finally, sampling bias can influence the results of behavioural observation studies (and other
research methodologies). Behaviour observed is only a small sample of all behaviours that can
occur and it can never be concluded that the same behaviours would be conducted by people
who have not been observed (Porter, 2011). Although a proper sampling design can minimize
this form of bias, it cannot be eliminated.

8.2.3. Opportunities
During recent years the streetscape is changing. Cameras are installed rapidly, with as main
purpose to monitor the current state of traffic and the environment. Opportunities exist to use the
video footage from these cameras to observe road user behaviour. However, issues regarding
the data-storage, privacy legislation and data quality should be taken into account. Combined
with the current efforts to improve and develop automated vide-analysis software tools, huge
opportunities exist to ease safety evaluation practices. Current software applications are already
able to classify road users and trace them through the video image, but once (tracking) accuracy
is improved further such software might be exploited to observe crossing and yielding behaviour
in more detail.

It was found that almost 14% of the studies combined the observation of behaviour with other
methodologies. Such combinations offer the opportunity to compare behaviour in the real driving
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environment with stated or simulated behaviour. Even more, behavioural observation data might
be used as validation tool, since it reflects natural road user behaviour.

8.2.4.Threats
The most important threat for road user behaviour observation studies regards privacy legislations
when video cameras are used for data collection. Personal experiences with video observation
studies showed that strict rules regarding the collection of personal data exists. Permits are
required to be allowed to make video recordings, on which license plates or faces should not be
recognizable. A study found on crossing behaviours of drivers at a railroad crossing recorded the
looking behaviour of the drivers by using a video camera to look inside the car and observe head
movements (Tenkink & Van der Horst, 1990) while this is not possible nowadays as depicted by
the research carried out on pedestrians’ behaviour by Papadimitriou, Yannis & Golias (2001).

This prohibits to observe inside drivers’ vehicles and as a result excludes certain research topics
(e.g. seatbelt use, mobile phone use and looking behaviour). These data can be gathered with
human observers, but as explained earlier, more risks of human subjectivity exist.

Another important threat regards the validity of the behavioural indicators. The review shows that
a wide variety of indicators is used to describe behaviour, but the relation between these
behaviours and safety is rarely validated. Literature has shown a relation between speed and
safety (Elvik, 2004), but for other indicators no such link has yet been proven. It is generally
assumed that the used behavioural indicators are a valid proxy for traffic safety.

.

8.3.Methodological considerations
One of the main observations regarding the research design is that road user behavioural
observation studies rarely include control groups, when a safety evaluation is being performed.
The sixteen studies that used one indicated that results needed to be adjusted due to confounding
factors. Although the use for cross-sectional research designs might be less useful or feasible (if
locations to be compared are as similar as possible), studies using a before-after and with-without
research design should include some type of mechanism to control for confounding factors.

When looking at the number of testing sites, it was found that the majority of the studies only
looked at one or two locations, even for studies evaluating the effect of a certain safety improving
treatment. For these latter studies, the share of studies limiting themselves to two or less testing
sites amounted to 48%. The question is, however, to what extent these limited amount of selected
observation sites are representative and, as a result, if conclusions can be generalized. Therefore,
it should be encouraged to increase the amount of testing locations. This study found that 20%
of the evaluation studies used more than eight locations, showing that the inclusion of multiple
testing sites is not uncommon practice.

An important consideration regards the interest of road user type behaviour. Although behavioural
observation studies are dependent on what happens, semi-controlled research designs have
been used to force traffic events of interest to occur. Although this methodology prevents data
collection of the instructed road user, data collection efforts can be used efficiently, observation
periods can be reduced and one can control the sample size. The review showed that especially
for VRU-studies such designs are useful for monitoring purposes.
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Finally, efforts should be allocated into validating the use of behavioural indicators. The review
showed that many indicators have been used, but their added value with regard to safety is rarely
discussed. It should be noted that it might be difficult to do so, since not all road user behaviour
observation studies have as main goal to evaluate traffic safety.
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9.Chapter 9: Conclusion
Road user behavioural observation studies are mainly used to monitor traffic events and to simply
observe what happens (> 50%). Evaluation of safety improving measures account for one third
of all studies, suggesting that behavioural observation can also be used to directly evaluate traffic
safety aspects. From the 583 studies included in this review, 36% included VRUs. Especially
during the last fifteen years, an increase in research efforts of VRU safety is observed.
Behavioural observations seem very useful for examining how road users interact with other road
users or navigate through a crossing. Almost all studies involving a VRU were found to take place
at some sort of crossing (e.g. intersection, railroad crossing, pedestrian crossing). For studies
involving drivers on the other hand, most current reported research efforts have focussed on road
stretches, in which interaction with other road users was not necessarily required.

Some of the reporting issues found in the included studies suggest that authors do not mention
specifically the inclusion of heavy vehicle drivers in the study, furthermore one of the main aims
of the scoping review was to map out the available literature based on different aspect of the
behavioural observation studies. It was found that many authors did not report the observation
time, day and/or if the observation was carried out in peak traffic or off peak traffic. It was found
that 12% of all studies did not provide any information and that information regarding peak- of off-
peak, daytime or night-time and week or weekend observations was missing in 51%, 44% and
32% of the studies respectively. Additionally, 18% of all studies neglected to specify the sample
size. With the information of observation periods and sample size, the future research can simply
compare the findings with earlier studies but without this information, this can’t be achieved, so
there should be a reporting guideline for authors to include such information i.e. Observation
periods and sample size.

In today’s modern age there is a lot of opportunities for future researchers with state of the art
cameras and technologies to measure road user behavioural indicators which was not possible
in the early days where researchers would only conduct the observation during day times or in
well-lit areas in the dark (parking lots). There have been new research goals in recent years with
video tracking softwares being employed to calibrate or validate simulation models.

This scoping review limited itself to peer-reviewed journal articles published in English only.
Although it was not the aim of this review to depict the current practice everywhere (one is limited
in resources), this research suggests that certain topics have not been subject of research much.
For example, rail road crossings are considered to be a major safety hazard across the EU
(Eurostat, 2016) and powered-two-wheelers are highly represented in crashes (WHO, 2004), but
both were only found sporadically in the review.

The review has also found out that the use of new research designs such as the use of a semi-
controlled research design seems to be promising, since it enables researchers to provoke certain
events of interest.  They are very efficient for observing behaviour which is rare and are also less
time consuming as the event of interest can be provoked by using research confederates. As the
racial bias in Yielding (Goddard et al., 2015), Drivers behaviour to disabled pedestrians (Harrell,
1992), effect of pedestrian stare (Potts et al., 2015) or effect of hand gestures (Zhuang & Wu,
2014) on Yielding behaviour are events that can be very rare on site. The independent variable
in these studies is the presence or absence of stare or hand gestures etc. The rareness of these
events can be dealt by using the semi controlled research design as they can be less time
consuming and efficient to observe the behaviour of road users
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Some researchers have their own favoured ways to do reviews but there should be a science
behind them “science of reviewing”. This documents provides an overview of all the behavioural
observation studies conducted in Natural conditions without road users aware of being observed.
The whole process has been properly documented.

This document can help researchers in transportation domain to view the literature available on
the subject and available gaps in the literature. The documentation of the whole process can help
researchers in replicating results and verifying the review, which was also the aim of the whole
process to make this review an explicit one for the readers to verify as the selected studies were
based on a search protocol and described inclusion criteria.

The research conducted in this review can be extended in many directions, the review can also
be used for a systematic review of a particular topic/domain within the naturalistic behavioural
observation studies of road users.
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ANNEX 1
. In order to guarantee the feasibility and the effectiveness of the search protocol, several
options in the databases were selected prior to the reference retrieval process The table
below shows how the search terms were defined and which filters were used.

Search term: Traffic Behavior AND "Observation OR Safety"

TRID Web of Science Science Direct

“Result Type”
Only articles and papers

“Subject Category”
Design
Highways
Pedestrians and Bicyclists
Policy
Research
Transportation (General)
Vehicles and equipment

“Languages”
English

"Research Areas"
Transportation Sciences
Behavioral Sciences

"Publication Title"
Accident Analysis & Prevention
Journal of Safety Research
Journal of Transport Geography
Procedia – Social and Behavioral Sciences
Safety Science
Transportation Research Part A
Transportation Research Part B
Transportation Research Part C
Transportation Research Part F
Transport Policy

"Topic"
Unite state
Driver
Vehicle
Traffic
Network
Europe
Road
Human
Accident
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ANNEX 2
EndNote was used to management of references and retrieval of articles as a database
of all the studies. It also included the excluded articles (duplcates, not peer reviewed,
research reports etc)
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