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Abstract 

This chapter aims to provide crowd operators with an overview, including the effects of 
crowd management strategies on the pedestrian choice behavior and movement 
dynamics. Crowd management strategies are commonly considered as the deployment 
of steering mechanism. The overview also includes how the profile of a crowd and 
environment influences pedestrian choice behavior and movement dynamics. 
Specifically, the study focuses on the impact of different steering mechanisms and 
profiling factors on pedestrian walking speed, flow rate, pedestrian route choice beha
vior, and pedestrian wayfinding performance. This overview is based on a review of the 
state-of-the-art literature, which is also presented within this chapter. It demonstrates the 
opportunity to employ particular steering mechanisms to manage crowds within a given 
environment. However, the overview also highlights some limitations in the state-of-the- 
art regarding the effects of the steering mechanisms, or even in the broader context of 
crowd management. Specific challenges for future crowd management research are 
discussed, which could provide crowd operators with more insights into the quantitative 
effect of crowd management strategies in a given environment.

1. Introduction

Crowd management is becoming more pressing within pedestrian 
infrastructures over the years. The infrastructures are often constrained in 
size, while witnessing a continuous increase in their pedestrian traffic. This 
leads to congestions and concerns regarding the pedestrian safety. To 
address these issues, crowd management strategies are employed.

The wide variation of crowd management strategies ensure that crowd 
operators have many opportunities to manage the pedestrian in their 
infrastructures. Ideally, state-of-the-art provides empirical studies featuring 
quantitative influences of each crowd management strategy on pedestrian 
behavior. In that case, crowd operators are able to tailor strategies for the 
specific need of their infrastructure, whether it is to prevent congestions 
from happening or to enhance the pedestrians’ level of safety within that 
infrastructure. For example, previous empirical studies have shown that 
strategies such as signage (O’Neill, 1991; Tucker et al., 2018), illumination 
(Taylor and Socov, 1974; Vilar et al., 2013), and built environment features 
(Shahhoseini and Sarvi, 2019; Wang et al., 2020; Zhao et al., 2020) have an 
impact on pedestrian choice behavior and movement dynamics.
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Unfortunately, extracting this type of information from the state-of- 
the-art is not straightforward for crowd operators. There are two key 
reasons that make it complicated to do so. Firstly, the state-of-the-art lacks 
a comprehensive overview of crowd management strategies and their 
corresponding influence on pedestrian behavior. Secondly, the state-of- 
the-art is not complete regarding the effect of crowd management strate
gies, indicating a large range of research gaps. This chapter seeks to address 
the lack of such an overview by providing crowd operators with an 
overview based on the state-of-the-art. Specifically, it focuses on the effects 
of crowd management strategies on different types of pedestrian choice 
behavior and movement dynamics. Within this chapter, the crowd man
agement strategies are defined as the deployment of steering mechanisms to 
manage crowds. Although it is not the aim of this chapter, the overview 
should also identify the research gaps in the literature.

In order to provide an overview featuring the effects of crowd man
agement strategies on pedestrian choice behavior and movement dynamics, 
the crowd dynamics literature should be reviewed. Haghani (2021)
introduces an extensive network mapping the full scope of crowd dynamics 
literature, separating studies into distinct clusters for systematic analysis of 
the literature. The largest clusters in size include pedestrian evacuation 
(e.g., in Chowdhury et al. (2000), Helbing and Molnar (1995), Helbing 
(2001), Kirchner and Schadschneider (2002)), pedestrian dynamics (e.g., in 
Chraibi et al. (2011), Hoogendoorn and Bovy (2004), Moussaid et al. 
(2010), Xia et al. (2009)), pedestrian walking behavior (e.g., in Blue and 
Adler (2001); Gipps and Marksjö (1985), Helbing (1991), Schreckenberg 
and Sharma (2002)), decision analysis (e.g., in Ando et al. (1988), Gwynne 
et al. (1999); Kobes et al. (2010b), Thompson and Marchant (1995)), and 
empirical method (e.g., in Daamen (2002), Haghani and Sarvi (2018), 
Kinateder et al. (2014), Lovreglio et al. (2016b)). The provided references 
are the most cited articles within each cluster, offering a rough under
standing of their content. The first three clusters primarily consists of 
modeling and simulation studies, while the decision analysis cluster is 
strongly associated with fire safety and crowd dynamics in emergency 
situations. This chapter is mostly correlated to the empirical methods 
cluster, although it is not limited to solely this cluster. Since this chapter 
aims to provide crowd operators with relevant information regarding the 
effects of crowd management strategies, this overview focuses on empirical 
findings, as crowd operators require relationships that have been validated 
through experiments.
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Yet, next to the effects of crowd management strategies, this chapter 
includes how the profile of the crowd and the environment can affect the 
pedestrian choice behavior and movement dynamics. Generating a profile of 
the crowd and environment is an essential step in effective crowd man
agement, and is taken before selecting an appropriate crowd management 
strategy. Although the profiling factors of the crowd and the environment 
are not a strategy in itself, they are important input variables when employing 
such a strategy to manage crowds. Crowd operators need to know which 
type of pedestrians are within the environment, because of the characteristics 
of the crowd impact the efficiency of the steering mechanisms. Therefore, 
this chapter includes the influence of both the profiling factors and steering 
mechanisms on pedestrian choice behavior and movement dynamics.

Altogether, the aim of this chapter is twofold. Firstly, to provide crowd 
operators with state-of-the-art information regarding the effects of crowd 
management strategies on pedestrian choice behavior and movement 
dynamics. Secondly, to inform them about how the profile of the crowd and 
the environment can influence that behavior as well. This is achieved by 
providing an overview that include all the effects of the crowd management 
strategies and profiling factors established in the state-of-the-art literature.

This chapter continues with three definitions in Section 2. These defi
nitions give more clarity regarding the pedestrian choice behavior and 
movement dynamics, the profiling of both the crowd and the environment, 
and the steering mechanisms to manage crowds. Thereafter, in Section 3, the 
methodology of this study is introduced, which includes the scope of this 
review, the employed search strategy, and the structure of the overview. 
Accordingly, Section 4 presents a comprehensive review of the existing 
literature with respect to the effects of steering mechanisms and profiling 
factors on pedestrian choice behavior and movement dynamics. An over
view of the state-of-the-art is given in Section 5. This overview is discussed 
in Section 6, highlighting what has been established in the state-of-the-art 
and some challenges for future crowd management research. Finally, this 
chapters ends with a short summary in Section 7.

2. Definitions

This study examines the influence of both steering mechanisms and 
the profile of the crowd and the environment on pedestrian choice 
behavior and movement dynamics. This section is going to provide the 
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definitions of these properties. That is, this section emphasizes what is 
included within the overview and what not. Section 2.1 introduces the 
distinct types of pedestrian choice behavior and movement dynamics that 
are examined within this chapter. Moreover, the specific subset of profiling 
factors are presented in Section 2.2, while the different steering mechan
isms are outlined in Section 2.3.

2.1 Pedestrian choice behavior and movement dynamics
In Chapter 8, the most detailed level of pedestrian movement behavior is 
divided into three levels, namely strategic choice behavior, tactical choice 
behavior, and operational movement dynamics (Hoogendoorn and Bovy, 
2004). At the strategic and tactical level, pedestrians predominantly make 
decisions regarding the planning of their trip. At the operational level, 
pedestrians predominantly make decisions regarding their next few steps 
moving through a space. Decisions on the operational level are influenced 
by both their direct environment and the higher-level goals that result from 
the strategic and tactical levels.

In this chapter, the crowd and pedestrian behavior are examined based on 
the above-mentioned levels of pedestrian choice behavior and movement 
dynamics. In Section 2.1.1, the strategic and tactical choice behavior that is 
considered within this chapter are discussed. Thereafter, the same is done for 
the operational movement dynamics in Section 2.1.2. The types of pedes
trian behavior that are considered in this chapter are highlighted in bold.

2.1.1 Strategic and tactical choice behavior
Pedestrians make decisions at different levels with respect to pedestrian 
route choice, including strategic choice behavior within a road network, 
and tactical choice behavior within complex parts of the infrastructure 
(e.g., intersections). Decisions on both the strategic and tactical level are 
closely linked to pedestrian route choice behavior, but at different levels of 
decision-making. In this chapter, route choice behavior refers to all deci
sions related to local and global path planning of pedestrians, while being 
within a pedestrian infrastructure. This includes, but is not limited to, exit 
choice behavior, path choice inside rooms, path planning within entire 
buildings, and route choice in street networks. To reduce the complexity 
of this chapter, all types of choice behavior at these two levels are defined as 
pedestrian route choice. Thus, this chapter does not distinguish between 
strategic choice behavior and tactical choice behavior, or between the 
different types of route choice behavior.
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It is crucial to establish a distinct definition of what constitutes a positive 
and a negative influence on pedestrian route choice. If a factor influences 
pedestrians to choose route A more often compared to a scenario without 
that factor, the factor is considered to have a positive impact on pedestrian 
route choice. In other words, pedestrians are more likely to adopt routes 
that include this factor. Conversely, if pedestrians choose route A less 
frequently due to the presence of a particular factor, the factor is considered 
to have a negative impact on the route choice.

2.1.2 Operational movement dynamics
At the operational level, pedestrians make short-term decisions on their 
instantaneous response to their intermediate static objects (e.g., doors, 
tables, or pillars) and dynamic environment (e.g., light, moving obstacles, 
or other pedestrians). Within the traffic engineering domain, three variables 
are often used to describe the instantaneous response of pedestrians to their 
dynamically changing environment, namely velocity, acceleration, and 
distance headway. Velocity is a two-dimensional vector that can be 
translated into a magnitude (e.g., walking speed) and directional vector 
(e.g., rotation angle). This chapter only examines the pedestrian walking 
speed, because it is most relevant for crowd operators due to its relation 
with flow rate in the fundamental diagram and capacity. This means that 
this overview excludes studies focusing on the rotational behavior of 
pedestrians (e.g., in Bao (2021), Jin et al. (2017), Yamamoto et al. (2019), 
Zhang et al. (2021)).

Pedestrian walking speed is considered as a microscopic variable. In 
addition to the microscopic variable, this chapter examines two macro
scopic variables to assess pedestrian movement dynamics, namely the flow 
rate and the pedestrian wayfinding performance. The flow rate is defined 
as the average number of pedestrians passing a cross-section of the infra
structure within a defined time period. A high flow rate indicates efficient 
demand processing, whereas a low flow rate in high-demand scenarios is 
correlated with inefficient processing, such as queuing, crowd locks and 
turbulence. As mentioned in earlier chapters, the flow rate is directly 
correlated to the pedestrian walking speed and the crowd density through 
the fundamental diagrams (e.g., in Buchmueller and Weidmann (2006), 
Cao et al. (2018), Fruin (1971), Rastogi et al. (2013)).

Pedestrian wayfinding performance identifies how effectively pedes
trians find their way from their origin A to their destination B (Kuliga et al., 
2019). Various operational properties are encountered in the literature to 
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assess wayfinding performance. Most often, wayfinding performance is 
accounted for in walking time, indicating the time it takes to get from A to 
B (Suzer et al., 2018). Other properties are the walking distance (i.e., the 
total distance of the pedestrians’ path between A and B), number of detours 
(i.e., how often the pedestrian deviated from the most direct route between 
A and B), and number of turns (i.e., number of turns in the route between 
A and B). In all cases, higher numbers for these properties result in a less 
effective performance. Therefore, this review does not differentiate 
between the four measures, but instead examines the pedestrian wayfinding 
performance in a more universal context.

This chapter distinguishes two types of pedestrian wayfinding perfor
mance, as it can severely differ based on the context. Wayfinding perfor
mance is considered in both normal and emergency conditions. Here, 
normal conditions are identified as day-to-day scenarios where pedestrians 
can perform wayfinding on a regular basis. Emergency scenarios are 
identified as any scenario where pedestrians were urged to quickly leave 
their current location and find the (nearest) exit because of potential 
dangers (e.g., fire, flooding and active shooter scenarios). The factors 
influencing wayfinding performance may vary in magnitude between the 
emergency scenario and the ‘standard’ situations. For example, Daamen 
and Hoogendoorn (2012) show that the capacity of the exit is higher in the 
evacuation scenario than in the standard scenario without any signal. 
Therefore, pedestrian wayfinding performance is divided into two types, 
namely pedestrian wayfinding performance under ‘normal’ condi
tions and pedestrian wayfinding performance under evacuation 
conditions. This allows crowd operators to distinguish the impact of the 
context (i.e., normal or emergency scenario) from the impact of the pro
filing factors and steering mechanisms.

This chapter includes both evacuations of buildings and emergency 
scenarios in urban spaces. Even though, the majority of empirical studies on 
pedestrian choice behavior and movement dynamics in emergency con
ditions correlates to indoor evacuations, most of these properties can be 
translated to emergency situations in outdoor urban spaces.

2.2 Profiling the crowd and its environment
Crowd operators should profile the crowd and the surrounding pedestrian 
infrastructure before employing any steering mechanism to manage this 
crowd within their infrastructure. For example, crowd operators often 
employ different strategies to affect choice behavior of young adults attending 
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a musical festival in a rural area compared to that of an elderly crowd moving 
through a city center. Once operators have a profile of their crowd and its 
environment, they should assess the pedestrian choice behavior and move
ment dynamics corresponding to that profile before deciding on any strategy. 
Chapter 5 provides an overview of human factors that influence different 
behavioral aspects of pedestrians. Human factors are an ideal guideline to 
profile a specific crowd and partially the environment. They are considered to 
be either on the individual, social, and contextual level, from which the 
contextual level human factors are primarily about the environment. The 
individual and social level human factors can be used to profile the crowd. In 
Section 2.2.1, the profile of the crowd is discussed in more detail, including 
the profiling factors that are considered and excluded from this chapter. 
Thereafter, the profile of the environment is discussed in Section 2.2.2.

2.2.1 Profiling the crowd
The profile of a crowd can be assessed based on the individual and social level 
of human factors as identified in Chapter 5, from which the social level can 
be separated into the culture characteristics of pedestrians and the group 
characteristics within a crowd. This leads to the three characteristics that 
need to be considered when profiling a crowd, namely the individual and 
cultural characteristics of pedestrians, and the group characteristics within the 
crowd. This chapter does add one restriction to using these human factors to 
profile crowds. Certain properties are difficult to derive from a crowd. For 
instance, crowd operators do not always have the knowledge and expertise 
to directly assess the personality traits within the crowd. Therefore, this 
chapter focuses on profiling the crowd based on properties that are directly 
observable from an individual or the crowd, or at least, accurately estimated.

Following this restriction, the profile of the crowd regarding the 
individual characteristics are limited to ones that can easily be estimated by 
the crowd operators. These characteristics include, but are not limited to, 
pedestrians’ physical characteristics (e.g., age, gender, height, and weight), 
social characteristics (e.g., cultural background), and intellectual char
acteristics (e.g., educational background, and spatial knowledge). 
Additionally, the culture characteristics of pedestrians are excluded in this 
chapter. Chapter 5 defines the culture of pedestrians as the collective 
programming of the mind that separates people into groups. Since the 
collective programming or social mindset cannot be directly derived, or 
even estimated, from a crowd, the culture characteristics of the pedestrians 
are excluded from the profiling of a crowd in this chapter.
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The group characteristics within the crowd include all factors that affect 
pedestrians’ interactions with other pedestrians in their direct environment. 
Specifically, the properties of these interactions that influence pedestrian 
choice behavior and movement dynamics. State-of-the-art literature 
indicates different properties, such as the composition of groups (i.e., group 
formation and size), the type of interactions between the global flow 
directions (i.e., flow ratio), and the microscopic interactions between 
groups of people (e.g., herding and leader-follower behavior). Among 
these properties of group characteristics, this chapter focuses on the com
position of groups and their impact on pedestrian choice behavior and 
movement dynamics. Readers can expect there is an overlap between this 
literature review and Chapter 5. For other properties, readers are referred 
to other literature, such as flow ratio (e.g., in Alhajyaseen et al. (2011), 
Feliciani and Nishinari (2016), Zhang et al. (2012, 2018)), herding 
(Haghani and Sarvi, 2019), and leader-follower behavior (e.g., in Irnich 
et al. (2022), Jones and Hewitt (1986), Moussaid et al. (2010), van der Wal 
et al. (2021)).

2.2.2 Profiling the environment
When crowd operators determine the profile of their respective envir
onments, they focus on two key characteristics, namely the built envir
onment and the physiological and natural environment. As this chapter 
considers the built environment as a steering mechanism, the physiolo
gical and natural environment remains the sole characteristic to profile the 
respective environment. The built environment features are considered 
steering mechanisms following the DIM-ICE model of Still (2014). He 
considers the built environment to be one of the characteristics to 
influence crowds. In particular, when designing a new or improving 
pedestrian infrastructure, the built environment can be used as a strategic 
tool to manage crowds. For that reason, the authors have decided to 
include the built environment features in the category of steering 
mechanisms. That is, the profiling of the environment is considered by 
analyzing the physiological and natural environment. This characteristic 
assesses the climate within the respective environment. Here, climate is 
defined as the general environmental conditions inside a pedestrian 
infrastructure. These conditions include, but are not limited to, rain, 
snow, humidity, and temperature. Moreover, the presence of smoke and 
fire are included in the profiling of the environment.
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2.3 Steering mechanisms to manage crowds
Steering mechanisms are measures that can be used to steer pedestrian choice 
behavior and movement dynamics. They can be employed as a strategy to 
manage crowds in a given environment. This chapter accounts for steering 
mechanisms that can impact the types of pedestrian behavior introduced in 
Section 2.1. That is, the steering mechanisms that are able to influence either 
pedestrian walking speed, flow rate, route choice, or wayfinding performance. 
The DIM-ICE model distinguishes three elements that are able to influence 
crowds (Still, 2014), including design, information, and management. Here, the 
design refers to the physical and spatial characteristics of the built environment, 
information consists of any information provision method (e.g., signage), and 
management refers to all other types of steering mechanisms (e.g., visual and 
aural stimuli). This chapter includes all three elements as potential steering 
mechanisms to manage and control crowds in a given environment.

3. Methodology

This chapter aims to provide crowd operators with information 
regarding the influence of crowd management strategies and corresponding 
profiling factors on pedestrian choice behavior and movement dynamics. 
To achieve this, a literature review was conducted to provide an overview 
of studies featuring empirical findings regarding the relationship between 
pedestrian behavior and profiling factors, as well as pedestrian behavior and 
steering mechanisms. Specifically, the review examines relationships that 
align with the types of pedestrian behavior listed in Section 2.1, the pro
filing factors described in Section 2.2, and the steering mechanisms defined 
in Section 2.3. The literature review is conducted based on the scope 
described in Section 3.1, and the search strategy introduced in Section 3.2. 
Finally, the structure of the overview is presented in Section 3.3.

3.1 Scope
Pedestrian research is a very interdisciplinary field, which features, amongst other 
things, physics and engineering-related (Feng et al., 2022; Fruin, 1971; Older, 
1968; Rastogi et al., 2013), sociological (Bode, 2016; Gorrini et al., 2016; 
Moussaid et al., 2010; Zhao et al., 2016), architectural (Corbetta et al., 2016; Liu 
et al., 2020; Stoker et al., 2015; Sun, 2009) and psychological perspective 
(Drury, 2020; Franek et al., 2014; Sieben et al., 2017; Templeton et al., 2018). 
This chapter is written from an engineering and planning perspective, although 
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the included studies are not necessarily limited to studies from this field. The 
selection of studies for the literature review is entirely based on the defined types 
of pedestrian choice behavior and movement dynamics in Section 2.1, the 
profiling factors in Section 2.2, and the steering mechanisms in Section 2.3.

Crowd operators are primarily interested in relationships that have been 
established with experimental work, as empirical work confirms whether 
an effect exists. Thus, this chapter only accounts for empirical findings that 
identify quantitative relationships between pedestrian choice behavior and 
movement dynamics with the steering mechanisms or profiling factors that 
have been explained in Section 2.

The authors want to highlight that this chapter aims to provide crowd 
operators with sufficient information to employ crowd management stra
tegies. For this purpose, this chapter provides an overview of crowd 
management strategies and their impact on pedestrian choice behavior and 
movement dynamics according to the state-of-the-art. By analyzing this 
overview, crowd operators are able to determine whether particular rela
tionships are established in the state-of-the-art.

3.2 Employed search strategy
Based on the identified scope, a set of keywords was selected to capture 
relevant studies for this literature review. The adopted keywords include 
‘pedestrian’, ‘crowd’, ‘behavior’, ‘dynamics’, ‘movement dynamics’, ‘walking 
speed’, ‘route choice’, ‘flow rate’, ‘wayfinding performance’, ‘evacuation’, 
‘personal characteristics’, ‘social groups’, ‘built environment’, ‘climate’, 
‘crowd management measures, ‘illumination’, ‘lighting’, and ‘aural stimuli’. 
Accordingly, the selected keywords are used individually and in combination 
to identify as many studies as possible that satisfy the predefined inclusion 
criteria. There were no criteria regarding the publication date of the article, 
but only articles published in English, German or Dutch were included in 
the literature review. The search engines Google Scholar and Scopus were 
adopted to perform the literature review search. Furthermore, the snow
balling technique, including both backward and forward snowballing, was 
used frequently to expand the number of studies.

For particular relationships, the state-of-the-art includes many studies. In 
these instances, the literature review in Section 4 only shows a limited amount 
of these studies to avoid dozens of references for a single relationship. It is 
worth noting that the literature review features a variety of findings in the 
state-of-the-art. That is, if a contradiction for a specific relationship exists in 
literature, the literature review presents both perspectives.
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Accordingly, the criteria regarding the scope were adopted to filter the 
studies. After filtering, 171 papers fit within the scope of this research, and 
are presented in the literature review (see Section 4). These papers com
prise the period spanning from 1972 to 2024, and are written by 444 
different authors, 140 of whom were first authors. Table 1 gives descriptive 
statistics of the papers in Section 4, including the authors, the publication 
year, the type of pedestrian choice behavior and movement dynamics, the 
profiling factors, and the steering mechanisms.

Table 1 Descriptive statistics of the literature that has been selected for this literature 
review. It indicates the number of papers per time period, per type of pedestrian 
choice behavior and movement dynamics, per group of profiling factors, and per 
steering mechanisms. 
Descriptive information Classification Number of papers

Articles Number of articles 171

First author’s affiliation 
continent

Africa 0

Asia 60

Europe 75

Oceania 7

North America 29

South America 1

Publication year 1971−1980 3

1981−1990 8

1991−2000 8

2001−2010 36

2011−2020 95

2021−2024 22

Type of pedestrian 
behavior

Walking speed 52

Flow rate 36

Route choice 58

Wayfinding performance 33

Wayfinding performance 
in evacuation

20
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3.3 Introduction to the systematic overview
Based on the identified studies, this chapter provides systematic overview 
of the relation between the types of pedestrian choice behavior and 
movement dynamics (see Section 2.1) and profiling of the crowd and 
environment (see Section 2.2) as well as the steering mechanisms (see 
Section 2.3). Within this chapter, these relationships will be referred to as 
‘factor-behavior pairs’. Here, the term ‘factor’ refers to the profiling and 
steering mechanisms, whereas ‘behavior’ addresses the types of pedestrian 
choice behavior and movement dynamics. The purpose of this overview is 
(1) to indicate that quantitative information exists regarding a factor- 
behavior pair, (2) to record the nature of that relationship, and (3) to 
provide the studies including that information.

The structure of the overview is presented in Table 2. Here, the profiling 
factor (PF) and steering mechanisms (SM) are expressed against the pedes
trian walking speed (WS), flow rate (FR), route choice (RC), wayfinding 
performance in normal scenarios (WP), and wayfinding performance in 

Profiling factors Individual characteristics 65

Social characteristics 19

Physiological and natural 
environment

21

Steering mechanisms Built environment 71

Information and 
management

37

Table 2 The structure of an overview of profiling factors (PF) and steering mechan
isms (SM) in relation to the walking speed (WS), flow rate (FR), route choice (RC), 
wayfinding performance (WP), and wayfinding performance in evacuation (WPe). 

Classification WS FR RC WP WPe

PF …

…

SM …

…
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evacuation scenarios (WPe). The distinct types of profiling factors and 
steering mechanisms will be added to the column ‘classifications’ based on 
the information presented in the literature review (see Section 4).

If a specific factor-behavior pair has not been studied, its corresponding cell 
remains white and empty. When literature provides quantitative information 
regarding a factor-behavior pair, the respective cell is colored and the relevant 
studies are indicated. This overview distinguishes five types of relationships: no 
relationship, monotone decreasing, monotone increasing, inconsistent find
ings, and a relationship that is not necessary positive or negative. A more in- 
depth explanation of these classifications can be found in Section 5.

4. Review of state-of-the-art literature

This section provides the key findings from the state-of-the-art lit
erature review. Within this section, the influences of the profiling factors and 
the steering mechanisms on each type of pedestrian choice behavior and 
movement dynamics are examined. Studies featuring the effects on pedes
trian walking speed are discussed in Section 4.1. Thereafter, Section 4.2
introduces the studies regarding the effects on flow rate. Section 4.3 discusses 
the observed impact on pedestrian route choice. Finally, the effect on 
pedestrian wayfinding performance in normal and emergency conditions is 
discussed in Sections 4.4 and 4.5. For each type of pedestrian choice 
behavior and movement dynamics, the findings are organized into four 
segments; profiling the crowd, profiling the environment, built environment 
features, and other steering mechanisms.

Two remarks should be made. Firstly, this literature review considers the 
influence of pedestrian stress levels. While precise stress levels cannot be directly 
derived from a crowd, there is an element in the environment with an asso
ciation with stress levels. This literature review defines stress levels as a condition 
that triggers people to hurry and is caused by any type of evacuation signal (e.g., 
evacuation alarms). This signal is directly identifiable from the scenario, and 
therefore part of this overview. Secondly, signage is considered to be one of the 
other steering mechanisms. It is not considered as a built environment feature, 
as signage can be dynamically changed in the infrastructure.

4.1 Effects on pedestrian walking speed
Profiling the crowd — The impact of age and gender on pedestrian walking 
speed is homogeneous in literature. Pedestrian walking speed increases for 
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an increment in age for children and decreases for an increment in age for 
adults (e.g., in Cabrera et al. (2016), Gorrini et al. (2015), Pinna and 
Murrau (2018), Subaih et al. (2020), Zhao et al. (2016)). In addition, males 
walk faster than females in different environments, including buildings 
(Zanlungo et al., 2020), parks (Cabrera et al., 2016), and city centers on 
walkways (Laxman et al., 2010), sidewalks (O’Flaherty and Parkinson, 
1972; Polus et al., 1983), and signalized intersections (Montufar et al., 
2007). In contrast to the clearly established influence of age and gender on 
walking speed, the impact of the cultural background is still up for debate. 
Rastogi et al. (2013) and Tanaboriboon et al. (1986) show that Indian 
pedestrians walk slower on sidewalks than those in the UK or the USA, 
whereas Subaih et al. (2020) states that both Indian and Palestinian 
pedestrians walk faster than German ones in a controlled experiment. The 
latter directly contrasts with the findings of the controlled experiment of 
Chattaraj et al. (2009), which shows an equal walking speed for pedestrians 
of India and Germany. The results cannot state whether the contradiction 
originates from other factors, such as the number of males and females in 
the experiment.

Literature also indicates that the context of the scenarios influences the 
pedestrian walking speed (Feng et al., 2022). For instance, Daamen and 
Hoogendoorn (2012) and Dachner and Kinateder (2016) find that pedes
trians increase their walking speed toward and through an emergency exit 
when exposed to emergency conditions compared to normal conditions. 
The same statement holds true on stairways (Yang et al., 2012). Moreover, 
some studies indicate that individual pedestrians walk faster than a group of 
pedestrians (e.g., dyads or triads) in uni-directional and multi-directional 
flows (Gorrini et al., 2015,2016; Moussaid et al., 2010; Zhao et al., 2016), 
highlighting the influence of group size on pedestrian walking speed. 
However, Hu et al. (2020) show that the walking speed of individuals is 
not always higher than that of social groups for a multi-directional flow.

Profiling the environment — A small body of research has been performed 
on the impact of climate on pedestrian walking speed. In particular, it has 
been shown that the effect of temperature on pedestrian walking speed 
should be taken into account (Liang et al., 2020; Rotton et al., 1990). For 
instance, Kimura et al. (2015) show that the average pedestrian walking 
speed is higher in winter than in summer, i.e., the pedestrian walking speed 
is higher at lower temperatures. Pedestrian walking speed increases even 
more when the temperatures are below 0 °C (Dong et al., 2022; 
Weidmann, 1993). However, these two studies are in contrast regarding 
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the pedestrian walking speed at higher temperatures. Weidmann (1993)
states that pedestrian walking speed decreases with higher temperatures 
(i.e., temperatures above 25 °C), while Dong et al. (2022) find a small 
increase in the pedestrian walking speed for high temperature (i.e., tem
peratures above 30 °C). The latter study also observes faster walking speed 
on rainy days than on sunny ones (Dong et al., 2022).

For indoor environments, literature shows that pedestrians reduce their 
walking speed when smoke is present in the environment due to the lack of 
visibility (e.g., in Fridolf et al. (2014), Jeon et al. (2011), Ronchi et al. 
(2018), Xie et al. (2020)).

Built environment features — Literature provides various aspects of the 
built environment that influence pedestrian walking speed. For instance, 
pedestrian walking speed significantly decreases at high-degree bends of at 
least 90∘ (e.g., in Adrian et al. (2018), Dias et al. (2013), Hannun et al. 
(2022), Zhang et al. (2011)). Additionally, previous studies showed that the 
pedestrian walking speed changes when they encounter a bottleneck (e.g., 
in Hoogendoorn and Daamen (2005), Seyfried et al. (2009)). Pedestrians 
also walk faster through urban areas without greenery in comparison to 
urban areas with lots of greenery (Franek, 2013). Next to that, some studies 
investigate pedestrian walking speed on and around stairways (e.g., in 
Burghardt et al. (2013), Corbetta et al. (2016), Frantzich (1996), Köster 
et al. (2019)). For instance, Köster et al. (2019) show that pedestrians walk 
faster on the landing in between stairs than on the stairs themselves. 
Moreover, Corbetta et al. (2016) find that pedestrians walk slower after 
ascending a stairway than when they just descended one. Altogether, one 
can conclude that built environment features impact pedestrian walking 
speed. Nonetheless, a lot of built environment features have not yet been 
well studied, such as the impact of visual accessibility, natural lighting, and 
water bodies on pedestrian walking speed. Thus, much remains to be 
researched about the complex relationship between the built environment 
and pedestrian walking speed.

Other steering mechanisms — Some research has been performed on the 
impact of other steering mechanisms on pedestrian walking speed. Prior 
research indicates that pedestrians decrease their walking speed under 
dimmed lighting conditions in two laboratory experiments (Choi et al., 
2014; Pedersen and Johansson, 2018) and a Virtual Reality experiment 
(Duives et al., 2024). Kesler et al. (2005) also show that older pedestrians 
lower their gait when walking over pathways with almost no lighting. 
However, the field study of Donker et al. (2011) indicate that pedestrians 
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walk faster along dark pathways than along well-lit pathways. Regarding 
the light color, the state-of-the-art does not provide much information. 
Only Duives et al. (2024) find that pedestrians walk faster under colored 
light conditions than under normal light conditions. Here, they compared 
the walking speed of pedestrians between similar environments with white 
(i.e., normal), green, red, and blue colored lights. There was no significant 
difference in walking speed among the three colored light conditions.

In addition, there are some studies regarding the effects of aural stimuli 
(e.g., metronome or background music) on pedestrian walking speed. Styns 
et al. (2007) show that pedestrians walk faster when they synchronize to 
music than when they synchronize to simple rhythmic beats (i.e., metro
nome). For more realistic scenarios, in which pedestrians are clueless about 
the intention of the aural stimuli, pedestrians walk slower with background 
music than without at high densities, i.e., density ρ above 1.0 pedestrians per 
meter (Zeng et al., 2019, 2020). They also observe that there was no dif
ference in pedestrian walking speed between both scenarios below this 
threshold. Also, Meng et al. (2018) show that the average walking speed of 
pedestrians on an urban square is lower with background music than 
without. Moreover, Franek et al. (2014) find that pedestrians increase their 
walking speed when exposed to fast and motivational background music, and 
pedestrians decrease their walking speed when exposed to slow and relaxing 
background music. Another study shows that pedestrians walk faster with 
traffic noises in the background than with relaxation sounds (Franek et al., 
2018). In contrast to the effects of lighting conditions and aural stimuli, the 
impact of signage on pedestrian walking speed is unknown.

4.2 Effects on flow rate
Profiling the crowd — In contrast to the extensively studied relationship 
between pedestrian walking speed and the individual characteristics of 
pedestrians, only a few studies feature findings about the relationship 
between flow rate and these characteristics. The lack of research is sur
prising, given that walking speed and flow rate are directly related through 
a fundamental diagram (e.g., in Laxman et al. (2010), Ren et al. (2019), 
Sarkar and Janardhan (2001)).

Alhajyaseen et al. (2011) find that the maximum flow rate reduced with 
an increment in the age of the pedestrians at cross walks. Similarly, Daamen 
and Hoogendoorn (2012) show that there is a negative relationship 
between the average age of the crowd and the maximum flow rate through 
emergency doors. It is worth noting that both studies focus on the 
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maximum flow rate (i.e., the capacity of the environment), rather than the 
flow rate in general. Furthermore, research provides information regarding 
the impact of pedestrian stress levels on the flow rate. Daamen and 
Hoogendoorn (2012) show that the capacity of an exit is higher during an 
evacuation scenario than during normal scenarios. Also, Yang et al. (2012)
show that both the flow rate and the capacity on stairways are higher 
during emergency conditions.

Some earlier studies have looked at the relationship between flow rate 
and social grouping. Moussaid et al. (2010) show that the flow rate reduces 
because of social grouping due to their ‘non-aerodynamic’ shape (i.e., 
V-pattern and U-pattern at higher densities). Flow rate is also lower in 
crowds with individuals and dyads than in crowds with only individual 
pedestrians for a bidirectional flow with densities above 0.5 pedestrians per 
square meter (Crociani et al., 2019). In contrast, the findings of Bode 
(2016) show that membership in a social group does not affect the flow rate 
in front of bottlenecks.

Profiling the environment — To the best of the authors’ knowledge, the 
state-of-the-art studies do not provide findings regarding the climate’s 
influence on flow rate. As literature clearly indicates a relation between 
climate and pedestrian walking speed (see Section 4.1), one would expect a 
direct relation between climate (e.g., temperature, precipitation, and other 
natural factors) and flow rate. The same holds true for the impact of smoke 
and reduced visibility on flow rate. Though numerous studies address their 
impact on individual walking speed and exit choice (e.g., in Fridolf et al. 
(2013), Ronchi et al. (2018)), the existing literature does not provide any 
research featuring the impact of smoke on the flow rate.

Built environment features — A wide variety of built environment features 
has been studied in relation to flow rate. Previous research has focused on 
the effects of corridor width (e.g., in Adrian et al. (2020), Jin et al. (2021)) 
and exit width (e.g., in Hoogendoorn and Daamen (2005), Ren et al. 
(2021), Wang et al. (2020)) on flow rate in different types of environment. 
Here, the exit width is often studied with controlled experiments at a 
bottleneck (Kretz et al., 2006, Seyfried et al., 2009, Tian et al., 2012). 
Specifically, Adrian et al. (2020) find that the flow rate is not affected by the 
corridor width in front of a bottleneck. The flow rate does increase with an 
increase in the exit door width (e.g., in Kretz et al. (2006), Seyfried et al. 
(2009), Tian et al. (2012)). Notably, Gwynne et al. (2009) point out that 
the flow rate is not only affected by the door width, but also by the design 
of the door (e.g., closing mechanism of the door). Also, Wang et al. (2020)
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show that the flow rate is higher when the exit is located in the middle of a 
wall than in the corner. Another angle in relation to the flow rate and exits 
is studied by Zhao et al. (2020). They showed that the flow rate of the Love 
Parade disaster could have been improved by opening an additional exit.

Another body of studies focuses on the effect of corners on flow rate. 
These studies find that the angle of the corner influences flow rate (e.g., in 
Aghabayk et al. (2020), Dias et al. (2014), Dias and Sarvi (2016), Shiwakoti 
et al. (2011)). For instance, Dias and Sarvi (2016) find that the fundamental 
diagram of density-flow rate was similar for pedestrians walking along 
straight corridors or corridors with a 45∘ angle. They also show that flow 
rate decreases when the turning angle becomes larger than 45∘ in com
parison to the straight corridor. That is, the fundamental diagram of a 
straight corridor does not apply to corridors with sharper angles.

Additionally, existing literature has investigated the impact of the 
merging process of two pedestrian flows (e.g., in Lian et al. (2017), Shi 
et al. (2016), Shiwakoti et al. (2015), Zhang et al. (2011)). In particular, the 
impact of the configuration of pedestrian infrastructure on flow rate. For 
instance, Shahhoseini and Sarvi (2019) show that the flow rate of merging 
streams is higher when the configuration of the infrastructure is symme
trical instead of asymmetric.

Previous studies also provide information regarding the impact of 
stairways on the flow rate (e.g., in Burghardt et al. (2013), Chen et al. 
(2010), Huo et al. (2016), Yang et al. (2012)). Both the influence of the 
slope of the stairs and the direction of movement on the stairs have been 
studied. Yang et al. (2012) observe variations in flow rate among stairs with 
different slopes, but they could not attribute the difference in flow rate to 
the slope of the stair due to the presence of other factors. However, other 
studies suggest that both the flow rate and the capacity decrease with 
increasing slope of the stairs (Burghardt et al., 2013; Graat et al., 1999). 
Regarding the direction of movement, the findings in the literature are 
inconclusive. Ye et al. (2008) show that the flow rate is higher on a des
cending stairway than an ascending stairway, while Chen et al. (2010) finds 
a slightly higher flow rate for an ascending stairway than for a descending 
stairway.

Altogether, state-of-the-art literature provides numerous studies 
regarding the impact of built environment features on pedestrian flow 
rate. Specifically, the influence of corridor and exit widths, corners and 
stairways on the flow rate has been studied intensively over the last couple 
of decades.
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Other steering mechanisms — There is only a limited number of studies 
featuring the impact of other steering mechanisms (i.e., steering mechan
isms considering the information or management of the DIM-ICE model). 
Two studies demonstrate that the flow rate improves by synchronizing the 
step frequency of pedestrians to a slower rhythmic beat (Ikeda et al., 2017; 
Yanagisawa et al., 2012). In a more realistic scenario (i.e., pedestrians were 
not asked to synchronize their step frequency with a rhythmic beat), Zeng 
et al. (2019) find that background music has a negative influence on flow 
rate for densities above 1 pedestrian per meter. Specifically, above this 
density level, flow rate is lower with music of 120 BPM (i.e., beats per 
minute) than with no music or music of 90 and 150 BPM (Zeng et al., 
2020). Also, the type of background music can influence the flow rate. 
Motivational music can increase the flow rate, while non-motivational 
music can decrease the flow rate (Zeng et al., 2022). Notably, the impact of 
other steering mechanisms, such as informational (e.g., signage) and visual 
stimuli (e.g., lighting), on flow rate remains unknown.

4.3 Effects on pedestrian route choice behavior
Profiling the crowd — Previous research has especially studied the impact of 
age and gender on route choice behavior. Most likely because these can be 
easily recorded in experimental settings. Findings of Bernhoft and 
Carstensen (2008) and Hill (1982) show that young adults take more 
complex (e.g., a route with more turns) and dangerous routes (e.g., a path 
where cars are allowed to drive) than elderly. Another study shows that 
children and young adults chose differently when encountering a path with 
red-running lights; adults are more likely to follow the path with red- 
running lights (Künzer et al., 2020). Also, adults above 65 years are more 
likely to walk in routes with higher walkability (Brookfield and Tilley, 
2016). Regarding the pedestrians’ gender, findings show that females take 
both shorter and more complex routes than males (Hill, 1982; Liu et al., 
2020). Also, the used strategy to find their way is different for both genders. 
Women are more likely to rely on landmark-based route information, 
while males are more likely to rely on global reference points (Lawton, 
1994). Others have indicated that males have a better performance and 
accuracy in wayfinding strategy (Lawton and Kallai, 2002; Miller and 
Santoni, 1986; Ward et al., 1986). For elementary students, the gender 
does not affect their route choice (Chen et al., 2010). Notably, the 
motivation to follow a certain path is similar for both genders (Seneviratne 
and Morrall, 1985).
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Literature also shows that the cultural background affects pedestrian 
choice behavior. Pedestrians originated from Japan and the UK have a left- 
handed tendency (Brscić et al., 2014), whereas pedestrians from other 
European countries and the USA prefer to walk on the right side (Corbetta 
et al., 2016). Also, the findings of van Beek et al. (2024b) and Taylor and 
Socov (1974) suggest that pedestrians prefer to follow the right path at a 
T-intersection in the Netherlands and the USA. In addition, pedestrians 
rely on their experiences. Specifically, pedestrians tend to use ‘familiar’ 
exits during evacuations. Here, a ‘familiar’ exit is either the exit they 
entered the building through or the exit they knew from prior knowledge 
(Benthorn and Frantzich, 1999; Kinateder et al., 2018). In contrast to most 
individual characteristics of pedestrians, the literature does not provide 
insights regarding the relationship between the educational background of 
pedestrians and their route choice behavior.

Next to all these characteristics, research shows that pedestrian route 
choice is affected by the stress levels of pedestrians. Pedestrian are more 
likely to choose the nearest exit and take the shortest route to the exit 
during evacuation scenarios (e.g., in Fang et al. (2010, 2020), Feng et al. 
(2022), Kobes et al. (2010a)). Pedestrian also tend to follow routes without 
vertical movement if possible during these evacuation scenarios (Lin et al., 
2020b; Shiwakoti et al., 2017).

Although some studies have shown that social influences affect pedes
trian route choice, there is not much known with respect to the influence 
of group size on pedestrian route choice. While the following studies are 
not within the scope of this chapter, they have been included in the lit
erature overview due to their potential use for crowd operators. Kinateder 
and Warren (2021) suggests that three types of social influence play a role in 
pedestrian exit choice during evacuation. Firstly, the well-known leader- 
follower behavior, i.e., pedestrians are likely to follow both their neighbor 
and the majority of the crowd (e.g., in Feng et al. (2021), Kinateder et al. 
(2018), Moussaid et al. (2016), Nilsson and Johansson (2009)). Secondly, 
pedestrians tend to avoid exits with congestion (Guo et al., 2012; Haghani 
and Sarvi, 2019; Lovreglio et al., 2016a). Lastly, pedestrians prefer to avoid 
exits that nobody is using (Lovreglio et al., 2016b). It is worth noting that 
these studies are not incorporated in Table 1.

Profiling the environment — Little literature studies the impact of the climate 
on pedestrian choice behavior in outdoor environments. State-of-the-art 
indicates that there is a distinct relation between climate and activity choice. 
The pedestrian volume (i.e., the number of pedestrians per time period) is 
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affected by both the temperature and the precipitation, especially during the 
winter months (Aultman-Hall et al., 2009; Fishman et al., 2015; Miranda- 
Moreno and Lahti, 2013). However, these studies are outside the scope, and 
therefore, excluded from the overview in this chapter.

In contrast to the climate, state-of-the-art studies contain insights 
regarding the impact of smoke on pedestrian route choice in indoor 
environments. An experimental study in a hotel shows that smoke drives 
pedestrians toward the nearest exit (Kobes et al., 2009, 2010a). Other 
studies indicate that pedestrian choice behavior is affected by smoke and 
fire, as pedestrian prefer to avoid both of them (Fang et al., 2020; Fu et al., 
2021b, 2021c). Furthermore, pedestrians are likely to walk along the walls 
of smoke-filled tunnels during evacuations (Frantzich and Nilsson, 2004; 
Fridolf et al., 2013; Jin, 2002; Ronchi et al., 2018). Guo et al. (2012) find 
similar behavior during an evacuation drill conducted in a classroom.

Built environment features — Numerous studies show the impact of built 
environment features on pedestrian route choice. The geometrical layout 
of corridors influences pedestrian route choice, as pedestrians prefer to take 
wider paths over narrower one (Feng et al., 2019; Vilar et al., 2013, 2014) 
and to follow a corridor with longer line of sight (Frankenstein et al., 2012; 
Wiener et al., 2012). The local route choice of pedestrians is also affected 
by objects in the corridors, such as walls and obstacles. Pedestrians maintain 
a certain distance from both the walls of the corridor (e.g., in Bosina et al. 
(2016), Habicht and Braaksma (1984), Ma et al. (2010), Moussaid et al. 
(2009)) and the obstacles in the corridors (e.g., in Bosina et al. (2016, 
2020), Chen et al. (2019), Jia et al. (2020)) in order to avoid collisions. 
They also show that the impact of the obstacle on pedestrian locomotion 
varies across different types and configurations of obstacles. For instance, 
the effect of small-scale obstacles (e.g., benches and advertisement boards) is 
relatively small in comparison to the large-scale obstacles, such as pillars 
(Bosina et al., 2020). Even the facade of the building can deviate the 
pedestrians’ path (Sun et al., 2021). Liu et al. (2020) show that the 
pedestrian route choice is strongly influenced by the ‘larger’ built envir
onment, such as exhibitions and shops, at big events.

Others have looked into the pedestrian wayfinding strategy, which is a 
more global route choice. Literature shows contradicting findings regarding 
the pedestrian wayfinding strategy in multi-story buildings, where pedes
trians had to use stairs along their route. (van Beek et al., 2024a; Feng et al., 
2022; Hölscher et al., 2006a) observe that a pedestrian prefers the so-called 
‘floor strategy’, i.e., they initially move toward the floor level of their 

404                                                           Arco van Beek, Yan Feng and Dorine C. Duives 



destination. However, other findings suggest that pedestrians prefer the 
‘direction strategy’, i.e., they start walking to the horizontal position of 
their destination before changing floors (Büchner et al., 2007; Hölscher 
et al., 2009).

Other steering mechanisms — State-of-the-art provides a few studies 
focusing on the impact of lighting on pedestrian route choice. Prior 
research suggests that the brightness of lighting influences the pedestrian 
route choice in two Virtual Reality experiments (van Beek et al., 2024b; 
Vilar et al., 2014), one controlled experiment (Taylor and Socov, 1974), 
and one field experiment Feliciani et al. (2024). They all show that 
pedestrians prefer to follow a path with brighter light conditions over one 
with dimmed conditions. Here, the influence of light brightness has been 
studied on path choice (van Beek et al., 2024b; Taylor and Socov, 1974; 
Vilar et al., 2013) and exit choice (Feliciani et al., 2024). Their findings are 
in contrast to the findings of an experiment at a light festival in the 
Netherlands, which has been described in Buikstra (2021). Regarding the 
influence of light color on pedestrian route choice behavior, Künzer et al. 
(2020) show that pedestrians, especially adults, tend to follow green-run
ning lights into the direction indicated by the lights in a metro station. A 
similar result is found in van Beek et al. (2024b), in which the findings 
indicate a strong preference for a green-lit path within a virtual maze. The 
participants in their study also tend to avoid red-lit paths. Similarly, green- 
flashing lights can influence the pedestrian exit choice positively in eva
cuation scenarios (Nilsson et al., 2008).

Furthermore, a distinct relation between pedestrian route choice and 
signage is presented in the literature. Pedestrian route and exit choice are 
positively affected by different types of signage, i.e., pedestrian often follow 
the path or exit that is being directed by the signage (e.g., in Duarte et al. 
(2014); Feliciani et al. (2024); Filippidis et al. (2009); Galea et al. (2014); 
Nilsson et al. (2008); Rousek and Hallbeck (2011)). Differences in the 
effect of the signage on the pedestrian choice behavior has been found for 
various types of signage. Dynamic signage is observed and followed more 
often by pedestrians than static signage (Duarte et al., 2014; Galea et al., 
2014). Here, the dynamic signage features lit, flashing and running lights 
within an emergency exit sign, whereas the static signage is the standard 
emergency exit sign without any lights. In addition, signage is considered 
clearer when humanoid images are used on it (Rousek and Hallbeck, 
2011). Another method is to direct pedestrians toward a certain exit with 
arrows on LED screens (Feliciani et al., 2024).
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State-of-the-art literature also shows a relation between pedestrian 
route choice behavior and information provision by the crowd operators. 
Information provision varies from static information, such as city maps and 
information booklets, to dynamic information, such as verbal commu
nication by operators or smartphone notifications (Zomer et al., 2015). 
Their findings indicate that WhatsApp notification and LED screens were 
most effective in adapting and confirming location choice behavior. In 
addition, research shows that pedestrians comply with verbal information 
when evacuating that has been provided through a broadcast (Xia et al., 
2021). Their findings indicate that pedestrians change their route choice 
based on the provided information, even when their spatial knowledge is in 
contrast with the provided information. Zomer et al. (2015) highlight that 
pedestrians might misinterpret the information.

4.4 Effects on pedestrian wayfinding performance in normal 
scenarios

Profiling the crowd — Research has been performed regarding the influence of 
individual characteristics on pedestrian wayfinding performance. With 
respect to the age of pedestrians, the wayfinding performance is better for 
younger adults than for older adults (Lee and Kline, 2011; Taillade et al., 
2013; Wang et al., 2018). Additionally, younger pedestrians have a better 
wayfinding performance in terms of route learning, while older pedestrians 
do better in terms of recalling landmarks (Head and Isom, 2010; Lee, 2010). 
Moreover, earlier research shows that males have a better wayfinding per
formance than females (e.g., in Allen and Hogeland (1978), Chen et al. 
(2009), Malinowski and Gillespie (2001)). However, others indicate that the 
wayfinding performance in terms of the use of landmarks, self-location, route 
memorization, and route following is similar for male and female pedestrians 
in indoor environments (e.g., in Harrell et al. (2000), Wang et al. (2018)). In 
contrast to the age and gender of pedestrians, there are no studies featuring 
the impact of cultural and educational background on the pedestrian way
finding performance in the state-of-the-art.

Some studies focus on the impact of spatial knowledge, or familiarity 
with the environment, on pedestrian wayfinding performance. All of them 
find that spatial knowledge positively influences wayfinding performance, 
i.e., pedestrians with more spatial knowledge have a better performance (e.g., 
in Chebat et al. (2005), Ewart and Johnson (2021), Iachini et al. (2009), Lin 
et al. (2019), O’Neill (1992)). For example, the wayfinding performance of 
pedestrians improved significantly when repeatedly exposed to the same 
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environment (Lin et al., 2019). Furthermore, pedestrian wayfinding per
formance is worse when the ‘stress levels’ of pedestrians are increased. Thus, 
the wayfinding performance is worse (e.g., slower egress times) for pedes
trians in evacuation scenarios than in standard ones (Cao et al., 2019; Feng 
et al., 2022; Lin et al., 2019; Meng and Zhang, 2014).

Moreover, social groups seem to have an influence on pedestrian 
wayfinding performance (Bode et al., 2015; Bode, 2016; Köster et al., 
2011). Social groups have lower egress times compared to individual 
pedestrians (Bode et al., 2015; Köster et al., 2011). This is caused by slower 
pre-movement times for social groups at the start of an evacuation, and by 
taking longer to reach an exit (Bode et al., 2015). However, the findings of 
the two experiments in Bode (2016) are inconclusive where one experi
ment shows slower egress times for individuals, while the other experiment 
shows the opposite. They suggest this contradiction might be influenced by 
the learning effect of the participants, that is, participants egress faster when 
running the experiment for the second time. The authors want to highlight 
two overviews featuring pedestrian wayfinding performance. Hu and Bode 
(2023) present a comprehensive overview with respect to the influence of 
group size on the egress time, whereas Dalton et al. (2019) focus on 
pedestrian wayfinding performance from a broader perspective.

Profiling the environment — To the author’s knowledge, existing litera
ture does not provide any studies featuring the influence of climate on 
pedestrian wayfinding performance.

Built environment features — Pedestrian wayfinding performance has been 
extensively studied in various types of infrastructures. These infrastructures 
include, but are not limited to, mazes (Goldiez et al., 2007; Shi et al., 
2021), healthcare facilities (Kalantari et al., 2022; Pouyan et al., 2021), 
library (Kuliga et al., 2019), conference centers (Hölscher et al., 2006a, 
2006b) and university buildings (Feng et al., 2022; O’Neill, 1991). Though 
there is an abundance of studies featuring pedestrian wayfinding perfor
mance, there are fewer studies pinpointing the cause of potential differ
ences between the different types of infrastructures.

Earlier research does show that visual accessibility of the space influ
ences pedestrian wayfinding performance. Natapov et al. (2022) find that 
wall transparency positively affected wayfinding performance, but only 
when pedestrians were still constructing their initial route. Furthermore, 
findings of Lee (2010) show that wayfinding performance was enhanced 
with architectural wayfinding features, such as wall colors, doors, and logos. 
Other significant factors in wayfinding performance are the number of 
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floors (Feng et al., 2022; Hölscher et al., 2006b; Kuliga et al., 2019) and 
floor complexity (O’Neill, 1991).

Other steering mechanisms — There is only one study featuring the impact 
of lighting on pedestrian wayfinding performance. Suzer et al. (2018) find 
that the wayfinding performance is similar for three different white-colored 
lights in terms of travel time and number of errors. Though the number of 
hesitations is different for each light condition, the number of hesitations 
decreased when the correlate color temperature increased from 3000 K to 
12000 K (i.e., from yellowish-white to blueish-white). Further than that, 
the literature does not provide studies featuring the impact of lighting and 
aural stimuli.

Pedestrian decision-making is positively affected by the presence of 
signage, i.e., pedestrians tend to move in the direction that is directed by 
the signage (e.g., in Rousek and Hallbeck (2011)). While the relation 
between pedestrian egress time and signage has been studied more fre
quently in evacuation scenarios (e.g., in Duarte et al. (2014)), it is not the 
case for pedestrian wayfinding performance in normal conditions. For 
normal conditions, a single study has been found showing that signage 
improved pedestrian wayfinding performance under normal conditions 
O’Neill (1991).

4.5 Effects on wayfinding performance in evacuation 
scenarios

Profiling the crowd — Though the literature review already shows distinct 
influences of both the age and gender of the pedestrian wayfinding per
formance in normal conditions, there are limited studies regarding indi
vidual characteristics of pedestrians in evacuation scenarios. Findings of 
Fang et al. (2020) showed that younger, male and higher-educated indi
viduals have a better wayfinding performance in terms of evacuation time 
compared to older, female and lower-educated individuals in a virtual 
square room with multiple obstacles. In addition, there is no difference in 
wayfinding performance in terms of evacuation time between children 
between the ages of 11 and 15 years old (Vanumu et al., 2020). Regarding 
the cultural background, Lin et al. (2020b) find that the wayfinding per
formance was similar in three cultures; Chinese, American, and English. In 
addition, pedestrians also demonstrated improved wayfinding performance 
during evacuations when they had pre-existing spatial knowledge of the 
building (Lin et al., 2020a).
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Laboratory experiments indicate that pedestrian wayfinding performance 
in terms of egress time depends on the group size. Crowds composed of 
smaller groups of 2 or 3 pedestrians have slower egress times than a crowd of 
individuals (Bode et al., 2015; Haghani and Sarvi, 2019; Lu et al., 2017). 
However, when considering groups of 4 or more pedestrians, the egress time 
becomes faster in comparison to crowds composed of individuals (Cuesta 
et al., 2021; Haghani et al., 2019; Von Krüchten and Schadschneider, 2017). 
Additionally, the findings of Xie et al. (2020) indicate that the influence of 
group size on the egress time differs for different visibility levels. Social 
groups have slower egress times than individuals when normal visibility is 
considered, however, these groups have faster egress times with lower levels 
of visibility. Meanwhile, other studies show pedestrian wayfinding perfor
mance is affected by social influence in terms of leader-follower behavior 
during emergency conditions (e.g., in Fu et al. (2021b, 2021c); Kinateder 
et al. (2014); Lin et al. (2020b)).

Profiling the environment — Yet, wayfinding performance in evacuation 
scenarios is not studied in relation to the impact of climate. The impact of 
smoke has been considered in the literature, though not by many, as most 
studies focus on the individual walking speed. Research shows that the 
presence of smoke reduces the wayfinding performance in terms of egress 
time (Kobes et al., 2010a). The findings of Xie et al. (2020) show slower 
egress time when the visibility of participants is reduced in emergencies, 
although they did not use smoke within the laboratory experiment. They 
use eye patches to simulate the vision loss caused by smoke.

Built environment features — The state-of-the-art literature presents various 
built environment features that affect pedestrian wayfinding performance in 
evacuation. Lin et al. (2020b) showed that pedestrians tend to follow hallways 
rather than stairs when directional information, such as signage and crowds, are 
excluded from the environment. It has also been found that pedestrians tend to 
find their way, especially based on vertical outdoor light, ascending stairs, and 
doorways during evacuations (Sun, 2009). In addition, the wayfinding per
formance in terms of evacuation time is also positively impacted by the width 
of the door (Vanumu et al., 2020), width of the corridors (Vilar et al., 2013, 
2014) and the walls of the environment (Fridolf et al., 2013).

Steering mechanisms — There are barely any studies focusing on the 
impact of both visual and aural stimuli on pedestrian wayfinding perfor
mance in evacuation scenarios. Only the findings of Kinkel et al. (2017)
indicate that the wayfinding performance in terms of the egress time is 
negatively influenced by darkness.
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The influence of signage on pedestrian wayfinding performance in 
evacuation scenarios is studied more often, in contrast to its impact on 
wayfinding performance in normal conditions. All findings agree that the 
wayfinding performance improves when signage is present in the pedes
trian infrastructure (e.g., in Duarte et al. (2014), Fridolf et al. (2013), Kinkel 
et al. (2017), Tang et al. (2009), Tucker et al. (2018)). In addition, 
information provision helps pedestrians, and especially wheelchair users, to 
make the correct decision regarding the route choice, leading to fewer 
mistakes and a lower egress time (Feliciani et al., 2020). The pedestrian 
egress time also decreases when verbal information is provided when 
evacuating (Tucker et al., 2018).

5. An overview of the state-of-the-art

Section 4 presents an overview of the literature, highlighting the 
state-of-the-art knowledge concerning the relationship between pedes
trian choice behavior and movement dynamics with the profiling factors, 
as well as with the steering mechanisms. Specifically, the factor-behavior 
pairs that fall within the definitions that are introduced in Sections 2.1, 
2.2, and 2.3. To provide crowd operators with an overview of the lit
erature, this section organizes the reviewed literature according to the 
systematic structure in Table 2 and integrates it to Table 3. This table 

Table 3 An overview of literature regarding the factor-behavior pairs within identified 
literature. Here, the numerical identifiers refer to the references in Appendix A. Symbol 
* means that there are more studies regarding the specific factor-behavior pair, 
whereas ∧ indicates that one or more studies are related to the impact on the 
pedestrian capacity (i.e., the maximum flow rate). This overview accounts for five 
distinct types of factor-behavior pairs: (1) positive influence (green cells), (2) negative 
influence (red cells), (3) no influence (yellow), (4) inconclusive influence (magenta 
cells), and (5) other influence (cyan cells).  
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serves as a structured overview to summarize the literature for the factor- 
behavior pairs within the scope of this study. It highlights the effects of 
both the profiling factors and the steering mechanisms on the different 
types of pedestrian choice behavior and movement dynamics, including 
pedestrian walking speed, flow rate, route choice behavior, wayfinding 
performance in normal conditions, and wayfinding performance in eva
cuation conditions.

To facilitate a better understanding of the overview in Table 3, 
baseline conditions are added in brackets next to the factors. They specify 
how these factors should be interpreted in relation to the different types 
of pedestrian choice behavior and movement dynamics. For instance, the 
word ‘older’ in brackets behind the factor ‘age’ indicates that the focus of 
the relation should be on the impact of increasing age when examining 
the factor-behavior pair. That is, the different types of pedestrian choice 
behavior and movement dynamics of older pedestrians are compared to 
those of younger ones. Similarly, the word ‘Asian’ in brackets behind the 
factor ‘cultural background’ emphasizes that one should consider the 
impact of Asian pedestrians on the pedestrian choice behavior and 
movement dynamics relative to those from other continents. For 
example, the pedestrian walking speed of Asian pedestrians in comparison 
to the walking speed of European or American pedestrians. Notably, the 
stripe in brackets next to the factors indicates that it is about the presence 
of that specific factor.

Table 3 has three main purposes, which were introduced in Section 
3.3. Firstly, to indicate that quantitative information exists in literature 
regarding a factor-behavior pair. When the cell of a factor-behavior pair is 
empty (i.e., a white cell without any textual content), it means the 
corresponding factor-behavior pair has not been established in the state- 
of-the-art literature. All not-empty cells indicate that some types of 
relationship of the respective factor-behavior pair have been established. 
This leads to the second function of Table 3, which is specifying the 
nature of each relationship. This overview classifies five different types of 
factor-behavior pairs, each visualized in a different color. A green-colored 
cell represents a positive impact of a particular ‘factor’ (i.e., a distinct 
profiling factor or steering mechanism) on a ‘behavior’ (i.e., a specific 
type of pedestrian choice behavior and movement dynamics), meaning 
that the behavior will increase or improve when the specific factor is 
implemented or increased. On the other hand, a red-colored cell indi
cates a negative impact of a factor on the behavior, meaning that the 
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behavior will decrease or deteriorate when the specific factor is imple
mented or increased. When the cell is yellow-colored, it means the factor 
does not impact that type of pedestrian behavior, i.e., the type is insen
sitive to that specific factor. A magenta-colored cell denotes that no clear 
statement can be drawn regarding the factor-behavior pair due to 
inconclusive results in the literature (e.g., both a positive and negative 
effect have been established in literature). Lastly, the cyan-colored cell 
indicates a distinct relation between the dynamic and the factor, although 
the relationship is not necessarily positive or negative. These classifica
tions of the factor-behavior pairs allow for a more structured overview of 
the state-of-the-art literature.

The third purpose of the overview is to provide the scientific studies 
featuring the specific factor-behavior pairs. For each factor-behavior pair, 
the overview indicates which studies feature that relationship. All studies 
that have been integrated into the overview are allocated with a numerical 
identifier. The legend of these identifiers is presented in Appendix A. 
Moreover, this overview allows for a maximum of four studies per factor- 
behavior pair. If Section 4 includes more than four studies for a single 
factor-behavior pair, this abundance is indicated with the symbol ⁎. 
Additionally, this overview denotes the deviation of the flow rate with the 
symbol ∧, meaning that some studies look at the impact of a factor on the 
maximum flow rate (i.e., the capacity) of the pedestrian infrastructure, 
rather than the flow rate.

The overview in Table 3 features the term ‘built environment fea
tures’ as one of the steering mechanisms. This term is adopted to identify 
all characteristics of the built environment that have been found to 
influence pedestrian choice behavior and movement dynamics. These 
features vary from static (i.e., non-movable) to dynamic (i.e., moveable) 
obstacles in the environment through which the pedestrians move. These 
include, but are not limited to static elements such as walls, doors, fences, 
stairs, and facades, as well as dynamic obstacles like fences and dynamic 
gates. These built environment features can be part of an outdoor and an 
indoor pedestrian infrastructure. Given the wide range of built envir
onment features, the authors decided to accumulate the findings of all 
features into a single overarching influence to simplify the overview. 
This overarching term indicates whether the built environment can 
influence specific types of pedestrian behavior. Readers are referred to 
Section 4 when they require the effect of a specific built environment 
feature.
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6. Discussion on the challenges for future crowd 
management research

The overview in Table 3 aims to (1) determine whether factor- 
behavior pairs are established in the existing literature, (2) identify the 
nature of this relationship, and (3) provide the studies that have empirically 
examined it. This section focuses on the relationships that are included in 
that overview, or in other words, it discusses the reviewed literature. This 
discussion is based on identified challenges for future crowd management 
research. Each of these challenges is discussed in its own section, with each 
section aiming (1) to summarize the findings within the overview, (2) to 
identify the challenge for crowd management research, and (3) to indicate 
the importance for crowd operators.

The potential research directions and challenges for crowd management 
studies are determined based on the overview in three ways. Firstly, the 
systematic overview identifies 29 empty cells, indicating that the respective 
factor-behavior pairs have not been established in the state-of-the-art lit
erature. Secondly, the magenta-colored cells indicate that the state-of-the- 
art provides inconclusive findings regarding the particular factor-behavior 
pair (e.g., studies present findings that contradict each other). Table 3
shows six inconclusive factor-behavior pairs. Lastly, all cells without the 
symbol ⁎ shows there has been little research on that factor-behavior pair. 
Although the factor-behavior pair has been shown by one to four studies, 
the relationship needs more research to validate these findings. All three 
approaches will identify challenges for future crowd management research, 
however, not all of them are as relevant. Some factor-behavior pairs are less 
interesting from a scientific perspective, whereas some are less essential to 
crowd operators.

To this end, three challenges have been identified by the authors. The 
first challenge is about the steering mechanisms and their influence on 
pedestrian choice behavior and movement dynamics. The overview 
identifies that particular steering mechanisms are able to influence distinct 
types of pedestrians behavior, yet, many corresponding factor-behavior 
pairs are either not established or only examined from one perspective. 
Section 6.1 provides a discussion on these steering mechanisms by sum
marizing the established factor-behavior pairs and highlighting other pairs 
that require further study. Secondly, the second challenge is to study all 
types of crowds in future crowd management research. Therefore, the 
influence of the crowd’s profile is discussed in Section 6.2. Specifically, the 
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effect of individual characteristics of pedestrians on the pedestrian choice 
behavior and movement dynamics will be discussed, highlighting both 
established and missing factor-behavior pairs. Thirdly, the overview 
identifies the lack of relation featuring the flow rate. This might be an issue, 
as the crowd flow rate is a commonly used property to manage crowds by 
crowd operators. Thus, the third challenge is to identify the effects of 
crowd management strategies on flow rate, and is discussed in Section 6.3. 
These challenges have been identified, as they are relevant for both 
researchers and crowd operators. Among these challenges, the first one is 
directly associated with the objective of this chapter, while the second is 
related to the profile of the crowd. The last challenge is discussed due to 
their relevance for crowd operators.

This discussion section is closed with an intermezzo, briefly deviating 
from the challenges for crowd management research. The authors want to 
emphasize the importance of case studies, in which multiple factors 
coherently influence pedestrian choice behavior and movement dynamics. 
This is briefly discussed in Section 6.4.

6.1 Challenge 1: Steering mechanisms are in its infancy
Crowd management strategies are of utmost importance to manage pedestrian 
flows efficiently in various environments. These strategies are already 
employed by crowd operators within their pedestrian infrastructures, often 
using specific steering mechanisms to guide the crowd. Although particular 
strategies have been shown to influence crowd dynamics within real-life 
environments, they are often employed without knowing the quantitative 
influence of each strategy. The effectiveness of these crowd management 
strategies can be improved by providing crowd operators with this quantitative 
relationship, such that they can utilize it in their pedestrian infrastructures.

This literature review identifies whether the effects of steering 
mechanisms on pedestrian choice behavior and movement dynamics are 
established, and if so, they are briefly reported. These steering mechanisms 
are commonly employed as a strategy to manage crowds. The reviewed 
literature indicates that each steering mechanism influences a particular type 
of pedestrian choice behavior and movement dynamics. However, it also 
indicates that certain factor-behavior pairs are either not validated by 
multiple findings or not studied at all. In order to systematically summarize 
the effects of the steering mechanisms on pedestrian choice behavior and 
movement dynamics, the steering mechanisms are reviewed and discussed 
one by one.
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Firstly, the overview in Table 3 shows an abundance of studies on the 
effect of built environment features on pedestrian choice behavior and 
movement dynamics. This highlights the importance of profiling the 
existing pedestrian infrastructure and considering changes to the built 
environment as a strategy for crowd management. Readers are referred to 
Section 4 for a specific built environment feature.

Secondly, the overview shows that both the lighting brightness and 
lighting color influence pedestrian route choice. Specifically, the pedestrian 
route choice is positively affected by both well-lit paths and paths with 
green-colored paths. For now, crowd operators should notice these qua
litative trends, rather than the quantitive details. The quantitative influence 
of lighting on pedestrian route varies between the different studies, which 
suggests that the effectiveness of light conditions is affected by its sur
roundings and the crowd navigating. In addition, the overview indicates 
that there are inconclusive findings regarding the effect of the lighting 
brightness on pedestrian walking speed. Some studies showed that pedes
trians walked slower in dimmed conditions, while another research found 
the opposite. Again, the findings suggest that certain variables are affecting 
the relationship between lighting brightness and pedestrian walking speed. 
In contrast to the effects of lighting on pedestrian walking speed and 
pedestrian route choice, the relationship between lighting and pedestrian 
wayfinding performance is still missing from the state-of-the-art literature. 
Although lighting might play a crucial role in reducing egress time (e.g, by 
enhancing visibility of signs), little is known about the impact of ambient 
lighting on the pedestrian wayfinding performance. Overall, this highlights 
the need for further research: (1) to understand how light conditions 
influence pedestrian choice behavior and movement dynamics, and (2) to 
examine how the effectiveness of these influences varies across different 
types of crowds and environments. This is especially important, as lighting 
is an interesting steering mechanism for crowd operators. Managing crowds 
with lighting is cost-effective, easy to adopt within existing pedestrian 
infrastructure and offers a high degree of flexibility in its implementation, 
given that it is already present in most infrastructures.

Thirdly, the overview shows a relationship between aural stimuli and 
two types of pedestrian choice behavior and movement dynamics. Previous 
studies have shown that different aural stimuli (i.e., rhytmic beats, back
ground music, and traffic noises) influence both pedestrian walking speed 
and flow rate. However, these findings are not validated with multiple 
studies. In addition, the relationships of aural stimuli with both the 
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pedestrian route choice and pedestrian wayfinding performance have not 
been established in the reviewed literature. Overall, more research is 
required regarding the effects of aural stimuli on pedestrian choice behavior 
and movement dynamics, such that crowd operators can employ crowd 
management strategies based on flow rate.

Lastly, the overview provides two established relationships with respect 
to signage and any other method of information provision. In particular, 
the presence of signage or other information provision positively affects 
both the pedestrian route choice behavior and the wayfinding performance 
in evacuation scenarios. Crowd operators can use these steering mechan
isms to guide pedestrians into specific directions within their environments. 
Although the influence of information (e.g., signage) on the pedestrian 
walking speed and the flow rate remains unexplored, it is less interesting as 
the primary function of providing information is to help pedestrians 
navigate through the environment (i.e., influencing route choice behavior 
and wayfinding performance).

In conclusion, although crowd management strategies are often used in 
practice, the scientific literature is still in its infancy. While some studies 
provide quantitative arguments for specific crowd management strategies, 
more research is required to fully understand the effect of each strategy on 
pedestrian choice behavior and movement. This remains highly challen
ging due to the codependency between crowd management strategies and 
the infrastructure. Other elements influence the effectiveness of crowd 
management strategies. Crowd operators can use the state-of-the-art lit
erature to identify suitable crowd management strategies, however, their 
decision to employ a specific strategy should not be based solely on it. For 
now, the state-of-the-art literature is not able to give quantitive relation
ships regarding the effects of steering mechanisms.

6.2 Challenge 2: Studying more individual characteristics of 
pedestrians

Profiling the crowd is an essential step before employing any steering 
mechanism as a strategy to manage the crowd. This overview includes the 
individual characteristics of the pedestrians that are directly observable in a 
crowd, or at least can be accurately estimated. The overview identifies 
numerous established relationships between the individual characteristics of 
pedestrians and their choice behavior and movement dynamics. The effects 
of age have been established on pedestrian walking speed and pedestrian 
wayfinding performance. Older adults walk slower and have worse 
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wayfinding performance compared to young adults. Additionally, males 
walk faster, make different route choices, and have mostly a better way
finding performance than females, highlighting the effect of gender on 
pedestrian walking speed, route choice, and wayfinding performance. The 
cultural background of pedestrians also affects the pedestrian walking speed.

Despite all these established relationships, challenges remain in pro
viding crowd operators with a more complete overview. The overview 
exposes different factor-behavior pairs that have either been explored in a 
few studies or not at all. Notably, the influence of individual characteristics 
on pedestrian wayfinding performance in evacuations is barely studied. 
This indicates that the state-of-the-art provides limited information on 
how specific groups (e.g., elderly crowd) behave in emergency scenarios. 
This lack in itself is already a research direction for future research. 
However, within this section, two other challenges regarding the indivi
dual characteristics are discussed. Both challenges are important to consider 
when reviewing the literature.

Firstly, the overview indicates that there is little studies featuring the 
impact of educational background on pedestrian choice behavior and 
movement dynamics. The findings of Fang et al. (2020) show that higher- 
educated pedestrians have a better ability to escape during a virtual 
evacuation compared to lower-educated pedestrians in terms of lower 
evacuation times. However, there are no other studies either validating 
this finding or demonstrating an impact of educational background on 
another type of pedestrian choice behavior and movement dynamics. 
One of the challenges of crowd management research is to study the 
effect of pedestrians’ educational background on the different types of 
pedestrian choice behavior and movement dynamics. This is important as 
most laboratory students within pedestrian research are performed with 
university students, highlighting the importance to understand the effects 
of educational background on pedestrian choice behavior and movement 
dynamics.

Secondly, this section addresses a challenge not explicitly mentioned in 
the overview or literature review, but one that should still be considered. 
The majority of studies are conducted with young adults in good physical 
conditions, giving rise to a limitation in the state-of-the-art.

Firstly, the majority of studies are conducted with young adults in good 
physical conditions, giving rise to a limitation in the state-of-the-art. As 
crowd operators need to design safe environments satisfying the needs of a 
diverse population, knowledge of the pedestrian behavior of these 
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populations needs to be provided. For example, the pedestrian behavior of 
children, the elderly, and people with disabilities needs further study in 
order to design safe environments close to schools, nursing homes and 
special care facilities. By conducting these studies, architects can have a 
better understanding of how to design environments that satisfy the needs 
of all individuals within that environment. It should be noted that literature 
already provides some studies featuring children (e.g., in Biassoni et al. 
(2018), Künzer et al. (2020)), elderly (e.g., in Lee (2010), Ren et al. 
(2019)), and disabled people (e.g., in Fu et al. (2021a), Sharifi et al. (2017)). 
However, more studies are required to establish their relationships with the 
different types of pedestrian choice behavior and movement dynamics. 
Furthermore, there is a need to investigate the relationship between types 
of crowds (e.g., football hooligans and festival visitors) and pedestrian 
choice behavior and movement dynamics.

6.3 Challenge 3: Identifying the effects of crowd management 
strategies on flow rate

Crowd operators often use flow rate to determine how efficient their 
infrastructure is in managing the crowd. Therefore, it is essential to provide 
them with sufficient information regarding the flow rate, particularly how 
specific steering mechanisms, profiles of the crowd, and profiles of the 
environment influence it. Table 3 indicates that only three profiling factors 
and two steering mechanisms have been studied in relation to the flow rate. 
Yet, none of these relationships have been validated with multiple findings. 
This highlights the lack of studies regarding the effects of both profiling 
factors and steering mechanisms on crowd flow rate. In order to provide 
crowd operators with essential information and a more complete overview, 
future crowd management research should focus on flow rate as one of its 
research endeavors.

In traffic engineering, there are three metrics strongly correlated in the 
fundamental diagrams, namely density, walking speed, and flow rate (e.g., 
in Laxman et al. (2010), Rastogi et al. (2013), Sarkar and Janardhan (2001), 
Weidmann (1993)). While the influence of age, gender and cultural 
background on pedestrian walking speed has been established, there is little 
known about the effect of these characteristics on flow rate. For instance, 
while numerous studies show that the pedestrian’s age influences their 
walking speed, a similar effect is expected for flow rate because of the flow- 
speed relationship in the fundamental diagram. However, two studies show 
that increasing age decreases both the flow rate and the capacity within the 
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environment. This indicates that the influence of a certain factor - either a 
profiling factor or a steering mechanism - on the pedestrian walking speed 
is rarely used to study its influence on the flow rate as well.

6.4 Intermezzo: Case studies consistently include different 
effects

The overview in Table 3 shows the wide variety of ‘factors’ that affect 
pedestrian choice behavior and movement dynamics. Here, the term 
‘factors’ include different types of steering mechanisms and any property to 
profile the crowd or environment. However, these factors are often 
examined in isolation, whereas in real-life scenarios, all these factors are 
intertwined, leading to a complex interaction between different profiling 
factors and steering mechanisms shaping the pedestrian choice behavior and 
movement dynamics. The transition from laboratory and VR experiments 
to real-life scenarios rise two important questions. Firstly, can one accu
rately pinpoint the underlying cause driving the observed pedestrian 
behavior within an environment? In other words, can one determine 
which factors have the most significant impact on pedestrian behavior in 
that particular environment? This information can help crowd operators 
manage crowds efficiently within their environment. Secondly, which 
profiling factors influence the effectiveness of different steering mechan
isms? In other words, which steering mechanisms are effective for one 
specific crowd but ineffective, or less effective, for another? This is essential 
information for crowd operators to ensure that they do not employ 
unsuitable crowd management strategies.

These questions are challenging to answer, yet, they are crucial to fully 
understanding the relationships between the profile of the crowd, the 
profile of the environment, and the steering mechanisms. Although 
laboratory and VR experiments show interesting results regarding the 
effects of crowd management strategies on pedestrian choice behavior and 
movement dynamics, they often reduce the variables that might influence 
pedestrian behavior to maintain control. That is, they often exclude the 
complex interaction between different profiling factors and steering 
mechanisms. These complex interactions are only present within case 
studies, which are defined as a research method to study the influence of 
crowd management strategies on pedestrian behavior within real-world 
environments. Thus, studies that implement crowd management strategies 
in existing pedestrian infrastructures, and analyze the effects of these stra
tegies on the pedestrian choice behavior and movement dynamics.
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It would be interesting to conduct more of these case studies in future 
crowd management research. Also, a database of different case studies 
featuring crowd managements is highly recommended, including the 
implemented crowd management measure (e.g., implementation of signage 
to influence exit choice), details of that implementation (e.g., the signs 
feature flashing lights), the profile of the crowd (e.g., mostly young adults), 
profile of the environment (e.g., temperature is 10 °C), and a description of 
the built environment (e.g., a station hall). This way, crowd operators can 
directly learn from case studies with similar environments, and maybe even 
employ similar crowd management strategies as in these studies.

7. Summary

This chapter provides a literature review aiming to inform crowd 
operators with respect to the effects of crowd management strategies on 
different types of pedestrian choice behavior and movement dynamics. 
Crowd management strategies are defined as the deployment of steering 
mechanisms to manage and control the crowd within a given environ
ment. As it is essential to know the characteristics of the crowd and the 
environment before employing any steering mechanism, the literature 
review also includes how the profile of the crowd and the environment 
features influence pedestrian choice behavior and movement dynamics. 
Specifically, this chapter presents the effects of the profiling factors and 
the steering mechanisms on pedestrian walking speed, crowd flow rate, 
pedestrian route choice behavior and pedestrian wayfinding performance. 
In order to collectively assess the reviewed literature, this chapter includes 
an overview of the factor-behavior pairs, namely relationships between 
the profiling factors, steering mechanisms and pedestrian choice behavior 
and movement dynamics. This overview aims to identify the existence of 
a factor-behavior pair, characterize the nature of that relationship, and 
reference the studies that examine them.

The overview demonstrates the opportunity to use particular steering 
mechanisms to manage crowds within a given environment. Built envir
onment features are a highly effective measure to affect pedestrian choice 
behavior and movement dynamics, highlighting the importance of pro
filing the environment for crowd management. Additionally, existing 
studies have established that lighting conditions (i.e., light intensity and 
light color) can affect pedestrian route choice. Lastly, the state-of-the-art 
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includes studies showing that information provision (e.g., signage) has a 
consistently positive impact on pedestrian route choice and pedestrian 
wayfinding performance in evacuation, indicating that information pro
vision can serve as a crowd management strategy.

Next to the effects of steering mechanisms, research has shown the 
importance of identifying the profile of the crowd and its given envir
onment. The overview includes the impact of different profiling factors 
on pedestrian choice behavior and movement dynamics, including the 
effects of individual characteristics of pedestrians, group size, and the 
climate in a given environment. These effects highlight that pedestrian 
choice behavior and movement dynamics strongly depend on the crowd 
and the environment they navigate. For example, a crowd of young and 
healthy adults at a music festival behaves differently from an elderly 
crowd navigating a city center.

Nonetheless, the overview also highlights some limitations in the state- 
of-the-art regarding the effects of the profiling factors and steering 
mechanisms on pedestrian choice behavior and movement dynamics. 
Specifically, the overview identifies the factor-behavior pairs that are 
missing, scarcely studied, or have inconclusive findings in the state-of-the- 
art. Three challenges for future crowd management are identified, 
including examining the effects of particular crowd management strategies, 
studying different types of crowds (e.g., crowds including pedestrians with 
disabilities), and addressing the effects of crowd management strategies on 
flow rate.
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