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SUMMARY OF PRESENT DISSERTATION

The present thesis primarily focused on understanding the role of the socio-physical 
environment of Stratumseind –  an urban nightlife setting and living lab in Eindhoven – in the 
development of aggressive behavior, and on developing a methodology to investigate effects 
of physical interventions, in particular light interventions, in the context of such a living lab. 

In a first explorative study, we aimed to gain an in-depth understanding of how human 
behavior, including aggression, evolves on Stratumseind through person-environment 
interactions. Employing qualitative methods – unstructured observations and interviews 
with visitors, bar owners, and police – atmosphere was identified as a pivotal concept 
and core attribute of this socio-physical context, which might be potentially influencing 
the crowd’s behavior. Atmosphere can be sensed, it is dynamic and is defined through the 
crowd’s moods, behaviors and changes in the physical environment that result from human 
action (e.g., amount of broken glass on the street).

In subsequent studies we developed and tested measurement tools that allowed for 
capturing the dynamic changes in atmosphere in a quantitative manner. Based on our 
atmosphere definition, we developed and tested two such instruments: one quantifying 
objective atmosphere components and one assessing atmosphere through atmosphere 
appraisals. To assess possible effects of light on atmosphere, two of these studies included 
a lighting manipulation, in which experimental street lighting scenarios were tested against 
regular street lighting. 

Considering the time-intensive methodologies reported above, two additional chapters 
investigate whether the efficiency of data collection in a living lab context such as 
Stratumseind could be improved. First, we explored the possibility of employing third parties 
already present in the field – in our case Stratumseind stewards – in the data collection 
process. Although with several limitations, the results suggest that using experience sampling 
techniques with such external partners can increase data collection efficiency. Second, we 
investigated whether atmosphere could be captured without real-time in-situ observations. 
For this purpose, we used our newly developed atmosphere instruments on video recordings 
of Stratumseind; videos systematically recorded with the existing Closed Circuit Television 
(CCTV) security system. This too appeared to be a promising way of capturing certain, though 
not all, aspects of the atmosphere.

Finally, regarding lighting interventions, after having established a reliable and sensitive 
measure of atmosphere, we were able to observe statistically significant effects of the 
lighting manipulation in the second intervention study on several atmosphere measures. 
Although observed effects are really small, our results suggest that warmer (compared to 
cooler) street lighting might increase bustle and liveliness components of atmosphere on 
Stratumseind and thus subsequent behaviors of the crowd. In sum, the thesis does not only 
identify a novel concept—atmosphere—behind the development of aggression in urban 
nightlife areas, but also demonstrates that it can be measured, effectively and efficiently, 
and perhaps be influenced by interventions in physical space.
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0
1 Getting familiar with the context
Let us take a walk! Stratumseind is a small, 
relatively narrow street where nearly every 
building is a bar of one or the other kind. 
It is closed to motorized vehicles except 
for delivery and emergency services, so it 
is mainly used by pedestrians and cyclists 
during the day. During the work week and at 
daytime in the weekends, it is quite deserted, 
but on weekend nights, Thursdays through 
Saturdays, it draws large crowds. The street is 
divided into three parts: the ‘long end’ (from 
the Catarina church to the ‘little square’), the 
‘little square’ in the middle and the ‘short 
end’ (from the square up to the bridge to 
Stratumsedijk); (see Figure 1, Chapter 3). 
Entering Stratumseind from the Catarina 
church on one of the weekend nights around 
10:00 PM, virtually all the bars on the left and 
the right of the street are open. If the weather 
allows, then people enjoy their dinks on the 

terraces. On busy and warm nights, many 
stand on the street, just outside the terrace 
lines. If it is really busy, the walking pace is 
slow and irregular, as people in the crowd 
try to find good spots to have a drink, look 
for familiar faces, or just try to get through 
to the other end of the street. Usually, there 
is loud music coming from inside the bars, 
laughter, talks and colorful party lights in the 
surroundings. Bar owners and their staff try 
to attract visitors to their pubs by promoting 
happy hours or other types of deals for drinks. 
As one passes the Old Courthouse, which is 
now a restaurant during the day and a bar 
at night, Stratumseind begins to feel a little 
more spacious, because of the side street that 
serves as one of the three main entrances to 
Stratumseind. At this location one can see 
people gathering, having chats, and deciding 
to which bar they want to go. This is also 
where police officers often stand and observe 

Images of Stratumseind. Personal archive (2014)
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the crowd, since from here they get a good 
view of both sides of Stratumseind. Further 
ahead is the last section of the long end 
before we reach the little square. 
The little square is spacious. The art 
monument in its center is occasionally used 
as a meeting point or a resting place. Later at 
night it may also become an object to climb, to 
show off your skills for a group of tipsy friends. 
Two side streets are connected to the square. 
These are the other two side entrances to 
Stratumseind, also used by motorized police 
for patrolling. The little square houses only 
a few bars and not all of them are open. It’s 
much quieter, darker, and a lot less crowded 
here. However, scattered all over the place, 
without a particular order, very brightly lit 
signs, and sometimes even buildings, attract 
one’s attention when walking by. 
As we move towards to the short end, we 
see that this part of Stratumseind is not 
only much shorter but also slightly wider as 
compared to the long end. There is an ATM 
machine and sometimes we encounter a line 
of people waiting to draw cash. Some bars are 
out of business on the short end of the street; 
this part of Stratumseind is quieter and more 
spacious than the first part of Stratumseind, 
however still full of life. Because of the lower 
density of people, here it is much easier to see 
what people are doing and to which bar they 
‘belong’; some are just hanging out on the 
street without a clear goal, chatting, observing 
others, or smoking. We pass the coffee shop 
where soft drugs are sold, a couple of loud 
bars targeting specific visitors (e.g., electro 
music lovers, Dutch music lovers) before we 
reach the end of Stratumseind at the small 
bridge over the Dommel stream. 
Stratumseind thus is a city area with a 
clearly demarcated function, dedicated for 
nightlife. However, besides the festive and 
generally positive vibe on the street, one 
also observes intoxication, noise, and a range 
of inappropriate behaviors. These, more 
negative events, thus, was one of the reasons 
that stimulated the municipality of Eindhoven 
to take the first steps to enhance safety and 

to try to understand factors that contribute 
to violence and discomfort on Stratumseind 
by establishing Stratumseind 2.0 living lab 
(ENoLL, 2018; Verschuren, 2014; Aan de 
slag met de Omgevingswet, 2018; Stadenco, 
2018). Today, in Stratumseind 2.0 living 
lab, various scientific and design initiatives 
aimed at improving the safety, livability and 
attractiveness of the area are taking place 
(Gerwen, 2013). One of such projects is the 
De-escalate – a research project, under which 
the research reported in the present thesis 
was conducted. 

2 De-escalate
The studies reported in the current thesis 
were all performed in the context of the De-
escalate project, an NWO-funded project 
in the Creative Industries sector, which was 
aimed at exploring the potential of contextual 
interventions, in particular lighting, in 
preventing or defusing (potentially) 
aggressive events. Contextual influences, 
although acknowledged in aggression 
research (e.g., Anderson, Berkowitz, etc.), 
are rarely considered in strategies aimed to 
defuse escalated or escalating situations. 
Instead, most of the de-escalation techniques 
and management plans involve trained 
professionals (e.g., care staff in wards, police, 
security) and are applied in very specific, 
aggression-prone contexts (e.g., mental 
care institutions, prisons) (e.g., Wright, Van 
Voorhis, Salisbury & Bauman, 2012). The De-
escalate project was conceived to investigate 
light as a means to influence escalations/
aggression in large, public areas as well as 
mental health care facilities. Why light, one 
may ask? 
In relation to aggression and escalations, 
light has been found to influence various 
psychological variables that play a prominent 
role in the onset of aggressive behavior, such 
as arousal, affect and sociality. Various studies 
have demonstrated the marked influence 
of (indoor) lighting on moods and other 
affective states (e.g., Knez & Enmarker, 1998; 
Knez & Kers, 2000). Furthermore, studies 
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0
concerning people’s perception and social 
distance suggest that light influences how we 
see others and how we behave with them. 
For example, Gergen, Gergen and Bartman 
(1973) suggest that in the dark people tend to 
become more intimate and touchy. Baron and 
colleagues (1991, 1992) suggest that under 
warm dimmer lighting conditions people 
tend to rate others higher (i.e. performance 
appraisal), encounter more positive feelings 
and exhibit more helping behaviors that 
would be beneficial in the tense situations. 
In another study, warm dynamic lighting, 
resembling a calm breathing pattern, was 
found to induce relaxation and reduce arousal 
levels (Wan, Ham, Lakens Weda & Cuppen, 
2012). In the context of urban environments, 
street lighting has been shown to influence 
our safety perception (Rijswijk, Haans & de 
Kort, 2012; Haans & de Kort, 2012; Pena-
Garcia, Hurtado & Aguilar-Luzon, 2015) and 
was found to potentially aid in the prevention 
of unwanted behaviors and crime (Welsh & 
Farrington, 2008; Painter, 1996).  Bright light 
enriched in the blue part of the spectrum has 
been shown to significantly increase arousal 
levels (e.g., van Bommel, 2006; van Bommel 
& Beld, 2004).
In design research, scholars have been 
studying lighting design in built environments 
and its influence on people’s perception of 
the place (e.g., Casciani & Rossi, 2014), as 
well as investigating how light is used as a 
means to create ambiences (e.g., Bille, 2015) 
or could be used to induce psychological 
states or influence behaviors (e.g., Casciani 
& Musante, 2016). For centuries already, 
lighting in theatre has served to attract and 
direct attention. Indeed, as a contextual 
attribute, light is much easier to manipulate 
than, for example, architectural or urban 
planning components, such as street width, 
building facades, terrace lines, or other 
physical barriers.
The central research goal of the De-escalate 
project was to investigate the psychological 
pathways through which light might be 
affecting the aggressive or escalated 

behaviors, and to apply this knowledge in 
designing innovative lighting solutions, which 
could be tested in real-life settings. These 
goals were translated into three subprojects 
in De-escalate. The first project was strongly 
theory driven and set up to investigate 
psychological mechanisms influencing the 
relationship between light and aggression 
in controlled laboratory settings (the work 
of Anne Schietecat, e.g., Schietecat, Lakens, 
IJsselsteijn & de Kort, 2018). The other 
two projects were focused on translating 
available knowledge about relationships 
between light and aggression into lighting 
scenarios and testing the effects of these in 
two real life settings – in the Stratumseind 
living lab and in a mental health care facility 
in Eindhoven (GGZe, the work of Nicole 
Weelen). As may be clear by now, the current 
thesis concerns the De-escalate subproject 
on Stratumseind. Setting up our research 
project in Stratumseind living lab offered us 
direct access to a real-life context susceptible 
for aggression. The initial aims of De-escalate 
Stratumseind were thus to investigate how 
aggression in an urban nightlife setting unfolds 
and whether intelligent street lighting – used 
as a contextual manipulation – could be used 
to defuse potentially aggressive situations. 
However, as the research described in the 
present thesis unfolded, the complexity of 
the naturalistic setting and the drawbacks 
of conventional methodology influenced 
and reshaped the original goals of the De-
escalate Stratumseind project. Before any 
interventions could take place, to understand 
how aggression unfolds and what role socio-
physical environment plays in it, we explored 
the context of our studies – Stratumseind. 
Here we learned that aggression in naturalistic 
setting is extremely difficult, if not impossible, 
to measure directly. Latter made us rethink 
to what extent and how can we answer our 
initial research questions. This thesis thus, 
is primarily focused on understanding how 
the socio-physical environment influences 
aggressive behavior in the context of 
Stratumseind living lab and developing 
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methodologies to measure the possible 
mechanism underlying this relationship: the 
atmosphere. And although, we did employ 
lighting interventions in the majority of 
our field work, it is important to note that 
conclusions about its effectiveness are still 
limited, because the empirical interventions 
on Stratumseind occurred simultaneous with 
the method development process. 
Before we outline the structure of this thesis, 
in the following section we would like to in 
briefly introduce the concept of living lab and 
the importance of studying human behavior 
in a naturalistic setting as done in present 
research. 

3 Living-labs 
Although the term ‘living lab’ is broadly used 
there is no single, agreed upon, definition 
describing this concept. First mentions of the 
term are often assigned to the research that 
was conducted by prof. William (Bill) Mitchell 
at MIT. In his studies he used purposely-built 
environments to observe and analyze every 
day activities and living patterns of people, 
who voluntarily adopted the experimental 
areas as their home for a period of time (MIT 
House_n Research Group, 2018). 
Nowadays, a living lab is no longer necessarily 
pinned on a particular physical location, but 
rather it is a complex phenomenon that 
encompasses methodology, organization, 
system, arena/environment and a systematic 
innovation approach in a field setting 
involving the end user (Bergvall-Kareborn, 
Eriksson, Stahlbors & Svensson, 2009; 
Leminen, Westerlund & Nystrom, 2012). 
According to the European Network of 
Living Labs (ENoLL, 2016), living labs offer 
multiple benefits to the parties involved. 
To name a few, users are able to influence 
the developments of products, services, 
or interventions; companies and research 
institutions get easy and direct access to the 
field and its end users, and are able to do cost 
efficient adjustments to their developments. 
Furthermore, living labs allow governing 
institutions to open up local innovations 

to new actors, e.g., young entrepreneurs, 
architects, urban planners, etc., and so 
enhance the creative sector that is crucial 
for innovation. Last, living labs, by involving 
multiple stakeholders, stimulate collaboration 
and knowledge transfer locally as well as on 
a global level (e.g., internationally, via living 
lab networks of European cities/countries). 
Research presented in the current thesis 
benefited from living lab as real life context 
available to conduct behavioral research in. 

4 Human behavior in a real life 
setting
The surrounding socio-physical context 
influences humans on various levels. It can 
modify our moods, attitudes and influence 
behaviors, whilst we, with our presence, in 
turn change the environment. This transaction 
between persons and their environment is the 
core subject of the environmental psychology. 
Environmental psychologist research person-
environment interactions with the aim to 
understand how the environment influences 
human behavior and wellbeing, and to use 
this knowledge to improve our everyday 
environment. The approach of environmental 
psychologists ranges from studying single 
interaction between particular environmental 
stimuli (e.g., noise, crowding, temperature, 
etc.) and human wellbeing or behavior, to 
defining integral theories trying to capture the 
whole complexity of the relationship between 
people and their environment (Gifford, 1996). 
One of such theoretical approach especially 
relevant to us is that of ecological psychology. 
Ecological psychologists argue that human 
behavior is defined by both psychological 
processes (the way individuals perceive and 
process their immediate surroundings) and 
the ecological environment (the objective 
context of behavior; Barker, 1968). Thus, 
behavior is best understood by studying 
human-environment interaction where it 
happens (i.e., in situ), where both individual 
qualities and characteristics of the context are 
considerable, and unneglectable influences 
on behavior (Goldstein, 1994). 
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Laboratory research, in contrast, is devoid 
of such a natural context (or at least natural 
circumstances are hardly ever recreated 
in the lab). As a result, and this will be 
elaborated upon in Chapters 1 and 2, 
ecological psychologist have argued that 
laboratory studies reveal how people behave 
in the contrived situation created by the 
experiment, but not how they would behave in 
their everyday environment (their ecological 
environment, or niche as biologist would say; 
see e.g., Wicker, 1979). The core concern 
of environmental psychologists, whether 
conducting laboratory or field research, 
is external validity: the generalizability of 
research findings to the “real world” (i.e., the 
ecological environment of their participants). 
Controlled laboratory experiments, of course, 
are important as they provide the causal 
evidence needed to determine the pathways 
and mechanisms through which a particular 
aspect of the surrounding environment can 
affect human behavior, affect and cognitions. 
As we will explain in more detail in Chapters 
1 and 2, most research on aggression has 
been conducted in the laboratory and this 
research has been tremendously successful in 
uncovering affective and cognitive, as well as 
physiological mechanisms behind aggressive 
behavior. Although this research generally 
acknowledges the importance of context 
(or the environment) in the development of 
aggression, it—because it never re-creates 
fully the ecological environment—has little 
external validity. Similarly, and perhaps 
more obviously, applied research focusing 
on interventions aimed at changing human 
behavior and / or well-being—such as the 
lighting interventions considered in the 
De-escalate project—should not just be 
conducted in the laboratory, but in the actual 
environment in which it is intended to be used. 
Demonstrating causal links between a certain 
light stimuli and a certain desired behavior 
in the controlled laboratory environment is 
important, but these only reveal what light 
is capable of within the contrived, and often 
artificial, context of the lab. To demonstrate 

that a similar lighting manipulation has an 
effect in the real world really is something 
completely different.
In problems of advanced mathematics, finding 
solutions becomes increasingly difficult 
with an increasing number of variables and 
unknowns.  Similarly, the increasing number 
of variables and unknowns in this transition 
from the laboratory studies to the field 
(i.e.,  our ecological environment consist of 
many, often interrelated factors affecting our 
behavior, which, in contrast to the laboratory 
environment, cannot all be measured, let alone 
controlled) makes the process of modeling, 
and fact-finding to become increasingly 
difficult. In other words, the complexity of 
the real world and the lack of experimental 
control pose challenges, both when the 
aim is to uncover the mechanisms behind 
certain behaviors, such as aggression, and 
when the aim is to demonstrate convincingly 
the effects of a particular intervention (as 
evidenced, for example, by the difficulties 
encountered when demonstrating the effect 
of street lighting on crime reduction, or the 
effect of blue light on suicide rates). Such 
challenges, however, should not be shunned, 
but instead methods and procedures should 
be developed to adequately deal with them. 
Living labs are a rather novel idea that offers 
a potential answer to this challenge.  As 
outlined above, living labs are situated in the 
ecological environment of the participant 
and as such research conducted in living labs 
has higher ecological validity. Moreover, the 
technological characteristics of living labs, 
such as their elaborate sensor-networks 
and long term data collection and storage, 
create a potentially powerful tool to aid 
environmental psychologists in capturing 
more easily the complexity of the real world. 
For the research presented in this thesis, the 
Stratumseind living lab was important, not 
just because it was situated in a well-defined 
urban context susceptible to occurrences 
of real-life aggression, but because the 
existing Stratumseind 2.0 constellation of 
stakeholders – Eindhoven municipality, 
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business and academic partners – also 
offered access to various recourses (e.g., 
statistical data from police and municipality 
about aggressive incidents, about numbers 
of visitors in Stratumseind, access to bar 
owners and other relevant stakeholders) 
necessary to get to know and understand 
the context and to conduct field research. 
Importantly, conducting research within the 
Stratumseind 2.0 living lab, besides offering 
an opportunity to investigate aggression in 
a naturalistic setting, also ensures longevity 
to our research finding: In contrast to typical 
field research, in which a specific site is 
subject to investigation only temporarily, the 
Stratumseind living lab will remain for years 
to come, and already facilitates smaller and 
larger research and design projects. As such, 
any findings resulting from this thesis will 
either find direct application on Stratumseind 
or will be used in, or inspire future research 
projects conducted in it. 

5 Structure of this book
Conducting research in the living lab offered 
us various benefits, but also posed a number 
of challenges. After the final field study was 
wrapped up, we reflected on myriad aspects 
of working in the living lab. These ranged 
from setting up and conducting a field 
study in the living lab, through collaborating 
with other stakeholders and partners in the 
project, to personal, and not always pleasant, 
experiences of working late nights in the field 
during the data collection period. Although 
these musings typically would not turn up 
in scientific reports, we felt that they might 
be relevant to readers, partly to – true to 
an ecological perspective - contextualize the 
work reported in the scientific chapters, but 
also to inform those contemplating to engage 
in living lab research. This book, therefore, 
consists of two story lines: the formal 
empirical chapters (Chapter 1 to Chapter 8) 
reporting on the field studies performed in the 
period of this project, and three intermezzos 
(Intermezzo 1 to Intermezzo 3) which are the 
author’s personal reflections on the context 

and process of the research carried out over 
the past years.
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Theoretical framework and  outline of this thesis
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1 Urban nightlife 
Berlin is one of the capitals of urban nightlife 
in Europe. Many people travel to Berlin to 
immerse themselves in a fantastic range 
of nightlife experiences. It is there that we 
find one of the world’s most famous techno 
clubs – Berghain. Berghain is well known for 
its lines forming at the door as the darkness 
slowly unfolds over Berlin’s sky. Its door policy 
is so strict that a team of web designers 
launched an online game (berghaintrainer.
com) as a friendly joke to let people polish 
their door routines when talking to the club’s 
doorman. When GQ magazine interviewed 
Berghain’s security head Sven Marquardt, 
who is probably the world’s most famous 
bouncer, he said that this strict club’s door 
policy is mainly aimed to create a safe and 
friendly environment, where people would 
be able to forget about the existence of time 
and space and fully experience the music. 
A typical Berghain party lasts from Saturday 
00:00 till Monday 12:00. But of course, not 
all the nightlife activities are about such, 
rather extravagant, clubbing experiences and 
not every going out night has to end in an 
all-nighter. One way or the other, attractive 
nightlife is of significant importance to the 
social and economic wealth of urbanized 
areas and, thus, nearly every city or village 
has a place dedicated to ‘night owls’. In the 
past few decades cities have been (and still 
are) transforming to satisfy people’s desire 
for excitement and entertainment at night 
(Hollands & Chatterton, 2003; Chatterton & 
Hollands, 2002; Grazian, 2009). Nightlife is 
thus produced and branded to attract more 
visitors and to put cities ‘on the map’ as 
hotspots for night entertainment (Hollands 
& Chatterton, 2003). Yet, some argue that 
modern nightlife is oversaturated and facing 
problems with socially relevant issues, such as 
social segregation or alcohol related violence 
(Hollands & Chatterton, 2003; Shaw, 2010). 
Indeed, the hospitality industry, including 
nightlife, forms a part of a city’s identity and 
plays an important role in the social as well 
as cultural life of city dwellers and visitors 

(Grazian, 2009; Gemeente Eindhoven, 
Economie & Cultuur, Economische Zaken 
en Arbeidsmarkt, 2014). It is thus important 
that at least to some extent it is surveilled by 
municipalities and regulated by governmental 
policies. In Eindhoven, the Netherlands, for 
example, ‘Out with parents’ is a social program 
offered by the municipality for parents to get 
to know where their children will be going out 
in the (near) future. It acquaints parents with 
the city’s nightlife context, introduces the 
risks of alcohol and drug abuse amongst the 
young, and provides an overview of common 
problems in a nightlife setting (e.g., violence 
and aggression). ‘No glass, no glory’ was 
another, but temporary, campaign launched a 
few years ago by the Eindhoven municipality 
and Polyground (now Stad&Co) that aimed 
to educate patrons to not take beer glasses 
out of the bars. The reason behind this action 
was the excessive amount of broken glass 
on the street, which often contributed to an 
unwanted descriptive social norm, and posed 
harm and health risks to other visitors. Such 
campaigns are good examples of friendly and 
non-intrusive ways to educate patrons and 
raise awareness amongst society members 
about what is going on in the nightlife context. 
Yet too much surveillance may result in lack of 
excitement and adventure during a night out, 
which is one of the main reasons that people 
chose to go out (Hubbard, 2005). Thus, all in 
all, to create an attractive and well-functioning 
nightlife scene, a healthy balance between 
safety, wellbeing and excitement is important 
(van Liempt & van Aalst, 2012). However, 
still, perhaps one of the most challenging 
problems facing nighttime economy today 
is the health and safety risk associated with 
alcohol and drug intoxication, such as (alcohol 
related) aggression (Calafat & Juan, 2004; 
Hughes, Anderson, Morleo & Bellis, 2007). 
According to the 2014 info sheet of the 
Netherlands Institute of Mental Health 
and Addiction (NIMHA) – Trimbos Instituut 
– aggression in the Dutch nightlife areas 
amongst others includes vandalism, 
disruption of public order, and verbal abuse, 



1

24

intimidation, violence against other patrons 
and aggression against police officials or bar 
staff. And, although several major influences 
on nightlife aggression are recognized, e.g., 
alcohol consumption, personal characteristics 
and qualities of the surrounding social and 
physical environment (NIMHA - Trimbos 
Instituut CCV, 2014), the problem of 
aggression persists. Thus aggression in urban 
nightlife is a topic of great societal relevance 
and scientific interest. From a practical point 
of view, various governmental (e.g., Dutch 
safe nightlife programs, since 1998) and non-
governmental (e.g., Safer Nightlife – New 
Net, 2018) programs are being employed to 
deal with nightlife aggression in cities and 
regions. Similarly, aggression is widely studied 
in the field of psychology and a broad range 
of literature can be found on the topic of 
aggression. Most of this research, however, 
focuses on theoretical models and laboratory 
studies (e.g. Bushman, Baumeister & Phillips, 
2001; Rule, Taylor & Dobbs, 1987) and thus, 
with some exceptions (e.g., Graham’s et al. 
field studies of alcohol related aggression, 
2004, 2006), we still know very little about 
how this behavior emerges in naturalistic 
urban nightlife settings. In the present thesis 
we present a number of studies aimed to 
understand and study the onset of aggressive 
behaviors in one of the main nightlife areas 
of Eindhoven (NL), focusing in particular on 
contextual influences on aggression. Before 
describing explicit research goals and the 
outline of this thesis, let us introduce the 
reader with a definition of aggression and 
existing theories of aggressive behavior. 

2 Aggressive behavior
Aggression is amongst the most instinctual 
and natural behaviors in the animal world. 
Aggression is a behavior observed in most 
species and, from a biological perspective, 
can be divided into intra- and inter-species 
aggression (Lorenz, 2002). The latter, 
according to Lorenz (2002) is a type of 
aggression that forwards evolution and is 
responsible for development of fighting 

behaviors in all animals. Inter-species 
aggression is further divided into three major 
categories: predator aggression aimed to 
feed the animal of prey (e.g., a lion hunts 
and eats the buffalo); ‘mobbing’, which is 
a common type of aggression in an animal 
world to scare off a predator (e.g., crows 
attacking a cat during the day, as they are 
hunted by the cat at night); and fear elicited 
aggression – a self-protective mechanisms 
that turns on if an animal is trapped and 
there is no hope for mercy (e.g., the attack 
of a hen on any object that goes too close 
to her chicks; Lorenz, 2002). While inter-
species aggression contributes to balanced 
co-existence of different species (everyone 
has its place on a food chain), the intra-
species aggression serves as a natural way 
of surviving amongst the ones of the same 
kind. In particular, it contributes to an even 
spread of the same species across a given 
area (e.g., to have enough food, partners to 
mate with) or is used to fight the competition 
for sexual or other dominance reasons (e.g., 
be the dominant male of the wolf pack; 
Lorenz, 2002). In this light, the intra-species 
– in particular human to human – aggression 
is of interest in our work. Lorenz (2002) 
argues that human aggression is also rooted 
in evolution and his views have contributed 
to the development of evolutionary 
psychology theories on aggression (e.g., Buss, 
Shackelford, 1997) and other behaviors. First, 
human had to learn to fight other predators 
(e.g., dangerous animals), then settle in and 
conquer the territories, and finally fight the 
hostile neighboring tribes. Moreover, in 
humans as well as in other highly developed 
animals, aggression plays and imminent role in 
societal structures: It helps to set leadership, 
acknowledge status and other hierarchical 
boundaries necessary for the formation and 
existence of communities. However, Lorenz 
also adds that aggression in humans to some 
extent has evolved into extreme ‘warrior 
virtues’ that are no longer ideal for the survival 
of humanity. Indeed, as much as aggression 
is natural and necessary in this social world, 
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it may also have severe consequences for a 
healthy and safe society. Thus, it is broadly 
studied in different fields, such as sociology, 
psychology and neuroscience. 
Somewhat contrasting the view on this 
biological, instinct-based theory of aggressive 
behavior is the perspective of social 
constructivism described by Averill (1983). He 
suggests that human emotions and behaviors, 
such as anger and aggression, although 
originating from biological evolution, are 
social constructs and “not biological givens or 
the products of strictly intrapsychic processes” 
(Averill, 1983; p.1146). He further argues 
that to fully understand how human anger 
and aggression evolve we need to study how 
these social constructs form and function in 
the social context of today. All in all, literature 
suggests that aggressive behavior in humans 
is both imprinted by evolution and learned in 
the context of our society. 
In the field of psychology, human aggression 
is typically defined as “any behavior directed 
toward another individual that is carried out 
with the proximate (immediate) intent to 
cause harm” (Anderson & Heusmann, 2003, p. 
298). In addition, researchers have considered 
categories of aggression, differentiating, 
for example, affective aggression (i.e., 
impulse aggression which is mainly ruled 
by emotions), instrumental aggression (i.e., 
thought-through / planned aggression), 
direct or indirect aggression (i.e., hitting or 
shouting directly at a victim vs. manipulation 
of the social situation or climate), or any 
fusion of these (Anderson & Carnagey, 2004; 
Tuinier, Verhoeven & Egger, 2009). However, 
aggression seems to be better represented as 
a continuum rather than being divided across 
strict dichotomous categories. For example, 
some instrumental aggression may still 
contain hostile affect (Anderson & Heusmann, 
2003). Thus, Anderson and Carnagey (2004) 
suggest that acts of aggression can be better 
characterized along four dimensions that 
consider the “degree of hostile or agitated 
affect present, [degree of] automaticity (of 
behavior), degree to which the primary or 

ultimate goal is to harm the victim versus 
benefit the perpetrator, [and] degree to which 
consequences were considered” (p.172). 
This, more elaborate, definition of aggression 
does better justice to the complexity of this 
behavior and the various forms that it can 
take. Not surprisingly, an extensive amount 
of research work has focused on aggressive 
behavior and several models explaining the 
biological and psychological mechanisms 
behind it have been derived. In the following 
section we will outline these theories.   

3 Theories of aggression
One of the most prominent early theories 
of aggression is Dollard and colleague’s 
(1939) Frustration Aggression Hypothesis 
(FAH). FAH states that frustration, caused by 
unsuccessful attainment of personal goals, 
leads to aggression. According to Dollard, all 
aggressive acts are preceded by frustration. 
However, frustration may not always be 
followed by an aggressive act. Dollard states, 
for example, that people are often quite 
able to evaluate/anticipate the possibly 
forthcoming punishment (whether resulting 
from shame, a fine, or a formal sentence), 
the prospect of which, in turn, may prevent 
the expression of aggression. In addition, 
not every aggressive act can be explained 
by frustration. For instance, instrumental 
aggression is usually not guided by frustration, 
but is rather used to achieve other, non-
aggressive, goals. Moreover, aggressive acts 
are not driven by frustration alone. Instead 
it is a social behavior that is very sensitive to 
the context where it happens and many other 
psychological and contextual factors are at 
play. 

3.1� Socio-cognitive�and�social�learning�
theories�of�aggression
Social psychologists believe that social 
behaviors arise from person-situation 
interactions. According to Mischel’s social 
cognitive model (1973), an individual behaves 
differently under different conditions. These 
emitted behaviors are observed by both the 
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performer him or herself and by the others 
in the environment, and are subsequently 
encoded in the cognitive system as a 
personality trait that will influence future 
behaviors. Cognitive social-learning theories 
focus on cognitive processes and behavioral 
patterns of human beings in relation “to the 
specific conditions, that evoke, maintain 
or modify them and which they, in turn, 
change” (Mischel, 1973, p.265). Bandura 
(1971) suggested that people learn social 
behaviors through direct experience, 
observations, and instructions. Accordingly, 
concerning aggression, Bandura (1977, p. 14) 
states: “People are not born with preformed 
repertoires of aggressive behavior; they 
must learn them”. In a number of different 
experiments Bandura was able to show that 
aggressive behavior in children can be learned 
through direct observations of behavior 
performed by models (e.g., family members, 
other society members) over extended 
periods of time (Bandura & Huston, 1961; 
Bandura, 1977). His, perhaps most famous, 
experiments supporting the social learning 
theory of aggression, involved children 
watching an adult aggress towards a Bobo 
doll and afterwards imitating these behaviors 
both in the presence and absence of the 
model (Bandura & Hudson, 1961; Bandura, 
Ross & Ross, 1961). Socio-cognitive and social 
learning theories of aggression emphasize 
the role of these learning processes—which 
are managed by cognitions, and involve 
conditioning, interpretative processes, and 
appraisals of the situation that the individual 
is in—behind aggressive behaviors (Mischel, 
1973, Bandura, 1971, 1991). 
Another important theory based on 
cognitive processing is Berkowitz’s cognitive 
neoassociation theory of anger and 
aggression (Berkowitz, 1998; Berkowitz, 
2012). Berkowitz’s theory extended our 
understanding on how cognitions may 
influence the rise of stimulus-triggered 
aggression. According to Berkowitz (1998; 
1964) negative affect primes hostile cognitions 
that in turn, through behavioral schemas, may 

increase the chance of aggressive behavior. 
In line with this model, several studies have 
shown that environmental conditions, such 
as unpleasantly hot temperatures, may 
create emotional and physical discomfort 
and subsequently increase – indirectly, 
through negative associations – the likelihood 
of aggressive behavior (e.g., Rule, Taylor, 
Dobbs, 1987; Anderson, 2001). Supporting 
Berkowitz’ model is also a body of research 
investigating specific environmental cues, 
present in the surrounding environment, that 
are associated with aggression or violence. 
For instance, the presence of guns was linked 
to increased chances of aggressive behavior 
(e.g., Berkowitz & Le Page, 1967; Bartholow, 
Anderson, Carnagey &  Benjamin, 2005). Also, 
some have used Berkowitz’ theory to explain 
possible negative influences of exposure to 
violent media/videogames (e.g., Bartholow, 
Sestir & Davis, 2005).
Although extremely insightful, these theories 
by themselves do not provide a complete 
picture of how aggression emerges in 
everyday situations. However, they did lay 
the foundations for today’s major models of 
aggressive behavior (Anderson & Heusmann, 
2003): Doge’s Social Information Processing 
Model of Social Competence in Children 
(Dodge, Pettit, McClaskey, Brown & Gottman, 
1986), Heusmann’s Information Processing 
Model For Development of Aggression 
(Heusmann, 1988), and the General 
Aggression Model (Anderson, Deuser, & 
DeNeve, 1995). These models vary in focus, 
scope, specificity and terminology, however 
their outlook on aggression is similar and 
based on the realization that aversive 
stimulation is usually external and situational, 
and that its effect on outcome behavior 
(aggressive or non-aggressive) is moderated 
by various factors, such as negative affect, 
physiological and psychological arousal, 
cognitions elicited by that external situation, 
as well as personality characteristics 
(Anderson & Heusmann, 2003). The general 
aggression model is the most generic and 
encompassing of the three, and thus is most 
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relevant for our research. We outline its main 
structure in the following section.

3.2� The�General�Aggression�Model�
The General Aggression Model (GAM; 
Anderson, Deuser, & DeNeve, 1995) explains 
aggression through a combination of 
environmental (or situational) and person 
(both psychological as well as biological) 
factors. The GAM is founded mainly on 
developmental and socio-cognitive theories 
of human aggression. 
The GAM studies social encounter – ‘a person 
in the situation’ – which is encapsulated in an 
episode (see Figure 1; Anderson, Carnagey, 
2004). This episode represents one iteration 
of social interaction and suggests, as can 
be seen in Figure 1, the cyclical structure 
of GAM. According to the GAM, aggression 
results from the way in which environmental 
stimuli (e.g., temperatures, presence of 
aggressive cues) and person factors (e.g., 
traits, attitudes, beliefs, and biological 
modifiers, such as hormones or intoxication) 
combine to determine an individual’s present 
internal state. In turn, this present internal 

state influences a variety of appraisal and 
decision-making processes through three 
major routes: affect, cognition, and arousal. 
The input variables might influence one, two 
or all three aspects of the present internal 
state at once. Moreover, arrows between 
affect, arousal and cognitions in Figure 1 
indicate that all three aspects of internal state 
might influence each other  (e.g., certain 
affective states may trigger specific cognitions 
or increase arousal). These appraisal and 
decision processes, in turn, determine the 
subsequent action in the social encounter 
(whether aggressive or not). Finally, the 
endorsed action, in turn, becomes an input to 
the next social encounter (i.e., the following 
episode). 
GAM’s broad scope, and clear and generic 
structure make it applicable across different 
disciplines studying aggression (e.g., 
neuroscience or psychology; Anderson 
& Carnagey, 2004), including studies like 
ours, focusing on the contextual influences 
on the rise and fall of aggressive behavior. 
Indeed, GAM has been successfully applied 

Figure 1: one cycle of GAM aggressive episode
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to understand aggression in various contexts, 
for example, to study negative effects of 
discomfort caused by ambient conditions. 
Using GAM, Anderson and colleagues 
(Anderson, 2001; Anderson, Deuser & 
DeNeve, 1995) were able to explain the 
observed negative correlations between 
higher temperatures and aggressive behavior. 
They argue, and in several experiments 
demonstrated empirically (Anderson, 
Anderson, Dorr, DeNeve & Flanagan, 
2000), that higher temperatures cause 
discomfort, which subsequently may give 
rise to negative affect, which in turn primes 
negative cognitions (e.g., hostile thoughts 
or attitudes) and behavioral schemas that 
heighten the risk of endorsing an aggressive 
behavior. Pain has been found to have similar 
effects as heat (Lindsay & Anderson, 2000). 
Moreover, several studies have also used the 
GAM to research possible negative influences 
of media violence on aggression (Bushman 
& Anderson, 2002; Anderson & Bushman, 
2001; Carnagey & Anderson, 2003). In this 
context, the GAM suggests that exposure 
to media violence may increase the risk of 
activating aggression-related knowledge 
structures (e.g., hostility bias, aggressive 
behavior schemas), which in turn may lead to 
aggressive behaviors. As the GAM considers 
both person and situational factors it has also 
been adopted to help understand violence 
(DeWall, Anderson & Bushman, 2011), 
including domestic (Warburton & Anderson 
(2015) and perpetrator violence (Gilbert, 
Daffen & Anderson, 2015). Finally, because 
it takes into account biological modifiers, it 
has also been applied to investigate alcohol’s 
influence on aggressive behaviors (e.g., 
Bushman, Giancola, Parrott & Roth, 2012). 
In the context of our research—an urban 
nightlife area—GAM is particularly interesting 
model, as there will likely be various 
situational factors (e.g., crowding or noise in 
the urban nightlife scene) that may give rise 
to aggression. We will discuss some of the 
research into various contextual influences in 
the following section. 

3.3� Context�of�aggressive�behavior�and�
contextual�influences
There is a substantial body of research 
supporting the notion that environmental 
conditions have an effect on the expression 
of aggression. Examples of environmental 
or situation factors include the presence of 
aggressive cues (Berkowitz, 1989; Bartholow, 
Anderson, Carnagey & Benjamin, 2005; 
Carlson, Marcus-Newhall, Miller, 1990), 
provocations, or unpleasant environmental 
circumstances such as uncomfortable 
noise (Donnerstein, Wilson, 1976; Geen, 
1978) and earlier mentioned temperatures 
(Anderson, Deuser & DeNeve, 1995; 
Anderson, 2001). Crowding, too, has been 
linked to aggressive behavior (also Altman, 
1975). It affects perceptions of physical space 
and social behavior (Baum & Greenberg, 
1975; Bauman & Koman, 1976), induces 
feelings of anonymity and deindividuation 
(Prentice-Dunn & Rogers, 1980; Reimann 
& Zimbardo, 2011), and can thus increase 
the likelihood of asocial or other deviant 
behaviors. The GAM has proven effective 
in explaining the underlying mechanisms 
behind these contextual influences on 
aggression. However, research that focusses 
on these influences has been predominantly 
conducted in controlled laboratory settings, 
and the large majority of studies to date have 
investigated environmental factors as isolated 
stimuli. Only few studies, to our knowledge, 
have researched aggression holistically in its 
naturalistic context (e.g., Graham, West & 
Wells, 2000; Homel, Tomsen & Thommeny, 
1992). 
An interesting example worth mentioning is 
that of Graham, Wells, and Jelley (2002), who, 
in a large-scale telephone survey, studied the 
occurrences of aggression in various contexts 
ranging from licensed premises (e.g., bars, 
night clubs), through public space, to the home 
environment. They found that the aggressor 
can often be characterized depending on 
the context. For example, strangers are 
more likely to fight in bars. Also, aggression 
is more likely to be observed amongst male 
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strangers in public spaces. In contrast, in 
social gatherings, both men and women are 
equally likely to exhibit aggressive behavior. 
In another retrospective interview study 
Graham and colleagues found that alcohol 
related versus not-intoxicated aggression is 
more common in weekends and amongst 
male patrons (Wells & Graham, 2002). In 
other, observational study of aggressive 
incidents in bars, Graham and colleagues 
were able to show that the frequency and 
severity of aggression can be linked to several 
contextual factors and is strongly influenced 
by the immediate socio-physical context 
(Graham, Bernards, Osgood & Wells, 2006). 
Their findings suggest that permissiveness 
(i.e., smokiness, high noise levels, darkness) 
of bar room environments predicted severity 
and frequency of aggression (also in study 
Graham, West & Wells, 2000). Moreover, 
the social aspects of the context – the social 
interaction between a bar staff and patrons – 
appeared to also be a significant predictor of 
severity of aggression. Graham and colleagues 
further suggest that the expectations of the 
night based on previous experiences, male 
honor, sexual arousal and competition are 
yet another set of important contextual 
factors related to aggressive behavior in bar 
premises (Graham & Wells, 2003; Graham, 
West & Wells, 2000). All in all, the important 
message here is that every particular context 
creates very specific social situations, and 
hence very specific interplays of personal and 
environmental characteristics. This suggests 
that to really understand aggression, we have 
to simultaneously consider different aspects 
of the context of this behavior. However, 
that might not be so easy to do considering 
existing methodologies to quantify and 
measure aggression (e.g., studies of 
laboratory aggression, where effects of one 
isolated stimuli are investigated, and where 
aggression paradigms are used to induce and 
quantify aggression). Work on the ecology 
of aggression presented by Goldstein (1994) 
is relevant in this respect, and is addressed 
below.

4 An ecological approach to 
aggression
According to Goldstein (1994), every act of 
aggression is a cycle of person-environment 
interactions. Yet, while the importance of 
the physical and social environment in the 
etiology of aggression is acknowledged in 
all of today’s influential theoretical models 
(e.g., General Aggression Model; Anderson 
& Bushman, 2002), literature reveals that 
aggression is often studied as a momentary 
and short-lived phenomenon, emerging 
from and within an individual and relatively 
devoid of its larger context (Goldstein, 1994). 
Consequently, we know quite a lot about 
isolated factors (e.g., variations in mood, the 
presence of aggressive cues/objects, self-
awareness, social norms) and their influence 
on aggressive behavior from laboratory 
studies, but we lack knowledge on the relative 
importance and interplay of such factors in 
real-life situations.
In ‘The Ecology of Aggression’ Goldstein (1994) 
investigates human aggression through the 
prism of interactionism. Goldstein’s argument 
(also 1997) is that neither the individual, 
nor the social and physical environment 
can be held independently accountable 
for acts of aggression, but that aggression 
emerges from the reciprocal influence that 
individuals and environment exert on each 
other through what he labeled the “person-
environment duet” (1994; p. 3). This “duet” 
is interaction, a process where behavior, 
personal characteristics and environmental 
influences, all act as determinants of each 
other. However, due to methodological 
constraints and complexity, researchers often 
have studied pairs of this triadic relationship 
(e.g., cognitions and behavior, environment 
and behavior), instead of all three factors 
simultaneously (Bandura, 1978). 
Although Goldstein’s theoretical account has 
been instrumental in arguing that anti-social 
behaviors as aggression and vandalism can 
be understood only from studying person and 
environment interactions in a holistic manner, 
there is, to our knowledge, no empirical 
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research that has specifically addressed 
how dynamic and site-specific interactions 
between an individual and the socio-physical 
environment influence aggressive behavior. 
In other words, we still know little about 
how the person-environment duet is actually 
being sung.
Guidance to answering such question may 
be found in ecological psychology (Barker, 
1968, Wicker, 1979). Since people share 
common behavioral attributes, person-
environment interactions will first most 
reveal themselves in extra-individual patterns 
of behavior. This, however, requires that 
research on aggression in naturalistic settings 
focuses not only on investigating individual 
persons, but on investigating the behavior of 
inhabitants of a place as a holistic unit –  the 
crowd. Furthermore, although we are able 
to isolate and deconstruct particular person-
environment interactions to some extent 
(e.g., in laboratory studies of aggression we 
study the effects of particular stimuli, but 
also in naturalistic setting – Graham (2000) 
observed and studied aggressive incidents 
in the context of bars), interactions between 
humans and their environment happen in a 
continuous cycle (this cyclical structure is also 
represented in GAM). This thus suggests that 
the temporal context of aggressive behavior 
is another important aspect to consider 
when studying contextual influences on 
aggression. Therefore, in the work reported 
in the present thesis we took an ecological 
perspective to study and understand the 
evolution of aggression in an urban nightlife 
setting. We did so by investigating person-
environment interactions where it happens – 
in the naturalistic setting – and by considering 
temporal context of these interactions – we 
studied these interactions over extended 
period of time. In the following and final 
section of this chapter we describe our 
research goals and provide an outline of this 
thesis. 

5 The outline of this thesis and 
research goals

The work presented in this dissertation 
addresses the contextual influences on the 
rise and fall of aggressive behavior in an 
urban nightlife setting. We studied aggression 
through the prism of ecological psychology and 
took the continuity of person-environment 
interactions into account. The main initial 
goal of the present dissertation thus was to 
understand the contextual influence on the 
emergence and development of aggression 
in urban nightlife settings. In addition, 
our secondary goal was to understand 
whether environment could be manipulated 
using light to avoid or reduce aggressive 
behavior. In particular, initially we planned 
to explore the effectiveness of lighting as an 
aggression-preventing or –diffusing variable 
in this respect. However, as the project 
progressed, it became increasingly clear that 
a shift in research focus was required – from 
contextual determinants of aggression to 
the development of adequate methods to 
capture crowd dynamics and atmosphere in 
field setting. Below we describe the thesis in 
a chapter-by-chapter fashion, reflecting the 
change in focus of the main research aims as 
we move from Chapter 2 to Chapter 3. 
In Chapter 2 we report a qualitative 
multimethod field study performed to gain a 
deeper understanding of contextual aspects 
which influence aggression in naturalistic 
setting and to determine the ways to quantify 
aggression in such setting. To cover as much 
ground as possible and to get the most 
objective picture of what really happens on 
Stratumseind, in our qualitative study we 
involved all stakeholders that contribute to 
life on Stratumseind (e.g., crowd members, 
police, security and bar staff), supported by 
our own systematic observations. Regarding 
aggression, our results suggested that police 
reports with numbers of violent/aggressive 
incidents do not really represent the actual 
experience of tension and aggression 
throughout the party nights on Stratumseind. 
Particularly, the milder forms of aggression 
go unrecorded, yet are felt and noticed by 
the crowd. Furthermore we concluded that 
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these actual instances of aggression are really 
difficult to grasp and quantify in a reliable 
manner. However, the most important finding 
of Chapter 2 is that we identified atmosphere 
as a relevant attribute of the socio-physical 
context. 
Atmosphere seems to reflect the continuous 
cycle of person-environment interactions in 
crowd. Based on our study we hypothesize 
that people’s behavior feed into atmosphere, 
but at the same time atmosphere seems to be 
influencing people’s behaviors. Therefore we 
believe, but cannot yet show, that atmosphere 
might be one of the mechanisms underlying 
the development of aggression and thus may 
help explain how aggression results from 
person-environment interactions. By the end 
of Chapter 2 we propose that quantifying 
atmosphere might be exactly what we need 
to determine the contextual influence on 
the development of aggression. Here, it also 
became clear to us that we had to re-evaluate 
the initial research goals aimed at tackling 
aggression directly and reshape the scope 
of our work – focus on understanding and 
measuring the atmosphere. 
Chapter 3 presents the first attempt to capture 
changes in the atmosphere by measuring its 
components – crowd affect and cognitions, 
crowd behaviors, and environmental 
conditions – using conventional methods 
common in the domain of psychology. In this 
large-scale field study we used structured 
observations to quantify changes in the 
physical environment and record interactions 
amongst crowd members, and we recruited 
Stratumseind visitors to perform short 
psychological tests aimed at quantifying 
crowd members’ mood and hostility bias. 
In this study, we found that it is rather 
difficult to directly quantify crowd’s moods 
and cognitions – the affective-cognitive 
component. Next, we were also not able to 
capture the behavioral component, but we 
concluded that this most likely was the case 
due to bad layout/design decisions of the 
questionnaire. However, the observation 
scheme aimed to capture changes in the 

physical environment was found to be 
reliable and sensitive to dynamics in the 
environmental atmosphere component. 
Chapter 4 describes the design and validation 
of a different method of assessing atmosphere. 
Here, instead of trying to quantify atmosphere 
in mostly objective counts of separate 
elements of atmosphere components and 
aggregations of individual crowd members’ 
reports, we relied on observers’ subjective 
appraisals of the atmosphere as a whole. We 
describe a small two-weekend field study, 
in which we tested a crowd atmosphere 
appraisal questionnaire suited for the context 
of Stratumseind (CAAQ). The study suggested 
that this measure had a good potential in 
capturing the experience of atmosphere. 
Chapter 5 presents another large-scale field 
study in which we combined the different 
measures of the atmosphere to investigate 
the tools’ reliability and sensitivity and to 
evaluate the similarities and differences 
between two different ways of measuring 
atmosphere. In addition, the secondary goal 
of this chapter was to investigate whether 
positive changes in the atmosphere could 
be achieved by manipulating street lighting. 
We found that our tools can reliably capture 
dynamics of the environmental atmosphere 
component and changes in atmosphere 
as measured with CAAQ. We concluded 
that, although it lacks more quantifiable 
and descriptive properties, CAAQ is at the 
moment a more comprehensive tool to 
reliably measure changes in the atmosphere 
than tools aimed to capture atmosphere 
components. In addition, in Chapter 5 our 
results provide evidence for a possible 
positive influence of warm reddish light on 
several atmosphere variables. 
In Chapter 6, we explored the possibilities 
to make data collection more efficient and 
simultaneously intended to validate our 
own evaluations of the atmosphere. We 
investigate how atmosphere is sensed by 
expert (stewards of Stratumseind) as opposed 
to trained observers (us researchers) on 
Stratumseind using abbreviated version of 
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CAAQ. We aimed to compare the atmosphere 
perception of stewards and that of ours (based 
on a data sample from Chapter 5). In addition 
we teste the performance of this abbreviated 
CAAQ to see whether data collection process 
could be optimized. We concluded that 
the main role of observer is important to 
consider when using atmosphere appraisal 
questionnaire as slight differences in how 
atmosphere was evaluated by stewards and 
by trained observers were found. Abbreviated 
CAAQ was found to be effective in capturing 
fluctuations in the atmosphere dimensions 
throughout the night. 
In Chapter 7 we present another attempt 
to explore possibilities to optimize data 
collection procedure and investigate whether 
videos could be used to measure atmosphere 
off site employing our tools. We found that 
neither the environmental nor the behavioral 
component of atmosphere could be reliably 
captured using videos to evaluate the 
atmosphere. The CAAQ, however, seemed to 
reliably capture the (dynamics in) atmosphere. 
Our results suggest that video imagery could 
be potentially used as alternative data to 
perform atmosphere measurements.
In Chapter 8 we synthesize what we have 
learned throughout our field work. We 
discuss the advantage and disadvantages 
of various methods, the similarities and 
differences between capturing atmosphere 
using descriptive vs. experiential methods. 
In addition, we outline how atmosphere 
perceptions may differ amongst different 
actors on Stratumseind, put atmosphere 
measures in the context of technological 
developments (e.g., video recordings). Finally, 
we discuss future work and implications 
of our findings on aggression research. Of 
course, we reflect on this also in light of the 
limitations of our work. 
As mentioned in the Prologue, the eight 
chapters are interwoven with three personal 
reflection on process and context of research.
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1 Introduction
Human aggression is a topic of great societal 
relevance and continued scientific interest. 
According to Goldstein (1994), every act of 
aggression is a cycle of person-environment 
interactions. Yet, while the importance of the 
physical and social environment in the etiology 
of aggression is acknowledged in all of today’s 
influential theoretical models (e.g., General 
Aggression Model, Anderson & Bushman, 
2002), literature reveals that aggression is 
often studied as a momentary and short-lived 
phenomenon, emerging from and within an 
individual and relatively devoid of its context 
(Goldstein, 1994). So today we know quite 
a lot about isolated factors (e.g., variations 
in mood, the presence of aggressive cues/
objects, self-regulation, behavioral norms) 
and their influence on aggressive behavior 
from laboratory studies (e.g., Baron & Bell, 
1976; Berkowitz & LePage, 1967; DeWall, 
Baumeister, Stillman, & Gailliot, 2007; Locke 
& Mahalik, 2005), but we lack knowledge on 
the relative importance and interplay of such 
factors in real-life situations. At the same time 
there are studies statistically relating crime or 
aggression to environmental characteristics 
such as the amount of green (e.g., Kuo & 
Sullivan, 2001, Kimpton., Corcoran, & Wickes, 
2016), outdoor lighting (e.g., Atkins, Husain, 
Storey, 1991), or crowd size (Russell, 1983) 
based on archival data, but these cannot 
provide thorough insight on the process of 
emergence of aggression.
According to ecological psychologists, socio-
physical characteristics of environments 
coerce behavior in dynamic but patterned, 
and thus predictable ways (Barker, 1968). 
Because aggression is a behavior strongly 
dependent on context, laboratory studies 
need to be complemented with naturalistic 
field research to expand our understanding 
of how it emerges and develops in specific 
environments, and, thus, of how it may be 
curbed effectively. To paraphrase Wicker 
(1979; p. 4), while controlled laboratory 
aggression studies reveal how people could 
behave given the conditions imposed by the 

experimenters, they are not suitable to reveal 
how people actually do behave in naturalistic 
environments and realistic situations. What is 
needed is not just more field research, but an 
approach that considers the context in which 
aggression occurs in a more holistic fashion—
the environment not as a conglomeration 
of isolated stimuli and events, but as the 
ecological backdrop against which aggression 
is to be understood. In the present study we 
describe field research investigating the social 
and physical context of ongoing aggression 
and its influence on people’s behavior in 
an urban nightlife area. Instead of studying 
aggressive incidents as momentary, short-
lived and relatively isolated phenomena, 
emerging from and within an individual 
aggressor, the current research takes a holistic 
perspective on the socio-physical context and 
how it develops over time. We did not focus on 
isolated incidences of aggression, but instead 
observed and investigated ongoing patterns 
of behavior of a crowd, in its naturalistic 
environment, and explored changes in the 
socio-physical environment that co-occurred 
with the rise and fall of aggression. 

1.1� General�Aggression�Model
Human aggression is typically defined as 
“any behavior directed toward another 
individual that is carried out with the 
proximate (immediate) intent to cause 
harm” (Anderson & Bushman, 2002; p. 28). 
It includes a range of behaviors that vary in 
severity (e.g., honking behavior while driving 
vs. domestic violence) and can be passive 
or active. This includes physical and verbal 
behaviors, affective, impulsive (mainly ruled 
by emotions) and instrumental, well-thought-
out acts of aggression (Anderson & Carnagey, 
2004). In the General Aggression Model 
(GAM; Anderson, Deuser, & DeNeve, 1995), 
as well as in most other social-cognitive 
models, aggression results from the way in 
which environmental (or situational) stimuli 
and person factors (e.g., traits, attitudes) 
influence an individual’s internal state (i.e., 
affect, arousal and cognitions). This internal 
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state influences appraisal and decision-
making processes, which, in turn, determine 
subsequent actions (e.g., aggressive 
behavior). Thus, in the GAM, behavior is 
shaped through a series of interactions—
called ‘episodes’—between a person and his 
or her immediate environment. 
There is a substantial body of research 
supporting the notion that environmental 
conditions have an effect on aggression, 
including, for example, the presence of 
aggressive cues (Berkowitz, 1964; Bartholow, 
Anderson, Carnagey & Benjamin, 2005; 
Carlson, Marcus-Newhall, & Miller, 1990), 
provocations, or unpleasant environmental 
circumstances such as noise (Donnerstein & 
Wilson, 1976; Geen, 1978; Geen & O’Neal, 
1969) and temperature (Anderson, Deuser 
& DeNeve, 1995; Anderson, 2001). Crowding 
too has been linked to aggressive behavior 
(Altman, 1975; Macintyre & Homel, 1997). 
It affects perceptions of physical space and 
social behavior (Baum & Greenberg, 1975; 
Baum & Koman, 1976), provides people with 
anonymity and deindividuation (Prentice-
Dunn & Rogers, 1980; Reimann & Zimbardo, 
2011), and can thus increase the likelihood of 
asocial or other deviant behaviors.  
The GAM has proven effective in explaining 
the underlying psychological mechanisms 
behind human aggression, and in providing 
solid foundations for understanding the 
contextual influences on aggression. 
However, research that focusses on these 
contextual influences has been predominantly 
conducted in controlled laboratory settings, 
and the large majority of studies to date have 
investigated environmental factors as isolated 
stimuli. To our knowledge only few studies 
have investigated aggression in its naturalistic 
context, and from a more holistic perspective 
(e.g. Graham, West, & Wells, 2000; Homel, 
Tomsen, & Thommeny, 1992; Farrell et al., 
2010). Especially relevant for our work is 
the research conducted by Graham and 
colleagues, who, based on an impressive series 
of field studies investigating alcohol related 
aggression, were able to show the prominent 

influence of personal (e.g., ‘machistic’ 
attitudes) and situational factors (e.g., a 
permissive bar environment, noise, crowding, 
messiness of the space) on the frequency 
and/or severity of aggressive behavior in 
bars (Graham & Wells, 2003; Graham et al., 
2004; Graham, Bernards, Osgood & Wells, 
2006). This body of work included qualitative 
observations and retrospective interviews 
or surveys, as well as more structured 
observations quantifying both the number of 
incidents and the situational characteristics 
of bars where such incidents were fairly 
common. The studies reflect and illustrate 
the relevance of the components of the GAM 
for real-world aggression and provide us with 
valuable insights in situational elements that 
may predict the frequency or severity of 
aggressive incidents. But although this was 
research performed in a naturalistic setting, 
their focus was still on aggressive incidents per 
se, as discrete episodes within the ongoing 
stream of person-environment interactions. 
They, hence, do not explain how such 
discrete, small-scale interactions are tied to 
the larger socio-physical or temporal context 
of crowds in large-scale public environments. 
The cyclical structure of GAM suggests that 
every episode of human behavior is preceded 
and succeeded by another, not necessarily 
aggressive, episode of human behavior. This 
implies that to understand how aggression 
develops, we should study aggression over 
time, equally focusing on both positive and 
negative interactions. Relevant in this respect 
is the work on the ecology of aggression by 
Goldstein (1994).

1.2� Ecology�of�Aggression
In ‘The Ecology of Aggression’ Goldstein 
(1994) investigates human aggression through 
the prism of interactionism. Goldstein’s 
argument (also 1997) is that neither the 
individual, nor the social and physical 
environment can be held independently 
accountable for acts of aggression, but that 
aggression emerges from the reciprocal 
influence that individuals and environment 
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exert on each other through what he labeled 
the “person-environment duet” (1994; p. 3). 
This “duet” denotes interaction, a process 
where behavior, personal characteristics and 
environmental influences, all act as reciprocal 
determinants of each other (Bandura, 1978). 
Although Goldstein propagated that anti-
social behaviors can be understood only 
from studying person and environment 
interactions in a holistic manner, there is, to 
our knowledge, no empirical research that 
has specifically addressed how dynamic 
and site-specific interactions between an 
individual and the socio-physical environment 
influence aggressive behavior. In other words, 
we still know little about how the person-
environment duet is actually being sung.
Guidance to answering such question may be 
found in ecological psychology (Barker, 1968; 
Wicker, 1979). Since people share common 
behavioral attributes, person-environment 
interactions will first most reveal themselves 
in extra-individual patterns of behavior. 
This, however, requires that research on 
aggression in naturalistic settings focuses not 
only on investigating individual persons, but 
on investigating the behavior of inhabitants of 
a place as crowd as a whole. 

1.3� Research�Aims
The goal of the present study was to add to 
our theoretical and practical understanding 
of the development of aggression by studying 
the dynamics of the interaction between 
people and their socio-physical environment 
in a real life context – Stratumseind: a 
night life area in the city of Eindhoven, the 
Netherlands. We aimed to explore how the 
contextual influences on aggressive behavior 
can be recognized and described.  Our focus 
lies not on acts of organized, premeditated 
and/or instrumental aggression – although of 
course this may not always be obvious from 
observations – but on unplanned, reactive 
aggression emerging in otherwise neutral 
or friendly crowds (e.g., harsh interactions 
between people, or frustration-induced 
pushes and verbalizations). Our research 

was driven by the following questions: How 
does aggression in larger groups emerge and 
unfold over time? How do changes in the 
socio-physical environment make aggression 
more or less likely? 
To answer these questions, we employed 
qualitative methods ranging from interviews 
to on-site observations, and involved 
multiple user groups. In contrast to previous 
naturalistic field studies (e.g. Graham, West & 
Wells, 2000), we did not investigate isolated 
incidences of aggression and escalation, and 
avoided studying single individuals or specific 
subgroups of the community (e.g., African-
Americans, (Romero, Richards, Harrison, 
Garbarino, Mozley, 2015; McMahon et al., 
2013)). Instead, we investigated people-
environment interactions at the crowd 
level, and tried to capture both positive and 
negative behavioral patterns as well as their 
dynamic transitions over time. 

2 The Stratumseind case
Stratumseind is a pedestrian area, 
approximately 350 meters long, located 
in the heart of the city of Eindhoven. It 
accommodates over 50 different bars and 
sees over 40.000 visitors during the busiest 
weekend nights, Thursday through Saturday. 
Stratumseind itself has only a few residents. 
During the day most of the bars are closed, 
terraces are empty, and the street almost 
looks deserted; a marked contrast to the 
weekend’s evenings and nights. Stratumseind, 
thus, is a city area with a clearly demarcated 
function, dedicated for nightlife. However, 
besides the festive and generally positive vibe 
on the street, one also observes intoxication, 
noise and a range of inappropriate behaviors. 
In recent years, the area has seen an increase 
in incidents reported by the police. Thus, 
a better understanding of how aggressive 
behavior evolves in and is contextually 
defined at Stratumseind is not only of interest 
from a theoretical perspective, but may 
point to novel ways for the municipality and 
other stakeholders to curb recent trends and 
improve the Stratumseind experience for its 
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visitors and inhabitants.  

3 Methods
To reveal the social dynamics on Stratumseind, 
we employed a qualitative approach (similar 
to Leun & Koemans, 2013) using multiple 
data collection strategies to ensure that our 
study included not only our personal – yet 
‘outsider’ – observations, but also reflected 
the perspectives and first-hand experiences 
of the people visiting Stratumseind, as well as 
those working there. 

3.1� Observations
Unstructured observations were performed 
by the first author and an assistant. We took 
notes about the Stratumseind environment 
(e.g., artifacts, crowdedness, weather, 
noise), interactions of visitors with their 
physical environment (e.g., how individuals 
interact with the objects in/on their way), 
and interactions between people (e.g., 
how individuals move along the street, how 
they pull at others, push them, flirt, etc.). In 
addition, observers noted their subjective 
evaluation of the overall mood of the street 
and personal experiences coming from 
accidental (e.g., while walking through 
Stratumseind) or purposeful (e.g. during 
interviews) interactions with the crowd. 
Since the nature of our observations was 
explorative and qualitative – in contrast to 
more structured observations – it did not 
allow for the measurement of inter-observer 
reliability. The field notes of the two observers 
were merged. However, any discrepancies 
were discussed (which happened only 
infrequently). 
The observations were performed throughout 
two full weekends in June and July, 2014, on 
all three going-out nights—Thursday, Friday 
and Saturday—between 10 PM and 5 AM (3 
AM on Thursdays), covering in total almost 40 
hours of observation. In the selection of these 
observation weekends, we excluded days of 
national celebrations or holidays that would 
interfere with ‘regular’ life on Stratumseind. 
During our data collection period no national 

holidays or celebrations were taking place, 
the observation period did include two days 
with three special events: two National Dutch 
team football games in World Cup 2014 
(relatively large-scale) and a thematic street 
party (relatively small scale). Special events 
like these occur frequently on Stratumseind, 
and, thus, these were regarded as regular 
evenings. Observations were made along the 
full length of Stratumseind, controlling for 
the time spent in each part of the street. By 
the end of each night each observer made a 
summary of the happenings throughout the 
night, concisely describing the evening and 
major incidents. 

3.2� Police�Data
Police data consisted of reports by the 
Eindhoven Police department’s Horeca 
Team of each night during which researchers 
performed the observations. These reports 
included evaluations of the evening, 
descriptions of specific environmental 
characteristics (artifacts, crowding level, and 
weather conditions), events/happenings, and 
both numbers and concise descriptions of 
formal reports to the central police unit and 
the number of arrests that night. The data 
relevant for this study were extracted from 
the reports, summarized and anonymized. 

3.3� Interview�with�Police
In addition to police reports, a semi-
structured interview was performed with 
the Horeca Team Manager, a police officer in 
charge of the team of police agents patrolling 
on the streets of Eindhoven centrum during 
weekend nights. This person works on 
Stratumseind almost every weekend, three 
consecutive nights in a row. His expertise 
provided us with rich insights on the police 
work on Stratumseind, and the actions taken 
against aggression and escalation. 

3.4� Interviews� with� bar� owners� and�
security�staff
Five semi-structured interviews were 
performed with Stratumseind bar owners, 
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and three with security staff. They provided 
us with their perspective on Stratumseind, 
the visitors of their bars, outlined problems 
with aggression/escalation, and how this is 
usually handled in their businesses.  

3.5� User�Interviews�I:�In-Situ�Reflections�
Weekend�1&�Weekend�2
We performed in-situ user interviews in two 
phases. In Phase 1, 51 persons (29 male, 
22 female) agreed to participate in brief 
(2-3 minutes) interviews during the first 
observation weekend (12-14 of June, 2014). 
The average age of interviewees was 22 years 
(SD=4; range 15 to 37). During these structured 
interviews we asked participants about their 
overall experience on Stratumseind.
For Phase 2, 44 people (26 male, 18 female) 
agreed to participate in brief (1-2 minutes) 
interviews on Stratumseind during the second 
observation weekend (3-5 of July, 2014). The 
average age of interviewees was 24 years 
(SD = 5; range 17 to 37). During this second 
series of structured interviews we asked 
people about their current, in-the-moment 
experiences. We probed their mood and 
their experience of the evening on the street, 
and whether they had seen or experienced 
annoying, aggressive or escalated behavior 
that evening.
3.6� User� Interviews� II:� Retrospective�
Interviews�-�Photo�Studies
Ten participants, five males and five females 
with an average age of 27 years (SD=4; range 
23 and 37), participated in off-site photo-
supported interviews. Five of them were 
students; one was a recent graduate doing 
an optional internship in a company, and four 
participants were working. All participants 
were recruited via the social network of the 
first author. None of the participants were 
friends or close acquaintances. 
Participants were interviewed using a semi-
structured interview script. As support 
material, participants were presented with 
photo and/or video materials showing the 
life on Stratumseind at particular party nights 
(see examples in Figure 1). This included 

people’s behavior, artifacts, noises, etc. In 
these interviews, we mainly focused on 
people’s view on Stratumseind as a going-
out location, reasons for selecting it over 
other locations, interactions they observed 
and experienced, whether they had ever 
experienced aggression there and, if yes, 
why they thought this happened. In addition, 
they were asked to describe the prototypical 
Stratumseind visitor(s). 

3.7� Data�Analysis�
Data was analyzed by means of thematic 
analysis using the Thematic Networks 
technique (Attride-Stirling, 2001). We first 
derived the lowest order basic themes for 
each data source separately (107 basic themes 
in total). These basic themes summarize the 
core notions present in the data. Second, basic 
themes discussing similar issues were, again 
for each data source separately, clustered into 
middle order organizing themes (31 in total). 
Finally, the organizing themes from all data 
sources (i.e., observations, interviews) were 
pooled and global themes were extracted (11 
in total). Four of the organizing themes were 
used to derive more than one global theme 
(three organizing themes appeared in two 
global themes each, and one in three global 
themes). Global themes are the highest 
order themes and contain the core analytical 
insights that the data support.
For reasons of readability and fluency, we do 
not present the reader with lower order Basic 
and Organizing Themes in the results section. 
Instead, we provide a narrative account based 
on Global Themes illustrated with quotations 
and observation notes to support our findings.  
However, to provide an overview, we present 
the global themes and the organizing themes 
on which they were based in Table 1.
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Figure 1: Examples of sensitization material - images of Stratumseind
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4 Results
Urban areas devoted for nightlife, such as 
Stratumseind, can create different socio-
physical contexts by hosting multiple user 
groups over time and in different locations

Stratumseind’s role as one of the central 
going-out areas of Eindhoven is well known 
throughout the Netherlands. The high 
concentration of different bars is one of the 
main reasons why visitors find it so attractive: 
“PS7, Male, 24: Well, first of all, there are like 
45 bars, so there’s a bar for everybody. And 
also, everybody goes there so besides that 
you can have whatever you want, you meet 
other people”. 
For decades now, Stratumseind is the place 
where local youth go for a night out. As 
many have their first glass of alcohol there 
and get introduced to the unwritten rules of 
nightlife, some characterize Stratumseind as 
an educational area, where local youth learns 
to go out: “Bar Owner 1: This street is like a 
pedagogical center, where our youth learns 
the rules of going out”. Because of what 
Stratumseind has to offer, many different 
people use the same space for their night 
out: “Bar Owner 3: There are many different 
people on Stratumseind, yes”. We noted 
differences in crowd demographics between 
the three weekend nights. The Thursday 
crowd is young, with little diversity in cultural 
background and social class. Experts, police 
and bar staff, characterize it as the students’ 
night: many students from the university and 
other educational institutions in the area 
traditionally go out for Thursday evening 
drinks. On Fridays the crowd is slightly older 
“Bar Owner 5: On Fridays the crowd is 
somewhat older. Somewhere around 19-20s, 
just a bit older” and one sees more different 
nationalities and racial diversity on the street. 
Also, sub-populations stand out more (e.g. 
alternative, rockers, mainstream, etc.). The 
Saturday crowd appears even more diverse in 
terms of age, cultural background and race. 
More often than on the other days people 
exhibit unfriendly behaviors (e.g., observation 

note: “no attention paid to others when 
walking through the street—bumping into 
each other”). In addition, visitors themselves 
mention experiencing more negative 
interactions on Saturdays: “PS3, Male, 26: the 
atmosphere is more aggressive, you see that 
at the moment when you bump into someone 
most of the time they act aggressive. <…> 
I have more aggressive experiences on 
Saturdays.” In addition, the Saturday crowd 
seems less familiar with Stratumseind—a lot 
of people are walking around, raising their 
heads to read the names of the bars and 
exploring what Stratumseind has to offer.
The crowd also varies across parts of the 
street. The demographics and attitudes of the 
people we observed in the ‘long end’ were 
slightly different from the ones observed 
in the ‘short end’. Unfriendly, intimidating, 
‘macho’ attitudes were more frequent in the 
second part of the street. That side is also 
less busy, less noisy, darker and less alive 
throughout the night, because not every bar 
is open. Visitors also hinted to this difference 
between the first and the second part of the 
street: “PS9, Male, 37: I think the first part is 
more inviting for people to go... and also, I 
think the last part is a bit more, when you pass 
the square, a bit darker. In the first part, you 
hear a lot of music and people talking but the 
last part not really.”; “PS1, Female, 28: [talking 
about the second part of Stratumseind] Ehh. 
The bars are weird, I haven’t gone inside… 
one of them is quite OK, how is it called? XYX, 
yeah, this one is quite OK, but the other bars 
are weird and the people are kind of weird, I 
don’t know”
In summary, Stratumseind hosts many 
different people who come to enjoy the night 
out. Each night, the crowd seems to have 
slightly different profiles. Moreover, the crowd 
profiles differ between the first and in the 
second part of the street. This was generally 
reflected in the reports of all stakeholders and 
in line with our observations. Different people 
interact with their environment differently 
and thus, through this interaction, different 
socio physical contexts may emerge in the 
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same location 

Atmosphere is a snapshot of the current 
socio-physical context and it can be sensed by 
individuals present in a place, regardless of 
their role 

While watching people on the street, one can 
observe and feel the atmosphere. Although 
atmosphere itself might be a slightly abstract 
term, it can be recognized through people’s 
attitudes, mood, behaviors and interactions 
with one another as well as with their 
immediate environment. For example, if 
people are friendly to each other [observation 
note: “people high-five each other, hug, 
etc.”; “many couples are making out at the 
sides of the buildings”] the atmosphere is 
usually perceived and evaluated as positive 
[observation note: the overall atmosphere 
is less happy than at the beginning of the 
evening, but still very positive”]; whereas, 
when more harsh, unfriendly interactions are 
observed, such as people pushing or hitting 
street furniture, walking fast through the street 
and not minding others [observation note: 
“people interact harshly with each other”; 
“many frowned faces”; “kicking stuff on their 
way—’playing football’”], the atmosphere is 
perceived as worse, less positive, sometimes 
as bad and tense [observation note: “no 
aggressive behavior, but it doesn’t feel like 
a great night”; “atmosphere is really not 
good—something is in the air”]. In other 
words, atmosphere is a tangible characteristic 
of social context, colored through interactions 
with other visitors. 
Not only observers, but participants too, 
sense the atmosphere. We learned that 
visitors perceive the atmosphere through 
a combination of their expectations of the 
night, their internal states (e.g., relaxed, 
beginning of vacations), and how they see 
other people: “P56, male, 22: We just arrived, 
but I think that the atmosphere is good. 
At least amongst ourselves it feels good.”; 
“P59, male, 22: [about the atmosphere] 
Good, friendly. I have not yet seen any weird 

things.”; “P56, male, 22: [about the mood] 
Uh, yes, good. It’s almost holiday, so that’s 
good hey. We’re here today with some of us 
that are done with school, so we’re going to 
have a few beers.”
Police also regularly refer to atmosphere. One 
of the techniques the police use to evaluate 
the general situation on the street and 
anticipate people’s behavior is evaluating the 
atmosphere. Although predicting people’s 
behavior is barely possible, estimating it 
through atmosphere helps a lot in their 
work—“Police Representative: <…>we 
sense from the crowd whether a certain 
atmosphere may be developing”, because as 
the atmosphere gets worse there is a higher 
likelihood that more incidents, unwanted 
behaviors will occur: “Police Representative: 
So on some evenings, minor annoyances can 
lead to big incidents. At a given moment, you 
start to feel that this is happening.” These 
reflections of police and security staff imply 
that atmosphere is not only relevant in and 
of itself, but it also serves as an important 
indicator for the risk of incidents and 
escalations.
By observing the social context—people’s 
facial expressions, interactions with each 
other and their immediate environment, 
and the general mood of the crowd—one 
can sense the atmosphere. Importantly, this 
general and shared sense of atmosphere 
appears to be recognized similarly among 
all users: visitors, bar personnel, police, and 
relative outsiders such as us.

External factors, such as crowdedness of the 
environment, social happenings or important 
sports games, can significantly affect the 
atmosphere

We noticed that external happenings (e.g., 
World Cup game or Roze Zaterdag—a gay 
pride event) had a strong influence on the 
atmosphere [observation note: “the mood 
and atmosphere is not really good - a bit tense 
(at the time the soccer game was not going 
well for the Dutch team)”].  Our observations 



2

46

were supported by visitors’ remarks collected 
on the night of the game between the 
Netherlands and Costa Rica in the Football 
World Cup (which many visitors watched on 
Stratumseind, and that the Dutch eventually 
won). The majority of interviewees referred 
to it, when probed for their mood “Q: How 
do you feel his evening? P82, male, 23: Super! 
Enthusiastic!”; “Q: What do you think about 
the atmosphere here on the street? P82, 
male, 23: Nice, busy. Enthusiastic.”; “Q: What 
is your mood at the moment? P86, female, 
33: Nice, we have won you know!” 
Crowdedness was another factor that 
appeared to play a role in shaping how the 
atmosphere was perceived by visitors. If it is 
not busy ‘enough’, people may perceive the 
atmosphere as boring, whereas a too busy 
street can also become stressful: “Q: How 
would you describe the atmosphere here? 
P75, male, 33: Boring”; P81, male, XX: Boring, 
<…> because it is not busy.”; “Q: And so far 
as you´ve experienced the street, how do you 
like it? P72, male, 35: It is interesting. So far 
not a lot of people [slight disappointment], 
maybe it´s more crowded later on. But it´s 
good.”; “Female, 23: Sometimes when it’s 
crowded because the streets are really 
narrow, it’s like... How do you call it… 
oppressive?” Our observations also reflected 
this relationship between the number of 
people on the street and the atmosphere; 
less busy parts of the street were evaluated 
as (too) calm: [observation note: “very calm 
evening; boring; not crowded”]; whereas a 
comfortable number of people made the 
environment more lively: [observation note: 
“second part of the street is much busier than 
usual; second part of the street looks better 
when filled with people”].

Atmosphere is a dynamic phenomenon, which 
subtly fluctuates throughout the course of the 
night 

An important aspect of atmosphere is that 
it is dynamic, continuously changing. The 
changes, though, were rarely radical, but 

rather gradual. For example, the World Cup 
game between the Dutch soccer team and 
Costa Rica was tough and intense and we 
observed a similarly tense, rough atmosphere 
on Stratumseind [observation note: “the 
mood and atmosphere are not really good—a 
bit tense”]. Within an hour, the game was won 
by the Dutch team and we observed a positive 
change in the atmosphere [observation note: 
“at the moment of victory people finally 
look very happy”; “people are happy, but 
still some frustration in the air”]. Yet, as the 
latter quotation from observations illustrates, 
the shift in atmosphere was only modest 
and for the remainder of the night it felt as 
if the tension from the beginning of the night 
lingered: [observation note: “the atmosphere 
isn’t really good”; “no aggressive behavior, 
but it doesn’t feel like a great night”]. Visitors 
did not explicitly reflect on this phenomenon 
in the interviews, but an interview with the 
police confirmed our observations that 
atmosphere can fluctuate throughout the 
course of the night: “Police Representative:  
Yes, indeed. It can also be that an evening 
starts very jovially and that there are few 
problems, and then there’s a turning point, 
and colleagues say we don’t know what has 
happened, but the atmosphere has changed, 
and then you are going to see the number of 
small incidents increase.” In sum, atmosphere 
may improve or decline throughout the 
course of the night, although changes will be 
rather gradual. 

Atmosphere foreshadows the likelihood of 
aggressive behavior

To understand how, and if at all, escalations, 
aggression or other types of unwanted 
incidents could be predicted, we asked 
the experts—the police—to share their 
experiences. As mentioned above, tense 
atmosphere was reported to be a sign of 
possible increase in aggressive or otherwise 
unwanted behaviors—if the atmosphere is 
tense, the police are more vigilant, whereas 
if people are happy and the street looks calm, 
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escalations or irritations are less likely. Besides 
atmosphere, police also pays attention to 
other social and physical cues. The amount 
of garbage on the street for instance, 
according to them, communicates a negative 
descriptive behavioral norm. People are 
sensitive and responsive to the environment. 
When the environment is dirty that sends an 
implicit message to visitors that littering is an 
acceptable behavior: “Police Representative: 
It raises a certain image which causes certain, 
I don’t want to say, deterioration, which, once 
it has begun, will only continue to grow. People 
become increasingly careless, because people 
think, oh well, there is already glass lying 
there, I will just throw mine on the ground 
as well.” The same holds for the interactions 
between people: as people get less feedback 
from their peers on their behavior, or the 
opposite—receive group pressure to behave 
badly, positive behavior gradually diminishes: 
“Police Representative: Group influence 
plays a role. And particularly, when they’ve 
consumed a lot of alcohol, irritation level is 
reached fast. And those groups, if they start 
to target a certain person, then all of them 
will join in.” So the police are also very much 
aware of the role of peer pressure and the 
norms laid down by peer behavior.
In conclusion, behavior can be anticipated 
through evaluations of the physical 
environment, people’s interactions and the 
atmosphere on the street. This conclusion was 
corroborated by interviews with the police 
and bar personnel, and our observations. 
It was not explicitly mentioned by visitors 
themselves. In police work, this is mostly 
done by observing the crowd from strategic 
spots with a good overview.

Alcohol intake deteriorates the quality and 
increases the quantity of social interactions 
and thus increases the likelihood of intentional 
and unintentional asocial behavior

With the evenings progressing, alcohol and 
drug consumption increased and the level of 
intoxication rose [observation note: “people 

look drunk, but not too drunk”; a few hours 
later that night “people look drunk now”; 
“drunkenness is increasing fast”]. With 
increasing levels of alcohol in their blood, 
people started behaving differently—one 
notices a clear decrease in coordination 
of walking [observation note: “bumping 
into each other”], a narrowed field of view 
[observation note: “some are standing 
outside in the middle of the street, talking to 
each other, blocking the street & not paying 
attention to it; bumping into each other”], 
a shorter attention span during the street 
interviews [observation note: “as we try to 
interview her, a very drunk girl cannot answer 
our questions”], increased self-confidence 
[observation note: “a girl dressed in revealing 
outfits is dancing on the terrace table”], 
increased approaching behavior [observation 
note: “we are approached more often by 
drunk guys; another drunk guy came up 
to us, tried to speak to us, but we couldn’t 
understand a word he said, then he invited 
other friends, we moved away, they left”—
both observers were females] and smaller 
interpersonal distances. Men started to 
exhibit macho behavior, compete with each 
other for women’s attention and provoked 
each other more often. Generally, more 
personal boundaries were crossed towards 
the end of the night —flirting, touching, 
and coming (too) close [observation note: 
“Two young drunk guys try to take off ‘cat 
ears’ from girl’s head; the interaction is 
flirty, rather than pestering”]. Some of these 
interactions were negative, due to people’s 
inability to read others’ signals and reflect 
on their own behavior [observation note: 
“A girl throws a bottle cap to Rob. She has 
an angry drunk look in her face; before she 
throws it she looks at me with hesitation—the 
reason for this could have been the camera 
that Observer-2 had in his hands”] or due 
to lack of coordination—some people were 
too drunk to behave gracefully [observation 
note: “A group of young drunk guys try to 
kick into the air, sort of playing a ball; very 
uncoordinated movements”]. Alcohol thus 
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seems to strongly influence the quality of 
interpersonal interactions. 
As more alcohol is consumed, people get 
less sensitive and notice less what happens 
around them and how their presence and 
actions affect others’ wellbeing [observation 
note: “people are focusing less on others than 
on themselves—they seem to have become 
ruder and occasionally bump into each other”; 
“narrowed attention—e.g., one guy almost 
crashes into me, looks only straight ahead 
& doesn’t even notice me (neither turns his 
head, nor says sorry)”]. Their behavior at times 
can become asocial and even illegal—walking 
wide and broad, not noticing other people, 
bumping into others, throwing and kicking 
glass and garbage on the street—and they 
appear unable to evaluate the consequences 
of that behavior. Besides potentially harming 
others or themselves, some of these asocial 
and uncontrolled behaviors dictate unwanted 
descriptive social norms, which influence 
subsequent behavior. Thus, mainly from our 
field observations we conclude that alcohol 
influences not only how people interact with 
each other, but also how they interact with 
their immediate environment.  

Aggression on Stratumseind is alcohol related, 
but often not directly caused by alcohol abuse
 
Alcohol influences people’s performance, 
perception and behavior. Most of the 
aggression on Stratumseind appears alcohol 
related: “P15, male, 20: Had too much to 
drink.”; “P7, male, 20: Alcohol. And the 
other reason would be girls. Or like when 
Holland wasn’t playing that good against 
Costa Rica, people get tense and annoyed.” 
Reflecting specifically on aggression, alcohol 
influences how people process the outcome 
of these interactions and how they cope 
with their inner psychological states, such as 
frustration. On Stratumseind this appears to 
facilitate aggressive behavior: “P13, female, 
17: No reasons. Mostly, with drinking one 
gets frustrated and then it all comes out.”; 
P45, male, 23: Yes, yes, yes, and alcohol 

can escalate everything.”; “P8, male, 19: 
Aggression that they want to unleash from 
work. Or that they are not happy with their 
home life. Just aggression that they want to 
direct to someone to get it out.”; “P27, male, 
26: Someone was messing and you’re drinking 
and then he hits you, and then you hit him 
as well, and then you look at each other and 
then you start hitting each other and then…”
Yet whereas alcohol clearly facilitates 
aggression, the causes for underlying 
frustrations may be diverse—they may have 
emerged on the spot or have their roots 
earlier in time as one of our experts said: “Bar 
Owner 5: Yes, everyone has a bad day now 
and then. Relationships, exams, problems in 
the family. Everyone has something at some 
point…” “P44, male, 22: <…> this is at the end 
the cauldron of it all.”
 
Unfamiliarity with a place and behavioral 
norms and high densities of people belonging 
to different social groups increase the 
likelihood of asocial, or even aggressive 
behaviors

Our results revealed several social 
circumstances in which aggressive behavior 
could be triggered. This was supported by all 
three different sources of data. People often 
suggested perceived differences between 
subcultural groups as a possible instigator 
of aggressive behavior. For example, the 
difference between mainstream and 
alternative groups: “P41, male, 19: That is Club 
XX in front of Café YY. Those are two extreme 
opposites in front of each other, which is 
iconic for Stratumseind; that two completely 
different target groups can search for their 
way.” As we already know, Stratumseind has 
such a diverse selection of different bars that 
the chance that groups collide is indeed high: 
“P39, male, 24: Yes, I can imagine that there 
are many different bars, also different types 
of bars are close together. Therefore you have 
a lot of different cultures, which easily get in 
each other’s face. Especially after closing time 
and then it clashes...”; “P38, male, 24: Yes, 
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many bars have their own identity and then, 
when everyone goes outside...” Police also 
mentioned the possible influence of cultural 
differences: “Police Representative: Because 
a lot of people go there, also a lot of different 
people, so you have a lot of people together 
with different origins. [for example] Club XX, 
Bars YY and ZZ, because they attract a lot of 
minorities <...> So that’s where too many 
different cultures meet.” 
Furthermore, experts indicated that 
aggression may be enhanced by people’s 
unfamiliarity with Stratumseind which differs 
per weekend day: “Bar Owner 4: <…> and 
on Saturday they come from outside the 
city. The Friday is a real Eindhoven party and 
you can meet everyone you know and on 
Saturday you see more unfamiliar people.” 
If the crowd is diverse and less familiar with 
the environment chances are that they will 
not be aware of the behavioral norms in this 
environment and have a different idea of a 
typical night out. 

Crowding increases the likelihood of 
aggressive behavior

Our observations took place in the summer. 
During most of the nights the weather was 
good and a lot of people lingered outside. 
Stratumseind is a narrow street with a high 
density of bars, so at times it can get very 
crowded. People gather, meet, socialize, 
dance, and drink outside: “PS10, Female, 28: 
I like that there’s music coming outside so 
you can stay on the street and dance a little 
<…>.”; “PS7, Male, 24: <…> in the places I 
like to hang more you can choose between 
a little bit of music outside and just sit and 
hang there, or inside <…>.”; “PS5, Female, 
23: Alright, at the beginning, near the church 
at YZ and ZZ there are always a lot of people 
outside, the first few bars. <…> When you 
walk further down, the street gets smaller 
so it is more crowded. Especially when it is 
later, later in the evening, like 1 or 2 in the 
evening.” Stratumseind usually reaches its 
peak density around midnight around closing 

time (at 2:00AM on Thursdays or 4:00AM 
on Fridays and Saturdays). People go out on 
the street for various reasons - some to leave 
the street, others to get their jackets from 
the wardrobes, which are outside the bars, 
some to go to another pub. At times, moving 
through is almost impossible and people have 
to wait, standing very close to each other. In 
these situations, frustrations and annoyances 
emerge, mostly because some individuals 
start to exhibit asocial behaviors (e.g., push 
through the crowd): “PS10, Female, 28: A 
lot of people are grabbing you and talking 
to you and being obnoxious because they’re 
drunk. And often they’re blocking your way 
when you are trying to walk through. Yeah 
so…”; “PS3, Male, 26: Well one of the things 
I don’t like is when it’s crowded, <…> it is 
very crowded to walk through, so then the 
walkway is too narrow, the walking area is too 
small. That’s a problem, because then you can 
get some people to get aggressive, because 
you come too close for their feeling, so that’s 
one thing I don’t like.”; “PS8, Female, 26: But 
when you’re outside and it’s crowded and 
people bump into each other, it sometimes 
is not so fun because you get into conflicts.” 
So negative affect caused by crowding in 
combination with alcohol sometimes can 
lead to aggression. Moreover, if incidents 
occur during these crowded situations, police 
work becomes more difficult as it gets harder 
to reach the location of the incident. “Police 
Representative: The only thing that matters is 
the incident, but because there are so many 
people, it becomes difficult for us to do our 
job.” 
In conclusion, Stratumseind at times can get 
crowded. Across different sources, our data 
shows that besides the fact that crowding 
disturbs the work of police and other services, 
such as ambulances, crowding can cause 
frustration and induce negative affect, as well 
as negatively influence visitors’ experience. 
More importantly, crowding, as an aspect of 
the socio-physical context, increases the risk 
of escalations and aggressive behavior. 
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Small groups of young males with ‘macho’ 
attitudes are more likely to aggress 

During the six observation nights we did not 
observe any acts of severe aggression or 
violence that would call for an intervention or 
arrest by the police; few were also reported in 
the police records. We did ask our experts and 
visitors to describe the typical aggressors on 
Stratumseind. The police officer mentioned 
that heightened arousal, testosterone levels 
and cultural background are important 
factors to take into account, when describing 
potential aggressors: “Police Representative: 
Those who exhibit macho behavior. They 
have little tolerance for each other and want 
to settle arguments through fighting.” What 
we notice is that certain type of music at the 
closing hour can create a certain atmosphere 
and then people come outside with certain 
levels of adrenaline...”. Other experts shared 
that (young) males are more likely to engage 
in violence than females: “Bar Owner 2: 
Rarely women. 1 out of 20, I guess.” and 
“Bar Owner 5: Usually they are somewhat 
younger guys. They come in groups and feel 
as if they need to prove themselves.” Even if 
the fight is sometimes started between girls, 
usually men take over: “Security 3: Yes, girls 
are not so bad. But that’s maybe because the 
majority of the crowd are men. And even if 
there’s something that was started by girls, 
men take over and it escalates among them.” 
More severe cases of aggression usually 
involve small groups (e.g., football club 
fans), often consisting of male adolescents, 
exhibiting specific ‘showing off’ behaviors: 
“Security 1: Yes, and sometimes gangs with 
specific behavior. <…> young males, street 
guys, who most likely have no money. And 
therefore they come to consciously play 
predators in small groups of four or five.” 
Similar attitudes, ‘wanting to impress’ and 
‘macho’ personalities were also mentioned 
by the visitors as traits of aggressors: “P16, 
female, 19: Yes, macho behavior and checking 
who’s better. And, yes, then some guys find 
it cool to be like this in front of the women. 

Well, I don’t find it nice, but everyone is 
different and maybe it is acceptable for other 
people.”; “PS8, Female, 26: Yeah, it’s always 
the macho guys. It’s not the students; it also 
doesn’t happen on Thursdays. That’s really 
nice but sometimes there are these guys who 
want to impress girls and yeah, some, some 
just look like they want to do it for fun.”
In sum, based on interviews with visitors and 
experts, it seems that a profile of the typical 
Stratumseind’s aggressor exists, however this 
profile seems to be more likely to be seen 
involved in severe and registered cases of 
aggression, than represent the more general 
experience of aggression of the whole crowd.
 
Incidents of aggression, as reported in the 
police reports, do not reflect what aggression 
is or how it is experienced by visitors

Interviews with visitors revealed an interesting 
finding: people expect to witness aggression 
on Stratumseind. Even if visitors at the time of 
the interview had not seen aggression, most 
of them indicated that they expected to see 
asocial or aggressive behavior somewhere 
throughout the course of the night: “Q: And 
aggressive behavior? P62, female, 19: Not 
yet. I say not yet, because generally, speaking 
from experience, now and then you see 
some aggression here...”; “Q: Okay and have 
you seen anything annoying this evening? 
P55, male, 27: No, not yet.” Perhaps people 
indeed expect to see aggression because 
they experienced it there in the past, or 
because in the media Stratumseind is often 
associated with aggression, however, visitors’ 
expectations did not appear to reflect the 
actual occurrence or frequency of incidents 
at the times of observations. 
As mentioned above, we did not observe 
severe acts of aggression or violence. 
Moreover, police reports from the days of 
our studies also showed low numbers of 
incidents reported to the central system. 
This, however, does not mean that we did 
not observe aggression, as we did record 
harsh and aggressive interactions among 
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Stratumseind visitors, e.g. yelling or swearing 
at each other, pushing and pulling, purposely 
blocking the road for the others or making 
threats. To illustrate this, we compared 
the police reports on the atmosphere and 
number of arrests on two Saturdays of our 
observations. During the first Saturday, which 
was described as calm, six arrests were made 
in total, whereas the second observation 
Saturday, which was described as tense and 
full of negative emotions, resulted in (only) 
eight arrests. It seems that the number of 
arrests or aggressive incidents reported 
in official statistics does not necessarily 
represent the experience of aggression or the 
overall experience of Stratumseind. 

5 Discussion
With this qualitative case study, we aimed 
to investigate the role of the socio-physical 
context on the development of aggression 
in urban nightlife settings, and to explicate 
how aggression may emerge from the 
reciprocal interactions between person 
and environment. Using a multi-method 
approach, followed by thematic analysis, we, 
in particular, investigated how aggression 
in larger groups emerges and unfolds over 
time, and how changes in the socio-physical 
environment co-occur with changing patterns 
of aggressive behavior. In addition, we 
aimed to identify relevant behavioral and/or 
situational markers for predicting aggression. 
Stratumseind is a relatively enclosed urban 
area devoted to nightlife entertainment. 
However, our research shows that we 
cannot speak of Stratumseind as a single 
and static entity. The two physical parts of 
the street accommodate crowds that differ 
in size and demographics in accordance 
with the different density and types of bars 
in each of these parts. Furthermore, crowd 
characteristics differ depending on the 
going-out night. Even during one night, the 
appearance of Stratumseind is in constant 
flux, changing as the night evolves. Different 
people come and go, leaving their footprints 
on Stratumseind. We found that, in particular, 

the ratio of visitors who are unfamiliar with 
Stratumseind, and groups of visitors showing 
‘macho’ attitudes make up an important part 
of the socio-physical context. Moreover, and 
in line with the literature, we observed that as 
the crowd gets gradually intoxicated, alcohol 
seems to influence the quality of social 
interactions (Graham, West & Wells, 2000; 
Graham et al., 1998; Keane & Lisman, 1980). 
Our results call attention to the complexity 
of the “real world” when studying the 
development of aggression, and underscore 
the importance of a research approach that 
is sensitive to these dynamic changes in the 
socio-physical environment over the course 
of a night. This is in line with the ecological 
approach proposed by Goldstein (1994).
Aggression on Stratumseind to date is 
often inferred from incident rates in police 
reports. These reports, however, only include 
registered disturbances and acts of violence, 
which neither fully reflect what aggression on 
Stratumseind is, nor how visitors experience 
it. Through our observations, we discovered 
that other types of aggression exist and they 
are not registered alongside violent incidents 
in police reports. These are typically milder 
in form and extent, yet more frequent, 
more shared and more directed at every- or 
anyone in the street. Moreover, throughout 
all sources of our data we found that the 
experience of tension and the subsequent 
anticipation of aggression, as a result of 
these observed or experienced deteriorating 
interactions within the crowd, better reflect 
the experience of aggression on the street. 
Even when visitors had not witnessed severe 
or mild forms of aggression, many expect 
aggression over the course of the night, 
particularly when the atmosphere is tense. 
Indeed, consistently through observations 
and interviews with visitors, bar personnel, 
and police, we learned that one of the most 
distinctive and relevant characteristic of the 
socio-physical environment at any given time 
was the atmosphere. Sensed by all groups 
of Stratumseind users—visitors, police, and 
third parties, such as researchers alike—
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atmosphere by and large is the result of 
people’s interactions with each other and 
with their immediate physical environment. 
Atmosphere was observed to be dynamic, 
influenced by external happenings, and thus 
subject to change over the course of the 
night. Our results suggest that atmosphere 
may affect the likelihood that an individual will 
aggress, and thus that changes in atmosphere 
are a potentially interesting indicator of the 
development of aggression in urban nightlife 
areas. Although such a causal link between 
changes in atmosphere and aggression 
cannot be established on the basis of the 
current analysis, our data do demonstrate 
that negative atmosphere and the resulting 
anticipation of aggression are in themselves 
unwanted and relevant to address if one 
wants to improve the quality and experience 
of urban areas.
At the level of a single social interaction, or 
episode in the General Aggression Model 
(GAM, Anderson, Deuser, & DeNeve, 1995), 
the changing atmosphere on Stratumseind 
can be considered as a part of the immediate 
situation in which that episode takes 
place. On Stratumseind we recognize distal 
(expectations, earlier experiences) as well 
as the proximate (individual, situation, 
psychological state, intoxication levels, 
appraisals of the context) influences on 
aggressive behavior. However, this individual-
centered and episode-based GAM perspective 
somehow does not sufficiently emphasize the 
essence of what happens in the street. 
While each individual visitor processes the 
atmosphere in the street as context, their 
subsequent behavior on Stratumseind biases 
the context for others. This co-shaping of 
each other’s experiences clearly reflects 
the interactionist perspective forwarded 
by Goldstein (1994), in which neither the 
individual, nor the social and physical 
environment are independently accountable 
for aggression, but in which members of the 
crowd reciprocally influence each other, at 
the same time a victim to and propagator 
of the building tension in the street. Thus, 

our study suggests that although certain 
personalities and visitor profiles may be 
more likely to exhibit aggressive or even 
violent behavior, everyone on Stratumseind 
can become susceptible to aggression – at 
least up to the level of the milder bouts 
of negative interactions we encountered 
frequently, due to strong influences of ever 
changing situational factors, such as tense 
atmospheres, intoxication, crowding.
Atmosphere has been studied in the context 
of retail environments affecting buying 
behavior (e.g., Kotler, 1973; Donovan & 
Rossiter, 1982; Donovan, Rossiter, Marcoolyn 
& Nesdale, 1994, Turley & Milliman, 2000), 
as a determinant of the overall experience of 
places and events, including sports games in 
the large stadiums (e.g., Uhrich & Benkenstein, 
2010), and for the home environment (e.g., 
Pennartz, 1986). In this line of research, 
scholars agree that atmosphere can be sensed 
(Kotler, 1973) and that it emerges through 
reciprocal relationship between people and 
the physical environment (Turley & Milliman, 
2000; Pennartz, 1986). Some researchers 
have suggested that environmental and/or 
social components of atmosphere, including 
ambient factors, such as colors and sounds, 
have the potential to bias psychological states 
(e.g., high arousal, positive affect), which in 
turn may influence people’s behavior (Turley 
& Milliman, 2000; Donovan & Rossiter, 
1982). Our work suggests that atmosphere 
emerges through people and environment 
interactions. We discovered that it was a 
real and tangible characteristic of our socio-
physical setting. We use the terms ‘real’ and 
‘tangible’ to illustrate that this phenomenon 
- which in other literature is often implicitly 
referred to as volatile or abstract - was 
actually very present in the accounts of all the 
different stakeholders and that, regardless of 
their role or perspective, they sensed and 
described it in very similar ways. Atmosphere, 
we learned, pertains to a mood-like, but extra-
individual state of the given socio-physical 
setting, it is a property of both the crowd 
and the environment that can be sensed 
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and observed by all those present through 
extra-individual patterns of behavior, i.e., in 
commonalities in expressions, interactions, 
and communications. 

5.1� Limitations�and�future�studies
First, due to its qualitative and explorative 
nature, no causal inferences can or should be 
drawn from our observations. We noted that 
changes in the socio-physical environment 
co-occur with changing patterns of aggressive 
behavior. Based on our findings we suggest 
that atmosphere may affect the likelihood 
that an individual will aggress, and thus 
that changes in atmosphere are potentially 
interesting indicators of the development 
of aggression in urban nightlife areas. It 
should be made explicit, however, that the 
current status of this suggestion is that of a 
hypothesis, one that we propose would be 
relevant to test in future studies.  
Second, although our data collection 
extended over multiple days and numerous 
hours, each acting as a benchmark for the 
others, our research had Stratumseind as 
the single case. A relevant question, thus, 
is to what extent our findings are relevant 
and applicable to other urban (nightlife or 
entertainment) contexts. Because of each 
setting’s uniqueness, atmosphere and the 
role it plays may vary across contexts. In our 
case, atmosphere appeared to be strongly 
determined by the continuous interactions 
between Stratumseind visitors and their social 
and physical environment, by their mood 
and intoxication levels, and by crowding. In a 
different context the role of other situational 
variables may well become more prominent. 
It would thus be very valuable to investigate 
the dynamic changes in and effects of 
atmosphere in other places susceptible to 
aggression. Also, although we excluded days 
with events that would be considered atypical 
for the Stratumseind nightlife, inclusion of 
days was a least partly pragmatic, i.e., we 
did not draw a representative sample of 
days across the year or seasons. We hence 
cannot generalize our findings to for instance 

extreme weather conditions.  
In terms of capturing the essence of 
Stratumseind nightlife, we need to 
acknowledge that forty hours of observation 
still make up only a small fraction of the entire 
year. They cover only one season, for instance, 
but they did include a few days with special 
events (a street party, football matches), as 
well as days without them. Moreover, the 
interviews with stakeholders – police, bar 
personnel, visitors – covered their experiences 
over a more extended time frame and hence 
complemented the observations and police 
reports also in a temporal perspective. We 
also acknowledge that the sample size of 
the interviews with security staff and police 
was rather small – three and one. Although 
we were still able to draw conclusions from 
this data, perhaps in the future it would be 
interesting and valuable to inquire these 
specific groups of stakeholders once more 
to see how their respective roles might 
influence their general view on atmosphere 
and its relation with aggression, their beliefs 
with regard to the environmental influences 
on people’s behavior, and how they try to 
prevent or deal with aggressive situations and 
atmospheres. 

5.2� Conclusion
In the context of research in naturalistic 
settings, our study suggests that atmosphere, 
as an attribute of the socio-physical context, 
is strongly related to the emergence of 
aggression and tension in public spaces 
such as Stratumseind. At the individual 
level, it appears to play its part as proximate 
determinant of behavior; at the crowd level 
it reflects the synergetic product of all those 
persons’ states, behaviors and interactions. 
Our work also showed that to isolate and 
capture all the aggressive behaviors that are 
happening in a naturalistic setting would be 
extremely difficult, if not impossible, and 
that an alternative measure is necessary. 
Thus, we strongly believe that to increase 
our understanding of and potential grip 
on aggression in urban spaces such as 
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Stratumseind, atmosphere at the crowd 
level becomes an extremely important 
construct. In the future, manipulating or 
nudging the atmosphere, possibly through 
environmental interventions, may offer an 
interesting intervention to prevent or reduce 
unwanted, asocial and aggressive behaviors 
in an urban nightlife setting. Yet before we 
can contemplate how to potentially ‘nudge’ 
it, defining, capturing, and perhaps even 
quantifying it presents a major challenge for 
future research. 



Intermezzo I:
Behind the scenes - Design explorations I
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I have used a flashlight for design purposes 
before. To be more precise, I used my dad’s 
Maglite to light up my face from beneath to 
scare off the younger kids who were playing 
in our house. And one more time, in a bit 
more serious context – art school. Then, 
some 15 years ago, I used light to enhance 
the visual experience of my sculpture piece. I 
played with a light fixture by moving it around 
the space to find the best spot revealing my 
workpiece’s texture and shape. I tried to show 
and hide sharp and dull corners and enhance 
the contrast between white shades of plaster 
and dark shadows. I wanted viewers to see 
the object and space, and the object in space. 
I guess, up until now this was my closest 
attempt to design or create using light. At the 
time though, I had no idea about the power 
of light to influence humans, nor about the 
possibilities that light design can offer to a 
creative spirit. 
In the dawn of 2014 I was pointed to a PhD 
position in the De-escalate project. My 
promoter, who already knew me from my MSc 
studies, said that this was a project made for 
me, since it was going to be happening on the 
crossroads between design and psychology. 
Two disciplines that are all about humans. 
Or should be. And humans are the beings 
that interest me the most on this planet. So 
I said yes. And although I was not completely 
confident in my (lighting) design skills, I knew 
that eventually I would learn a lot: if not how 
to design light myself, then I’d understand 
how others design it. And I did. Boy, I did. In 
this first intermezzo you will be introduced to 
my ‘on a side’ design explorations, which are 
not necessarily directly related to the aims 
of the De-escalate project and Stratumseind, 
but which are my attempts to learn about 
how to bring lighting design and psychology 
together in experiential art installations.
During each of these projects, I collaborated 
with different people without whom none of 
these works would have ever seen the light 
of the day. Or should I say, the darkness of 
the night. The most prominent one is my 
first lighting teacher, lighting designer Vinny 

Jones. She was the one who allowed me to be 
creative and who trusted my imagination, even 
though she knew I had never touched a DMX 
controller before. That same year, Philip Ross 
asked for my expertise in human behavior to 
design his installation during GLOW NEXT’14. 
Philip inspired me to continue to think how 
light can be used in creating experiences 
instead of just static visual installations (for 
example, on occasions such as GLOW festival 
of lights). Finally, Joep le Blanc and Randi Nuij, 
by now my dear friends, became my adopted 
brother and sister, who, together with Philip 
Ross, helped me to translate my concept of 
restorative light into an actual piece of art 
during GLOW’16. So, without further ado, I 
invite you to read how these ideas were born 
and how all these collaborations happened.

Experiencing Light’14 Conference 
Dinner Show – Eating light
Collaboration with Vinny Jones 

INTRO
On the one hand, scientific journals are filled 
with research findings indicating effects that 
light may have on people, including circadian 
rhythms, moods, behavior. On the other 
hand, these findings are scarcely taken into 
consideration when designing products, 
experiences, services, or spaces for daily use. 
This is not surprising, as conclusions made 
by scientists are not always straightforward 
and need more investigation. Moreover, 
often, the effects of light are investigated 
in enclosed laboratory settings that lack 
ecological validity. In addition, science and 
design speak slightly different languages or 
at least different dialects. Therefore, we need 
well-trained people who understand both 
sides and are thus able to translate between 
abstract and theoretical scientific tone and 
embedded but sometimes chaotic creative 
tunes and vice versa. 
The Eating Light project was aimed to bridge 
science and design to enhance and add value 
to the conference dinner. For that purpose, 
we designed a dinner installation that aimed 
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to influence the experience of eating and 
at the same time served as an experiment 
to explore how scientific knowledge could 
be translated into design guidelines, but 
also how design can lead to discoveries and 
inspiration for research. 

CONTEXT & CONCEPT
Experiencing Light is a conference 
series aimed at lighting researchers and 
professionals from various disciplines, mainly 
focused on topics related to the psychology 
of light. Lighting designer Vinny Jones and I 
were asked to design a dinner show for the 
conference guests. 
The conference dinner took place at the end 
of the first day in a nearby venue –  Ketelhuis –  
that is an old boiler room transformed into a 

restaurant on Strijp-S, Eindhoven. It offered us 
a large industrial space with an urban, hipster 
ambience (see Figure 1). Very high ceilings, 
large windows, grey, stained plaster on the 
walls, vintage furniture – all together making 
up a fading image of the past function of this 
building and the new life that was brought to 
it by its visitors and owners. Ketelhuis, thus, 
was not a white canvas offering freedom 
for design explorations. Instead, being so 
very specific and defined, it posed several 
challenges to achieve the effects that we 
intended.
After a few meetings and fruitful brainstorm 
sessions we narrowed down to a set of 
focus points that were important to us in 
our ‘show’. First, we wanted to explore how 
by using light we could influence behavior 

Figure 1 Raw interior of Ketelhuis
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and perception of dinner guests. Second, 
we wanted to explore how light can be used 
to create different social climates. And, 
finally, we wanted to theatrically illustrate 
the effects of light that most of the dinner 
guests are studying in their labs on a daily 
basis. To achieve these goals we took a ‘quick 
and dirty’ approach to explore the following 
topics in the literature about light: light and 
social interaction, light and perception, light 
and attention – as a guide and signal, light and 
behavior, light and space, light and physiology 
– circadian rhythm. 
By ‘quick and dirty’, I mean that we scrolled 
through major findings of various scholarly 
and popular science articles to find the most 
prominent effects of light that are known 
today. Then, we wrote a script, or scenario, 
for the dinner show. This script helped us to 
finalize and visualize our concept – define the 
main storyline, find structure in space, divide 
space into areas and transform a typical 
dinner into a small theater show. 
Finally, after the script was ready and we had 
collected a bunch of literature to inspire us in 
putting the show together and visualize the 
kind of light effects that we wanted to achieve 
in each stage of the show, we had a talk with 
our tech-support – Living Projects. In other 
words, we presented our script to them and 
they proposed a lighting plan that included 
the fixtures needed to achieve our goals and 
the ways to control those fixtures. 
When all things were arranged and in place, 
the day arrived to build the stage, program 
the lights and rehearse the scenarios. With 
help of volunteers from the HTI group and 
their family members, together with Living 
Projects’ staff, the lighting fixtures were 
delivered and the space was set up for the 
show on Saturday morning – 2 days before 
the dinner show. The first tests started the 
same day in the afternoon and so we had 
almost a full 48 hours to perfect our scenario, 
program the lights that could be programmed 
and rehearse the script.

SET UP
In Figure 2 a rough lighting plan including 
type and positioning of lighting fixtures is 
presented. Below I describe each of the 
spaces in relation to the movement of guests 
during the dinner.
After entering the room, the guests first stayed 
in the socializing space, where on 5 high pub 
tables entrees were later served. The accent 
of the socializing space were the RGB moving 
beam lights that were placed over each table. 
For the main course, guests were invited to 
sit down in the seated area, where two rows 
of long tables were arranged in parallel. The 
accents or attention points in the seated area 
were individual LED bubbles placed in a row 
in the middle of each table. Light bubbles 
were placed some 15-20 centimeters from 
each other and were distributed evenly along 
the length of each table. Guests stayed in the 
seated are until after dessert. 
Next, to create ambience, the wall and 
ceiling on the opposite side of the seated 
area were lit by 5 wall-washers. Finally, on 
the long catwalk in the middle of the space 
we put a centerpiece. It was made of hanging 
translucent plastic foil (from the ceiling 
down) and dreamy, dimmable paper light 
balloons. The main aim of this decoration was 
to somewhat counterbalance the industrial  
interior of the place and use translucent 
plastic foil and white paper spheres to 
catch the light across the space. In Figure 3 
I illustrate what each of the areas described 
above looked like. 

THE DINNER SHOW – LIGHT BEHAVIORS 
AND SCRIPT
Over the three hours that dinner took place, 
we simulated a transition from the late 
afternoon through night to bright morning 
using light scenarios. In our installation we 
theatrically mimicked the sun’s behavior to 
indicate different stages of the dinner show, in 
which we intended to induce different moods 
and social atmospheres. In Figure 4 the 
schematic overview of the scenario is 
presented. 
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As can be seen in Figure 4, each main scene 
on the ‘light menu’ – the late afternoon, night 
and morning – was coupled with the food 
menu – entrée, main course and dessert. 
The transitions were used to guide people 
from one area in the space to another, and 
to indicate the beginning of the new scene on 
the light menu and/or the next course on a 

food menu. 
 Our guests were not informed in 
advance about any effects that our light 
design was meant to have on their behaviors, 
perceptions, and moods. However, since 
this was a light show meant to enhance 
the experience of dining and to illustrate 
the possible ways of manipulating light as a 

Figure 2: Scheme illustrating the placement of luminaires in the Kettlehuis space

Figure 3: Examples photographs of working installation
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contextual factor to influence behaviors and 
social atmosphere, we wanted to share our 
thoughts and intentions with our guests. 
Therefore each of the guests was presented 
with a ‘light menu’. However, choosing red 
and blue paper and a rather tiny font to print 
out the menus helped us to hide its content 
until the last transition of the show – Wake 
up! Thus, most guests (except for the ones 
who had very good glasses or peaked in it in 
different light conditions) only learned what 
had been on the light menu after the show 
was over.
one area in the space to another and to 
indicate the beginning of the new scene on 
the light menu and/or the next course on a 
food menu. The light behavior in each scene 
and transition, and our intentions behind 
design decisions can be found in appendix A.
 Our guests were not informed in 
advance about any effects that our light 
design was meant to have on their behaviors, 
perceptions and moods. However, since 
this was a light show meant to enhance 
the experience of dining and to illustrate 
the possible ways of manipulating light as a 
contextual factor to influence behaviors and 

social atmosphere, we wanted to share our 
thoughts and intentions with our guests. 
Therefore each of the guests was presented 
with a ‘light menu’, see Figure X. However 
choosing red and blue paper and rather tiny 
font to print out the menus, helped us to hide 
its content until the last transition of the show 
– Wake up! Thus, most guests (except for the 
ones who had very good glasses or peaked in 
it in different light conditions) only learned 
what was on the light menu after the show 
was over.

OUTRO 
AAll in all, this show was a success. We 
received praise from the guests; the waiters 
and the kitchen staff were also impressed 
and enjoyed the process of collaboration and 
spying on the guests. Although Eating Light 
was not a scientific experiment that could 
confirm influences of light on behavior (e.g., 
directing people from one place to another) 
or social climate (e.g., that our installation 
indeed induced significantly more social 
and friendly atmospheres), it was a subtle, 
but rich design exploration, which provided 
us with great insights on how people may 

Figure 4: Schematic overview of lighting scenario in relation to dinner courses
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respond to light. It outlined the potential 
to explore how light could be used in other 
contexts. For example, with directive light on 
the tables we intended to attract people’s 
attention and gently guided them to sit down. 
However, as we noticed it worked only at the 
beginning of a transition, as after more and 
more people started to move towards the 
seated area, most likely, it was no longer the 
light that made people move towards the 
tables, but others’ behavior. The way that 
people responded to the food being lit by 
different colors illustrated light’s potential to 
change how we perceive the world, including 
taste. This observed effect hinted that we, 
as designers, have to be very attentive when 
using color as an attribute of light, as the same 
things may look very different under different 
lighting conditions. In the context of De-
escalate that would be especially relevant in 
how we perceive other people under different 
lighting conditions (e.g., on Stratumseind). 
Finally, I personally learned that setting up an 
installation is relatively easy in an enclosed 
space, such as Ketelhuis. We were able to 
decide which lights we would be switching 
on and which off, and exactly what intensity 
and what mix of color we wanted. However, 
in any outdoor or larger scale environment, 
there will always be other contextual factors 
and noise – lights controlled by other people, 
daylight, weather conditions and so on. I 
suspected that designing and setting up a 
lighting plan in such settings would be much 
more difficult. And, now, looking back, I can 
confirm that it is.

GLOW’14 
Collaboration with Philip Ross – Lux Agitat 
Molem

INTRO 
That fall that I was working on the Eating 
Light dinner, I was also asked to consult Philip 
Ross on his installation. Somewhere earlier 
that year he approached me saying that he 
had in mind to use light to influence people’s 
behavior by designing an installation for the 

GlowNext’14 festival and asking whether 
I would be interested to help him further 
develop his concept. I said yes! 
In short, for Glow Next’14 we aimed to 
design an artistic light installation that would 
illustrate our relationship with light and 
would let us explore the potential of light to 
influence people’s behavior, in particular – 
walking patterns. 

THE INSTALLATION
After many brainstorm and idea generation 
sessions we eventually came up with the 
final design of our installation. The GLOW 

Figure 5: Snapshot of lighting scenario
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Figure 6: GLOW’14 visitors passing by

organization granted us an approximately 
70 meters long walkway, paved with 1x2m 
tiles that were distributed over three lanes 
(see Figure 5). Each set of two lights worked 
as a programmable light pixel – we could 
turn these pixels ON/OFF or dim/increase 
the intensity of the light (see Figure 5). 
We designed a dynamic light scenario 
that would flow along the walkway in the 
walking direction. In this scenario several 
light behaviors were integrated to influence 
people’s walking patterns. For example, at 
some points along the way, the tiles in front of 
the walker would become dark and the light 
would switch to the other lane(s), suggesting 
the route had changed. Sometimes the whole 
row of tiles, to the left or to the right of the 
walker, would light up with high intensity 
attracting their attention and perhaps asking 
to switch the lanes. Or the whole row of 
lights would gradually move from left to right, 
nudging the walker to do the same. The light 
behavior was synchronized with a music piece 
– La Moldau by Smetana, but slowed down 
several times for 
the reason that will be explained later on. 

We used a camera, placed at the end of the 
walkway to continuously record the walking 
people and crowds (Figure 6). Just around 
the corner of the installation, Glow visitors 
were able to see the camera footage of 
themselves walking along the walkway. In 
addition, the screens projected the question: 
“Did light move you?”. Here everyone was 
able to observe how they reacted to the 
light patterns. Moreover, if they had not yet 
already thought about their relationship with 
light, the question posed on the screen was 
intended do make them do exactly that. The 
footage was synchronized with the music 
that people could hear and thus created an 
audiovisual experience merging music, light, 
and walking people. 
We observed how the crowd members often 
discussed their behaviors in relation to light 
while watching the recordings. Sometimes 
they were surprised seeing that they did 
respond to light unconsciously. Overall, 
we received many positive reactions from 
GlowNext’14 visitors and that was already 
pleasing us. In addition, later that year we 
asked an Industrial Design (TU/e) master 
student to go through some of the video 
materials and investigate people’s response 
to the light. Although this study only provided 
a qualitative overview, Anne Spaa was able 
to recognize and code numerous examples 
of how people responded to various light 
cues (e.g., turn their heads, jump, switch 
lanes, increase the speed). This suggests that 
with further explorations and perhaps more 
controlled experiments light has the potential 
to influence movements of crowd. 

OUTRO
I would label this installation ‘research 
through design’. Indeed, as I just mentioned 
above, we were not able to make strong 
conclusions of how light affects people’s 
walking behavior. Yet, with installations such 
as Lux Agitat Molem we, designers, are able 
to develop intuitions into hypotheses about 
relationships between humans and light, 
which in the future can also be tested more 
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systematically in a controlled scientific setting. 
Next, once more, working in the field and with 
real people (participants), provided us with 
insights that cannot be attained in a controlled 
laboratory setting. For example, GlowNext 
that year had over 60.000 visitors, offering us 
an enormous number of participants. Finally, 
our installation may be inspiring for solutions 
where people’s movement in public space 
is concerned, for example, the De-escalate 
project or cities’ strategies for lighting plans 
in public spaces. I personally learned here to 
combine and balance my intuition, artistic 
insights and theoretical knowledge, which 
I believe are extremely relevant skills when 
doing research or designing in a field setting.

GLOW’16 
Collaboration with Joep le Blanc, Philip Ross 
and Randi Nuij – ART

INTRO 
After participating in GLOW once, I got 
hooked. However, in 2015 I did not manage to 
finalize a proposal for an installation (my first 
big field study, described in the EMPIRICAL 
part of the book – Chapter III, took place that 
year and I was busy enough to keep those 
lights going). But ideas were brewing in my 
head and I knew that something would land 
for the next year. And it did. This piece is about 
our GlowNext’16 installation #23 – A.R.T.
Often, when I walked earlier GLOW routes, I 
would get very tired, irritated and sometimes 
quite critical of what I saw. One gets tired 
because one’s movements are often 
constrained within the busy GLOW crowd – 
there are thousands and thousands of people 
walking GLOW, close to each other and at 
a slow pace. Fighting for my own personal 
space and adjusting to others’ walking pace 
eventually becomes irritating, almost making 
me forget to enjoy the installations that I visit. 
Instead, I get stressed and try to escape as 
fast as possible to somewhere more quiet. 
I get very critical, because the installations 
that I do visit are not always as exciting as 
I expected or hoped them to be. A lot of 

installations nowadays give their viewers little 
more than aesthetic visual stimulation. But 
I, I want an experience, questions, food for 
thought. I want installations that would fit in 
my definition of art. 
Art, including light art, is often meant to 
provide an experience, raise and answer 
questions, confuse people, explain things, 
raise awareness and so on. And this is why I 
wanted to design an installation that would 
give tired, irritated and critical people like me 
a restorative experience. An experience that 
could potentially give them a bit more energy 
to continue walking the GLOW route, and 
remain critical by raising the question about 
what light installations and light festivals are 
actually all about. 
I proposed my concept to some people in the 
GLOW organization, had a chat with Philip Ross 
about potentially collaborating on this idea, 
and read up on restorative environments. I 
began to envision this installation, based on 
my personal experiences and what I found in 
the literature, and me and Philip decided to 
make this happen. But we needed some extra 
help and this is how Randi and Joep joined 
our team. 
So what was the theory behind our design? 
Nature has been shown to be beneficial to 
our wellbeing. Attention Restoration Theory 
(ART); (Kaplan & Kaplan, 1989) suggests that 
interactions with nature help us to replenish 
our inner self by restoring what they call 
directed attention fatigue – the depletion of 
our inner resource to control and direct our 
thoughts and attention. Whilst most of the 
research on restorative properties of nature 
has been conducted during the day, recent 
studies show that by using light, or lighting up 
the trees to be precise, we can achieve the 
same or similar restorative effects in darker 
periods of the day (Nikunen & Korpela, 2012; 
Nikunen, Puolakka, Rantakallio Korpela & 
Halonen, 2014). Inspired by the latter and with 
the four principles of ART – soft fascination, 
experience of being away, extent or scope 
of the environment, and compatibility with 
one’s needs – as foundation, we designed 
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an audiovisual installation aimed to provide 
GLOW visitors with a restorative experience.

THE INSTALLATION 
SET UP

The GLOW organization granted us a 250 m 
long walkway on TU/e campus (de Zaale, see 
Figure 7). It is a road surrounded by buildings 
and parking spaces. The main greenery there 
consists of several rows of sycamore trees on 
each side of the road. All in all it was not really 
the greenest or most nature saturated part of 
the campus, thus challenging us to turn it into 

Figure 7: Google map screenshot of installation area – bird eye view with marked beginning, end and walking direction 
of the installation

Figure 8: View of the ART perspective during the day from the ground level

a restorative natural environment. 
Our installation used two mediums – light 
and sound - where the light’s behavior was 
directed by live input from nature. In our 
case we chose for wind speed, as wind is 
something that cannot only be heard, but 
also felt. Since wind is almost tangible, we 
believed that when it would be synchronized 
with the light’s behavior – adding also visual 
cues –  it might increase the feeling of 
immersion in installation. As can be seen in 
Figure 7, the end of the installation was the 
arch under the Atlas building. The arch is a 
manmade architectural structure and in our 
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installation it served as a soft focus point – 
being at the end of the installation, it was 
something that people were walking towards 
(see the picture of it in the daylight from the 
eye height, Figure 8). We therefore decided 
to use it as an exit gate, signaling the end of 
our installation. We distributed 36 lighting 
fixtures along the walkway lighting up the 
trees. The four remaining lights were used to 
create the light gate – exit – under the arch. 
The soundscape that was designed for this 
installation came out of five pairs of speakers 
distributed evenly along the walkway, one 
on each side, and two extra subwoofers. 
The structural overview of the placement of 
lighting fixtures and speakers is presented in 
Figure 9.
Now let us talk about the behaviors of lighting 
scenario and content of the soundscape. 
Our intention was for the lighting fixtures to 
mainly highlight the trees and other greenery 
to create a mystical, calming image, drawing 
viewers’ attention to the beauty of the trees, 
yet not asking for fixation. To find the perfect 
position of each of the fixtures, we mainly 
played with light and shadows and the natural 
structure of the trees (branches, stems and 
the texture of their surface, Figure 10). The 
lights at the gate under the arch highlighted 
the architectural properties of the building, 
revealing its beauty and transitioning people 
back from nature to the urban environment 

(see Figure 10). The behavior of all 40 light 
fixtures was programmed by creating a 20x2 
pixel matrix and running a video file over 
it. This allowed us to create dynamic light 
effects – subtle changes in brightness levels 
that were moving along the walkway towards 
the arch. On top of that, the intensity of lights 
along the walkway was influenced by the live 
input from a wind speed sensor at the end 
of the installation. All in all, the intensity of 
the lighting was rather low and soft, creating 
mysterious and calm scenery. 
The sound was designed to mimic nature 
sounds – wind in the trees. To achieve 
smooth transitions between the beginning of 
the installation, the middle section and the 
end, the soundscape was divided into five 
stages (see Figure 9). Stage 1, was designed 
to gently attract visitors’ attention and help 
them transition into calmness.  It sounded as 
a soft gust of wind just as if someone from 
behind the trees and bushes was saying ‘sh…
shush..sha..’ Stages 2 to 5 were all about the 
nature sounds – things that we hear when we 
are in the forest, when the wind blows and 
plays with the dry leaves in autumn, when 
branches are moving softly. This was intended 
to help visitors immerse themselves in the 
nature experience in the dark.
The main difference between Stages 2, 3 
and 4 was the abstraction level, Stage II was 
closest to natural sounds, while Stage 4 had 

Figure 9: A rough scheme of placement of sound system (blue and purple squares) and luminaires
(yellow dots) along the ART path
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more artificial sounds imitating nature. This 
was meant to make a smooth transition from 
nature and the restorative walk to the exit. 
Similar to the way we helped our visitors 
enter the oases of calmness, we wanted them 
to leave it by naturally transitioning back 
into the city, or the next GLOW installation. 
This is why the soundscape in Stage V was 
reflecting abstract sounds of a human-
built environment, which were captured/
encapsulated under the surface of the arch. 
Stage 5 also had two extra subwoofers to 
amplify the sound.

ART & A.R.T.

With A.R.T. we intended to provide GLOW 
visitors with a restorative experience and 
draw their attention to how their environment 
might affect them. We used nature and 
principles of ART (Kaplan & Kaplan, 1989) 
to do so. By focusing on trees and creating 
a calm and immersive installation, we did 
not want to tire our visitors, therefore there 
were no focus points and everyone was able 
to gaze around as they pleased, finding their 
favorite image or images. This design decision 
was influenced by soft fascination – first 
principle of ART. Creating a mysterious, calm, 
and novel environment – a simple road that 
was transformed into a path almost from a 
fairy tale – we intended to follow the being 
away principle of ART. The fact that visitors 
had to walk through the installation and the 
whole set up providing visual extent and 
depth was the result of us trying to achieve 
scope and extent in the environment – a third 
principle of ART. And finally, compatibility 
with one’s needs, was interpreted as need for 
restoration and replenishment while walking 
the GLOW route. So this is how A.R.T. was 
born from our interpretation of ART.  But 
were we able to achieve what we wanted to? 
Did we offer GLOW visitors the restoration 
that we promised? We did ask people about 
what they thought about our installation and 
I discuss this and my personal reflections on 
A.R.T. in the following section. 

OUTRO
All in all, A.R.T. was a great success that filled 
our hearts with joy! Based on what we heard 
from the interviews with our visitors and 
while spying on the crowd ourselves we got 
the impression that we did achieve some sort 
of restoration. We did provide people with a 
different than usual GLOW experience. And 
that was confirmed once more a few weeks 
after GLOW, when we received an invitation 
to come to Graz, Austria. Apparently the 
organizers of the art and light festival – 
Klanglicht – had walked the GLOW route 
and were impressed by our work. What 
better sign of success than international 
acknowledgement? In the final section of 
design explorations I will quickly introduce 
you to how A.R.T. traveled to Graz in spring 
2017.

Graz KLANGLICHT ‘17
Collaboration with Joep le Blanc, Randi Nuij 
and Philip Ross – ART in Graz

INTRO AND OUTRO
Klanglicht takes place on two evenings in 
April and we were invited to participate 
in the second edition of the festival. The 
festival organization gave us a beautiful green 
walkway – chestnut alley – in the city center, 
on the edge of the small city park (see the 
map in Figure 11). Compared to Eindhoven, 
in Graz we had many more trees to work with 
and, because it was already spring, much 
more volume on the trees, including beautiful 
chestnut blossoms. 
We did not have to change the main 
programming of lighting behaviors (it was 
still a video image running on the 20x2 pixel 
matrix using wind as a natural input for light 
intensity modifications), nor did we have 
to adjust the soundscape to build up our 
A.R.T. installation in Graz. Our main task was 
to position lighting fixtures to create the 
intended experienced and to design leaving 
experiences as in Graz there was no concrete 
arch at the end of the walkway to serve as an 
exit gate. Thus, designing the experience of 
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leaving – the smooth transition between the 
restorative environment and the real world – 
became our major challenge in Graz. 
After a few tests with lighting fixtures and 
walking up and down the walkway we found 
a solution. We decided to virtually create an 
arch by lighting up the trees so, that from far 
it seemed as an interior of a church made 
of tree branches and leaves (see Figure 12). 
Here, the fact that it was spring and nature 
was reviving came in handy. Yet, we figured 
that we needed to strengthen this effect 
visually and draw visitors’ attention to that 
tree arch. Therefore we adjusted our lighting 
script by adding an artificial stream of light 
that every 90 seconds slowly traveled from 
the beginning of the installation to the end, 

until it reached the arch. Then the stream of 
light exploded in intensity creating a pleasant 
blast and emphasizing the image of the 
natural arch in the volume of trees. This effect, 
which is as difficult to capture in words as it 
is in static images, can be seen in the video 
recordings of A.R.T. (see here https://vimeo.
com/221863998). Nevertheless, I present a 
set of images in Figures 13 – snapshots of the 
installation – to get a rough idea 
what this all looked like.  
All in all, once again, organizers, visitors and 
we ourselves were very satisfied with the 
result. A.R.T. in Graz was, perhaps, a little 
bit more artistic and theatrical than it was 
in Eindhoven, but nevertheless it was a very 
restorative installation!

Figure 10: ART layout scheme in Graz during Klanglicht’17
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Figure 11: Arch of light and trees

Figure 12: Images of ART in Graz, Klanglicht’17
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1 Introduction
In Chapter 2 atmosphere was identified as 
a key variable reflecting the relationship 
between people and their environments, 
and as a potentially important factor in the 
emergence of aggression in public spaces, 
such as Stratumseind. We further proposed 
that studying atmosphere on a crowd level may  
increase our understanding of aggression in 
an urban nightlife setting. We also found that 
the violent incidents registered by the police 
do not represent the actual experience of 
aggression on Stratumseind, which for a large 
part consists of milder forms of aggression 
occurring within the crowd members and goes 
unregistered by officials. Thus, in this chapter 
we reintroduce the concept of atmosphere 
and its components and describe our first 
attempt to quantify it with instruments and 
methods conventionally used in psychological 
research. Furthermore, this empirical study 
involves a lighting intervention to explore 
whether and to what extent possible effects 
of dynamic lighting on atmosphere can be 
captured by these instruments.

1.1� Measuring�atmosphere�in�an�urban�
nightlife�setting
We defined atmosphere as a “real” and 
“tangible” mood like, but extra-individual state 
of the socio-physical context (see Chapter 2). 
Atmosphere is tangible because people on 
Stratumseind can sense it changing, and real, 
because it seems to affect the behaviors of 
individuals and groups. Atmosphere, thus, is 
the context in which acts of aggression occur, 
and of which an individual, as a member of 
the crowd, is both a propagator and a victim. 
Our definition of atmosphere, therefore, is 
closely related to the ecological strand in 
aggression research, which states that neither 
the individual, nor the social and physical 
environment are independently accountable 
for aggression, but that instead the two are 
reciprocally related (e.g., Goldstein, 1994). 
In Chapter 2, we argued that atmosphere 
is shaped and defined by atmosphere 
components revealed through crowd affect 

and cognitions, crowd behaviors, and the 
state of the physical environment. Crowd 
affect refers to the moods of the crowd 
that we were able to recognize through 
observations of and interviews with crowd 
members. Crowd cognitions reflect the 
anticipation of aggressive behavior, and were 
also discovered through the interviews with 
Stratumseind visitors. Crowd behaviors refer 
to actions and interactions amongst crowd 
members as well as interactions with their 
physical environment. Finally, the state of 
physical environment reflects changes in the 
environment, mainly induced by the presence 
of people, and includes, for example, 
crowdedness of the street, the amount of 
litter, or broken glass on the ground. 
A good starting point for measuring 
atmosphere then is to quantify the affect, 
cognitions and behaviors of the crowd, and 
state of the physical environment separately, 
to investigate how they relate, and if and how 
they may be affected by dynamic lighting. In 
this chapter we turn to existing methods to 
measure these atmosphere components. 
We start from the basic assumption that 
we should be able to gauge crowd affect 
and cognitions by sampling and averaging 
responses of individual members of the 
crowd, and thus that conventional methods 
for measuring affect and cognitions of 
individuals can be employed to capture these 
atmosphere components. Because of this 
assumption, for practical purposes, crowd 
affect and cognitions will be merged into a 
single – affective-cognitive – atmosphere 
component.  Next, in our baseline study we 
performed unstructured observations that 
led us to conclude that atmosphere also 
comprises crowd behaviors and changes in 
the state of physical environment. Thus to 
fully capture the atmosphere, systematic 
recording of crowd behaviors (i.e., how 
people interact with the surrounding physical 
environment and each other) and the state of 
the physical environment itself appear crucial. 
Therefore, to capture both behavioral as well 
as environmental atmosphere components, in 
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the present study we opted for observational 
methods. 
Before we briefly review the methodological 
choices we made in the present study, we 
would like to state the requirements that 
need to be taken into consideration when 
selecting tools to measure atmosphere 
components on Stratumseind. Since the 
present study is performed in a naturalistic 
context, we lack experimental control, and 
the reliability of our tools might be difficult to 
assess. To account for that, where possible, 
we evaluate inter-rater agreement/reliability. 
In addition, to validate our findings (e.g., 
that the selected tools are able to capture 
atmosphere dynamics) we need to compare 
our results to the ground truth. Since we have 
no pre-existing empirical proof but our own 
work, in the present study we rely on findings 
and conclusions made in Chapter 2 as the 
ground truth. Furthermore, some practical 
considerations should be mentioned. 
Performing studies in the context of urban 
nightlife demands us to make sure that our 
protocols are as unobtrusive as possible, short 
and concise (i.e., if we inquire Stratumseind 
crowd members to fill in our survey, it should 
not take too much of their time), and that we 
take into account possible external influences 
on collected data, such as intoxication levels 
of our participants (i.e., intoxication could 
hinder data collection by, for example, 
impairing people’s cognitive performance), 
and general safety of the researchers (i.e., 
prevent researchers from encountering 
uncomfortable and/or dangerous situations 
when in the field). Considering all that was just 
mentioned, we will now outline the methods 
chosen to perform the present study.
 
1.2� Capturing� crowd� affect� and�
cognitions
Across the literature one can find a variety of 
methods to measure human affect including 
introspective self-reports, physiological 
measurements, and observations (e.g., facial 
expressions, whole body behavior; Mauss 
& Robinson, 2009). Naturally, not all of 

them are suitable to measure affect in the 
context of Stratumseind. For example, to 
measure the preparatory changes in muscles 
and metabolic glands, which result from 
an affective response (e.g., Lane & Nadel, 
1999), requires participants to be attached 
to recording devices that often restrain 
their movements (e.g., electromyogram,  
electroencephalography and neuro-imaging 
methods; Maus & Robinson, 2009). These 
characteristics render most of the psycho-
physiological methods unsuitable for use in 
the current context. Observational methods 
typically include evaluations of vocal behavior 
(e.g., pitch, loudness of verbal expression), 
or coding of either facial expressions, or 
whole-body behavior (Ekman, 1993; Banse 
& Scherer, 1996; Chamberlain & Broderick, 
2007; Maus & Robinson, 2009). However, 
researchers still argue about the fluency and 
reliability of the emotion coding process, 
which happens when observers evaluate the 
stimuli (Russell, Bachorowski & Fernandez-
Dols, 2003). Therefore, often for reliability 
purposes these observational methods are 
accompanied by additional physiological 
measures of muscle contraction, such as 
facial muscle tonus measurements or physical 
measures of vocal expression intensity or even 
self-report (Ekman & Oster, 1979; Banse & 
Scherer, 1996). Moreover, studies employing 
or studying affect using observers usually 
use recordings of emotional expressions, be 
it vocal or facial, and to our knowledge are 
mainly performed in the laboratory setting. 
On Stratumseind, where crowded situations 
commonly occur it may become extremely 
difficult to isolate individuals to be observed, 
or to assign vocal expressions to the right 
person. Thus, the suitability of observations 
to assess human affect in the present study 
must be questioned. A third method, self-
report, although also not an entirely flawless 
one (e.g., not everyone is believed to be able 
to report on their emotional state (Mauss & 
Robinson, 2009)), does not have the issues 
outlined above and is commonly used to 
assess human affect outside the laboratory 
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(e.g., in consumer or health and wellbeing 
research). Based on theories of human affect, 
various self-report instruments are available 
to assess different aspects of human affect. 
These instruments are mainly sensitive to 
valence and arousal dimensions, and are 
typically presented in the form of a scale 
(Mauss & Robinson, 2009). In this chapter, we 
will be using self-report tools to collect data 
about crowd affect (described in detail in the 
methods section). 
Besides human affect, cognitions play an 
important role in shaping the atmosphere 
on Stratumseind. According to GAM, hostile 
expectations and perception biases can 
trigger hostile knowledge structures and 
behavioral scripts that in turn influence the 
likelihood of aggressive behavior (Anderson 
& Bushman, 2002; Bushman & Anderson, 
2000). There are different ways to assess 
hostility in individuals. These methods range 
from self-report tools, for example the Bus-
Durkee Hostility Inventory, or State Hostility 
Scale (Eckhardt, Norlander, & Deffenbacher, 
2002; Anderson, Deuser, & DeNeve, 1995), 
to the indirect assessment of hostility 
bias and hostile cognitions. An example 
of the latter is the Articulate Thoughts 
in Simulated Situations paradigm (ATSS). 
In ATSS, participants are asked to report 
their feelings and cognitions verbally while 
imagining being a part of an emotion eliciting 
scenario presented by the experimenter 
(Eckhardt, Norlander, & Deffenbacher, 2002). 
Another example is the ‘reading reaction 
time paradigm’, where the speed of reading 
of words appearing on the screen was shown 
to be related to hostile bias and priming 
effects (Anderson, 1997). Yet another indirect 
method to assess hostility is the story stem 
technique where participants are asked to 
complete an ambiguous story (Bushman & 
Anderson, 2002). In the process of selecting 
the right method to assess crowd cognitions, 
similar to the assessment of crowd affect, we 
face constraints that are posed by the context 
of our study, e.g., the amount of time available 
for the interviews or likely intoxication of our 

participants. Thus, we had to first choose a 
method that is concise and effective, and, 
because of high risk of our participants being 
intoxicated, we had to avoid methods that 
may be significantly affected by alcohol or 
drug use (i.e., measuring reaction time in a 
reading task). Therefore, in the present study 
we chose to adapt Bushman’s and Anderson’s 
(2002) story stem technique to measure the 
hostility bias of crowd members (described in 
detail in the methods section).  

1.3� Capturing� crowd� behaviors� and�
state�of�physical�environment�
Already for decades now, observational 
methods are being successfully employed 
to investigate people’s behaviors, changes 
in the physical environment, and the 
relationship between these two in naturalistic 
contexts (e.g., how people use public spaces) 
(Bakeman, 2000; Whyte, 2012; Gehl & Svarre, 
2013).
Graham and colleagues’ field work (e.g., 
Graham, West, Wells, 2000; Graham, 
Bernards, Wayne Osgood, Wells, 2006) is a 
good example of some of the few more recent 
studies that employed observational methods 
in a domain closely related to the context 
of urban nightlife. In her work, Graham 
investigated alcohol-related aggression in its 
naturalistic setting. In addition to trying to 
understand how aggression is triggered, how 
it develops, and what types of people are 
more likely to be involved in it, Graham aimed 
to characterize the context of aggression 
(Graham et al., 2006). To do so, research 
assistants additionally completed observation 
schemes aimed at capturing the physical as 
well as social characteristics of the bars where 
aggression was observed. This observational 
data provided strong insights about the role of 
the socio-physical context, and allowed them 
to link certain characteristics of the socio-
physical environment to aggressive behavior 
of patrons (e.g., aggression was more likely 
in bars with permissive environments). 
However, because the authors’ main goal 
was to collect as many aggressive incidents as 
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possible, in both studies the sampling of bars 
was limited, and mainly bars with frequent 
aggressive incidents were selected for the 
study. Therefore, Graham and colleagues 
suggested that future studies should expand 
the sample of environments by including 
those in which aggression is less frequent. Our 
study took place in an urban nightlife setting, 
which includes a variety of environments, 
both more and less susceptible to aggression. 
Stratumseind contains different sorts of 
bars; nightlife is happening all throughout 
the street and the street itself is often used 
as an outside ’bar’ where people chat, drink, 
smoke, and dance. Thus, we performed our 
observations in a variety of locations and 
sampled all behaviors, instead of focusing on 
the negative or aggressive incidents alone. 
In addition, we sampled the observations of 
physical environment systematically several 
times during the observation nights instead 
of only once, as in the Graham et al. (2006) 
study. As the physical environment changes 
over time, it is important to record these 
changes to really understand the link between 
human behavior and environment, and in 
our case – how the atmosphere fluctuates 
throughout the night. 

1.4� Role�of�lighting�in�urban�context
Lighting plays an important role in today’s 
urban environment. First and foremost, 
street lighting enables the use of urban space 
as the darkness falls by allowing us to avoid 
obstacles, orientate in space, and identify 
objects and people (Caminada & van Bommel, 
1980). Second, good exterior lighting 
may enhance well designed architectural 
properties and communicate a safe and clean 
environment (Space, 1972). Thus, modifying/
redesigning street lighting is a common 
approach to improve pedestrian comfort 
and even influence the subjective feeling 
of safety (Pena-Garcia, Hurtado & Aguilar-
Luzon, 2015; 2016; van Rijswijk & Haans, 
2017). Furthermore, although the evidence 
is mixed street lighting has also been linked 
to reduction of crime rates (e.g., Marchant, 

2004; Welsh & Farrington, 2008). Farrington 
and Welsh (2002) suggest that although 
lighting might not directly affect the crime 
rates in cities, it has a potential to influence 
attitudes, perceptions (e.g., communicating 
increased risk and decreased rewards for 
potential offenders, or raising feelings of 
safety of pedestrians) and behaviors (e.g., 
increasing the number of pedestrians on 
the street) and in turn may contribute to 
the decrease of crime rates. Indeed, as we 
outlined in the Prologue, literature provides 
evidence that light can affect moods (e.g., 
Baron & Rea, 1991; Baron, Rea & Daniels, 
1992), influence cognitions (e.g., Knez & Kers, 
2000; Knez & Enmarker, 1998), perceptions 
of the environment (e.g., Manav, 2005; 
Park & Farr, 2007; Turley & Milliman, 2000) 
and other people (e.g., Baron & Rea, 1991; 
Gergen, Gergen & Bartman, 1976), and in 
turn even alter behaviors (e.g., Barli, Aktan, 
Bilgili & Dane, 2011; Baron, Rea & Daniels, 
1992). Due to this increased understanding 
of how lighting affects human behavior and 
well-being, and supported by the technical 
possibilities that developments in lighting 
technology (i.e., the introduction of LEDs and 
smart lighting control) has brought about, 
the functionality of street lighting is slowly 
moving beyond providing visibility, visual 
comfort, orientation, and feelings of safety at 
night. 
One example of such a novel lighting 
application can be found in the city of Tokyo. 
According to an article in the issue of Next 
City magazine (2011) the stressful urban 
environment might be one of the reasons 
contributing to Japan’s extreme suicide rates. 
The city has thus installed blue LED lighting 
in several train stations to prevent people 
from jumping in front of the trains. In 2013, 
researchers reported a 84% decrease in the 
suicide rates in the stations with blue lighting 
(Matsubayashi, Sawada, & Ueda, 2013). On 
one hand, this impressive drop in suicide 
rates is attributed to possible positive effects 
of blue light on mood, on the other hand, as 
researchers suggest, the exact reasons are 
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yet to be uncovered (e.g., Ichikawa, Inada & 
Kumeji, 2014). Another, different, example 
of light applications in the field could be that 
of OKC’s Underground upgrade in Oklahoma, 
USA. City government reported that the 
majority of users were not aware of existing 
functions (such as restaurants and shops) in 
the network of tunnels connecting important 
city landmarks. Colored lighting was used 
to redesign the underground corridors to 
assign meaning and to enhance perception 
of the space for underground users (different 
colors are assigned to different corridors 
to help orient, provide information and 
indicate a specific function of each tunnel, 
Casciani & Rossi, 2014). The effectiveness of 
this design intervention, to our knowledge, 
is not yet known. Lastly, in Eindhoven, the 
Netherlands, in a large scale field experiment 
during Glow festival of lights, Corbetta and 
colleagues (2018) investigated the possible 
application of light as a potential stimulus to 
steer crowds. They found that to some extent 
lighting stimuli indicating direction could 
be used to influence people’s movement 
through space. However, although results are 
promising, before being able to draw strong 
conclusions about the effectiveness of such 
lighting manipulations, the authors highlight 
the importance of understanding the role of 
many other contextual factors (e.g., perceived 
crowdedness) possibly affecting people’s 
movement through space. These are but a few 
examples illustrating practical applications 
of lighting in urban spaces that go beyond 
street lighting’s conventional functionality of 
providing visibility and a sense of safety. 
The De-escalate project, of which the work 
in this thesis is a part, considers yet another 
novel application of lighting: de-escalating 
and / or preventing aggression. Up until 
today, the primary role of street lighting on 
Stratumseind was to support orientation, 
perception of obstacles and recognition of 
persons and objects. With the kick off of the 
De-escalate our intention was to take the first 
steps in exploring possibilities to extend the 
function of street lighting, and thus investigate 

whether it could be used to (positively) 
influence people’s moods, cognitions and 
behaviors related to aggression.

1.5� Research�Aims
The goal of the research presented in this 
study was threefold. Our first aim was to 
evaluate the suitability of a selection of 
methods and tools for reliably measuring the 
components of atmosphere (i.e., affective-
cognitive, behavioral, and environmental), 
as well as to test their sensitivity in capturing 
the dynamics of atmosphere as observed 
in Chapter 2. The following tools were 
included: The Self-Assessment Manikin (SAM) 
for measuring crowd mood, a story-stem 
method for measuring crowd cognitions 
(i.e., hostility bias; adapted from Bushman, 
Anderson, 2000), and observation schemes 
for measuring crowd behavior and changes in 
the state of the physical environment (based 
on results from Chapter 2; and adapted from 
Graham, Bernards, Wayne Osgood, Wells, 
2006). In addition, we analyzed what may be 
considered the only already existing measure 
of the atmosphere on Stratumseind to date: 
the descriptions of the atmosphere of each 
night in the police reports (see also Chapter 
2). Our second aim was to explore the 
relationships between the three atmosphere 
components as measured with the selection 
of methods. Our own findings presented in 
Chapter 2, as well as previous research (e.g., 
Anderson (1997), suggest that affect and 
cognitions form a network and that affect 
can elicit certain cognitions and vice versa, 
but also influence behavior. As all three 
atmosphere components together form one 
whole concept – atmosphere, we expected 
that they would be related to each other. We 
expected that such analyses may shed further 
light on how these components co-vary and 
form atmosphere as a whole, and thus will 
help to further define this concept. Finally, a 
third goal was to test experimentally whether 
a dynamic lighting scenario could affect the 
atmosphere on Stratumseind. 
To achieve the first goal, we first investigated 
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whether our data were able to reliably 
capture the atmosphere components as 
they were outlined in the introduction. 
Next, we explored validity of the methods 
by investigating how well these measures 
reflected the dynamics in atmosphere as 
expected based on the results presented in 
Chapter 2. In other words, we expect our data 
to reflect the variations in the atmosphere 
components as observed in the exploration 
study (e.g., changes in demographics of the 
crowd or busyness of the street) between 
the weekend nights (Thursday, Friday and 
Saturday), within the night itself (before vs. 
after midnight), and between different parts 
of Stratumseind (long end, square and the 
short end of the street). To achieve the second 
goal we investigated whether relationships 
between atmosphere components existed 
and how strong they were by assessing 
correlations between various atmosphere 
measures. Last, to achieve the third goal, we 
planned to check the measures that were 
able to capture the atmosphere components 
for their responsiveness to the lighting 
manipulation. To conclude, we set up a field 
experiment with a lighting manipulation, 
aimed to simultaneously explore two 
research questions: 

1. (How) can we capture the dynamics 
of the atmosphere in an urban nightlife 
setting? For this purpose, we adapted 
methods commonly used in psychological 
research to evaluate people’s affect 
and cognitions (SAM and Hostility Bias) 
and record the changes in the social 
and physical environment (structured 
observations). In addition, we explored 
how well atmosphere was captured by 
police reports. 
2. (How) do atmosphere components 
relate to each other? 
3. Can we induce positive changes in 
the atmosphere (or components of 
the atmosphere) by introducing a light 
scenario designed to lower arousal levels? 
The effects of light will be explored on the 
atmosphere data collected by us as well 

as data about the atmosphere obtained 
from the police.

2 Methods
2.1� Design
We conducted a field experiment with 
a crossover design of two different light 
scenarios (regular street lighting vs. dynamic 
street lighting) with atmosphere as the 
dependent variable. The experiment was 
conducted during a total of 24 weekend 
nights (from Thursday evening to Sunday 
early morning, over a period of 8 weeks) 
between 28th of February and 14th of June, 
2015. The exclusion criterion for weekend 
days in this period was whether a special 
occasion or event was scheduled on them 
(e.g., a public holiday or important soccer 
game). The experiment started at 22:00 PM 
each night and lasted to 2:00 AM on Fridays 
and to 4:00 AM next day on Saturday and 
Sunday nights (i.e., the times at which the 
bars close). During each night, one of two 
light scenarios was used: the regular street 
lighting setting, or a dynamic lighting pattern 
hypothesized to improve atmosphere. Half 
of the nights had the regular lighting, the 
other half the dynamic one. Light scenario 
was counterbalanced across days using a 
rotating schedule. This ensured that each 
of the weekend days had an equal number 
of exposures to the dynamic scenario and 
to the regular lighting. Multiple methods 
were used to collect atmosphere-related 
evaluations, including surveys amongst 
visitors, continuous onsite observations, and 
information from police reports regarding 
atmosphere descriptions. 

2.2� Participants
Participants consisted of visitors of 
Stratumseind, who were present on the street 
at the time of the study. To collect data tapping 
into crowd’s affect and cognitions, researchers 
randomly approached Stratumseind visitors 
in the designated street areas and invited 
them to participate in the study. They 
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attempted to realize a balance in participant 
gender by alternately approaching males and 
females. Throughout the study period a total 
of 580 people agreed to participate. Age and 
gender were recorded for 575 participants 
(age range 14-69, M=24.02, SD=6.30). Of 
these participants, 359 were male (age range 
15-60, M=24.89, SD=6.71), and 216 were 
female (age range 14-69, M=22.55, SD=5.24). 
Based on descriptive statistics this sample of 
participants is representative of Stratumseind 
crowd (based on interviews with experts in 
study presented in Chapter 2). We had no 
references for estimating the response rate, 
nor in this study we kept the track of declines 
to participate in our study. 

2.3� Stimuli�&�Setting
2.3.1 Setting
The field experiment was conducted at 
Stratumseind in Eindhoven, The Netherlands. 
Stratumseind consists of three parts, each 
varying in characteristics (see Chapter 2): 
Long end, Square, and Short end (see Figure 
1). Each hour, self-report and observational 
data were collected in four locations 
distributed across three Stratumseind parts: 
Two locations on the long end of the street, 

one on the Square and one on the Short end. 
We decided to collect data at two locations 
on the Long End because of that part’s 
length, which covers almost two thirds of 
Stratumseind. Approximate data collection 
locations are illustrated in Figure 1.

2.3.2 Lighting installation
Eighteen LED street lighting fixtures were 
used to manipulate the street lighting. Each 
of the fixtures consists of three LED modules 
– 1x Philips IntelliWhite and 2x Philips Color 
Blast RGBs – covered with a lens to achieve 
maximum field angle. Fixtures were wirelessly 
connected to a Pharos DMX controller, and 
controlled and programmed using Pharos 
software. These fixtures replaced the existing 
street lighting and have since then been used 
both as regular street lighting and in scientific 
research on the effects of light on human 
behavior and experience.  
2.3.3 Lighting scenario
The dynamic lighting scenario used in the 
present study was based on preliminary 
research presented in Jansen’s (2012) master 
thesis. In this work it was found that rapid 
drops in brightness level, followed by slower 
increases in brightness to the starting level 

Figure 3: Spectral distributions of regular street lighting and states of 50% and 
100% brightness levels of the experimental scenario
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were associated with lower arousal levels. 
Thus the dynamic lighting scenario used in the 
present study was based on such asymmetrical 
pulsations. The salient drop (3s) from 100% 
to 50% in brightness level was followed by 
a slow increase (20s) in brightness back to 
100%. The scenario was designed in several 
iterations by first manipulating intensity levels 
in Pharos software and then subsequently 
adjusting the brightness levels based on the 
experience of the intended lighting effects. In 
other words, we programmed several draft 
scenarios and tested them in situ to achieve 
the optimum perceptual effect of patterns 
of changing brightness. The scenario is 
illustrated in Figure 2.
The approximate horizontal illuminance level, 
measured at one lantern on Stratumseind 
was  36.9 lux at 100% brightness and 9.1 lux 
at 50% brightness. The illuminance level of 
the standard street lighting was measured 
at approximately 30.9 lux. The spectral 
distributions of standard street lighting and 
the states of 100% and 50% brightness of 
the experimental scenario are presented in 
Figure 3. 
Pulsations were introduced gradually within 
half an hour before 10:00 PM and gradually 
stopped within half an hour after 12:45 AM 
on Thursdays and 02:45 AM on Friday and 

Saturday nights. This was done to ensure 
a smooth and barely noticeable transition 
between the regular street lighting (before 
22:00) and the bright sweeping lights (from 
15 minutes before closing hour onwards). This 
experimental lighting condition was tested 
against a control condition consisting of 
regular static street lighting with a brightness 
level equal to about the average level of the 
experimental condition (i.e.,  approximately 
75-80% of the luminaires’ maximum output). 
When comparing possible differences in 
atmosphere between the experimental and 
the control conditions we did not include the 
transition periods between regular lighting 
and the experimental lighting conditions, and 
between experimental lighting and sweeping 
lightings. In other words, in this part of our 
analysis, we excluded measures of atmosphere 
obtained after 12:45 on Thursdays and 02:45 
on Fridays and Saturdays. 

 

Figure 2: Schematic overview of the experimental street lighting scenario used in the present study
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2.4� Measures
2.4.1 Affective‐cognitive component
2.4.1.1 Self-report

Crowd affect was assessed with the Self-
Assessment Manikin (SAM; Lang, 1980). The 
SAM is aligned with one of the frequently 
used models of human emotion: the 
Pleasure Arousal Dominance (PAD) model. 
The PAD model suggests that most human 
emotions can be characterized as lying in 
three dimensional space, somewhere along 
the three axes of pleasure – displeasure, 
arousal – non arousal and dominance – 
submissiveness (Russell & Mehrabian, 
1977; Bradley & Lang, 1994). The SAM is a 
visually oriented instrument that consists 
of three single item measures, each tapping 
into one of the three dimensions of human 
affect: SAM pleasure, SAM arousal and SAM 
dominance. Participants responded to each 
item by using a 9-point response scale. The 
SAM has proven to be a valid and reliable tool 
for emotion assessment (e.g., Bradley & Lang, 
1994; Morris, 1995). 
The SAM has several benefits over other self-
report measures that make it our best option 
for assessing the affective component of 
atmosphere on Stratumseind: it is short and 
response options are not presented as words 
but as images (see Figure 4 for an example). 
Thus, as we have to consider the context and 
the length of the interview, SAM seemed to be 
the most efficient. The visually based design 
of the questionnaire eliminates possible 
problems that verbal scales may encounter, 
such as word misinterpretation, differences 
between languages, cultures et cetera 
(Morris, 1995). On Stratumseind, crowd 
members are likely to be intoxicated and may 
come from very different backgrounds. As 
alcohol is known to impair people’s cognitive 
functioning and degrade coordination and 
visual perception, we felt a short and easily 
understood questionnaire as the SAM, 
offered a great advantage over verbal scales. 
Although for the data collection we used the 
SAM with the conventional 9-point response 

format, all responses were recoded into a 
5-point scale before analysis. This was done, 
because it appeared that participants tended 
to mainly select the response options directly 
underneath the manikins, ignoring the 
options in between (for illustration see Figure 
4. For this purpose,  ‘1’ and ‘2’ were recoded 
to ’1’, ‘3’ and ‘4’ to ‘2’, and so on. 

 

Figure 4: Screenshot Crowd Affect Survey – participants often chose for the answer 
option circled in red 
Figure 4: Screenshot Crowd Affect Survey – participants often chose for 
the answer option circled in red

2.4.1.2	 Hostility	bias
To assess crowd cognitions we measured 
hostility bias. To capture hostiliy bias we 
adapted and adjusted the story stem 
technique (Bushman, Anderson, 2000). Two 
different story stems were chosen specifically 
for this research to fit the Stratumseind 
context (for an example, see Figure 5). 
Each story stem consisted of a storyboard, 
illustrating a typical situation that may 
cause patrons to become frustrated on 
Stratumseind (e.g., someone pushing beer 
out of one’s hands, or being rejected an 
entrance to the bar). Each storyboard was 
ambiguous with respect to the intent of the 
person(s) causing the frustration. In other 
words, the storyboard did not explicitly 
indicate whether the behavior was accidental, 
instrumental, or conducted with the sole 
purpose to frustrate others. After looking 
at the story board, participants answered 
three open format questions: ‘What would 
you do if you happened to be in the depicted 
situation?’ ‘How would you feel?’ and ‘What 
would you think?’ Answers to these questions 
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were recorded with a voice recorder. By using 
open rather than closed format questions, 
we avoided that participants would be 
informed about different, perhaps even 
socially desirable means of responding to the 
depicted scenario. In other words, it ensured 
that participant would respond in a manner 
that was available to them, cognitively, at the 
moment of seeing the storyboard.
Responses to the storyboard questions 
were coded as aggressive or non-aggressive, 
resulting in three dichotomous variables: HB 
behavior, HB emotions and HB cognitions; 
all with YES/NO values. Coding was done by 
an independent coder, who was blind to the 
lighting conditions. Before coding all the data, 
the independent coder was trained in three 
practice sessions. During these sessions the 
author of this dissertation was also coding the 
interviews as a second coder. After obtaining 
the inter-rater agreement coefficients both 

 

Figure 5: Story board example – Main character is not allowed to enter the bar Figure 5: Story board example – Main character is not allowed to enter the bar

coders discussed their judgment for each 
data point to achieve higher consistency in 
the future coding. After three sessions inter-
rater agreement reached acceptable values 
(ICC > .40) and thus, the training was stopped. 
Some of the audio recordings of participants’ 
responses to the story stems were of bad 
quality (e.g., too much environmental noise, 
unclear speech due to intoxication, etc.) 
and thus were not understood by the coder. 
For this reason 17 responses (~3%) to the 
behavior question, 14 responses (~2%) to the 
emotion question, and 26 responses (~5%) 
to the cognition question had to be coded as 
missing.

2.4.2 Behavioral and environmental 
components
In our study we adopted Grahams and 
colleagues’ (2006) observational approach, 
yet adjusted their observation schedule and 
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sampling frequency. In Grahams study they 
asked the observers to rate various aspects of 
the bar environment where the observations 
took place (e.g., crowdedness, smokiness and 
poor ventilation of the air, sexual activity, and 
presence of the security staff). The observers 
were provided with a machine-readable form 
and asked to fill out that form either at the end 
of the night of the observation or as soon as 
possible the next morning. To cover all three 
different street locations and collect as many 
observation throughout the night as possible, 
our observers filled out observation schemes 
at least three times an hours throughout the 
going out night (22:00 – to close). Thus, we 
evaluated various aspects of crowd behaviors 
and physical environment on Stratumseind 
on hourly basis. The observation scheme 
used in the present study contained items 
tapping into behavioral and environmental 
components. To account for reliability, at all 
times throughout the data collection period 
the data was collected by two observers 
(in total four different observers were 
employed in this study – always working in 
couples). To evaluate the reliability of the 
observation scheme, the agreement between 
two observers was assessed. The intra class 
correlation coefficients (ICCs) were calculated 
for each item to determine the performance 
of the observation scheme.
During the eight weeks of the experiment, 
605 observations were made of the crowd 
and environment of Stratumseind. In the 
following paragraphs we describe in detail 
the items of observation scheme belonging to 

each atmosphere component separately and 
reflect on the agreement between observers. 

2.4.2.1	 Behavioral	component
A behavioral checklist containing 26 items 
with dichotomous YES/NO response format 
was used to record the presence of positive 
and negative interactions between the 
crowd members (e.g., being annoying or 
arguing), and between crowd members and 
their physical surroundings (e.g., throwing or 
kicking objects); (see Table 1 for the complete 
list of items). 

2.4.2.2	 Environmental	component
The items describing the environmental 
component aimed to capture the most 
prominent attributes of the physical and 
social environment of Stratumseind (see 
full list in Table 2). The items tapping into 
the physical environment mainly captured 
the physical properties of Stratumseind that 
change over time and reflect human behavior 
(e.g., crowdedness of the street, broken 
glass, garbage). The items tapping into social 
aspects of the environment mainly captured 
demographics of the crowd and intoxication 
levels (e.g., male/female ratio, drunkenness). 

2.4.3 Police reports
Police data consisted of reports by the 
Eindhoven Police department’s Horeca 
Team of each night during which researchers 
were performing the observations. These 
reports typically included evaluations of 
the atmosphere, descriptions of specific 

Angry On The World in 
generals

Dancing Hug Pushing Threw An Object

Annoying Fighting Illegal Rude
Threw something At 
Someone

Argument Flirt Jumping Happy Slapping

Bullying Friendly To Each Other Kissing Smile

Cause Trouble Friendly Touch Negative Touch Talk To Strangers

Chatting Helping Behavior Provoking Threatened Someone

Behavioral Component 

Table 1: List of items tapping into behavioral component listed alphabetically
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environmental characteristics (artifacts, such 
as terrace furniture being too far into the 
streets walking area, crowding level, and 
weather conditions), events/happenings 
(e.g., a soccer game), both the numbers and 
concise descriptions of formal reports to 
the central police unit, and the number of 
arrests that night. The data describing the 
atmosphere of the night and overall busyness 
of the street, and the numbers of incidents 
were extracted from the reports, summarized, 
and anonymized. A brief representative 
excerpt from these data can be seen in Table 
3. Any data that were related to areas and / or 
events outside Stratumseind were discarded.
Table 3: Fragments from the Police reports – 

Atmosphere Description and incident rates 
for two different weekend nights

2.5� Procedure
During each of the study nights, two 
researchers were collecting data on the 
street. After arriving at the first location 
(always starting at the long end of the street, 
see Figure 1) both observers observed the 
crowd for up to 5 minutes, and consecutively 
filled out their observation schemes 
individually and independently. Next, the 
researchers approached patrons in/or near 
the observation location, presented them 
with the study goal - to study atmosphere and 
experience of the evening on Stratumseind 
- and briefly introduced them to the 
contents of the study. Patrons who agreed 
to participate were presented with a digital 
informed consent form presented on a tablet. 
Only when participants gave their informed 
consent (by pressing the ‘I agree’ button) were 
they directed to the contents of the study: 
one assessing their affect (SAM instrument), 
another evaluating their cognitions (hostility 
bias test). At each location, between one to 
three visitors completed the study before the 
researchers proceeded to the next location 
on Stratumseind. The average time that 
participants took to answer all questions was 
1-2 minutes per participant.
This procedure was repeated every hour, 
covering 4 different locations on Stratumseind 
within each hour. The data collection took 
place between 22:00 and the closing hour 
of the bars on that day. Approximately 
every two hours researchers had a break of 
approximately 20 minutes (one break, thus, 

Presence of the security Crowdedness of the street

Presence of the police
Crowdedness of the 
terraces

Police on foot
Lines at the ATM and 
gntrances

Police on horses Amount of broken glass

Police car Amount of litter

Noise

Females/Male ratio
Second most dominant 
ethnicity

Young Crowd Presence of big groups

Dominant ethnicity Drunkenness

Social aspects

Physical aspects
Environmental component

Table 2: List of items tapping into environmental 
component

Day 8: 13/03/2015 Friday Day 16: 09/04/2015 Thursday
GENERAL ATMOSPHERE: GENERAL ATMOSPHERE:
In terms of the crowd behavior – rather quiet evening, 
however still with some incidents.  

0 arrests 

Important to notice that there were many foreigners in 
the crowd (English and Irish). From these patrons we 
had rather salient troubles. Night was rounded up with 9 
arrests. 

Quiet, pleasant night. 

T able 3: Fragments from the Police reports – Atmosphere Description and incident rates for two different weekend nights
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on Thursday around 00:00AM, and two 
breaks on Friday and Saturday nights around 
00:00AM and 02:00AM). 
There were a number (54 in total) of instances 
of missing crowd affect and cognition data, 
which resulted from patrons not completing 
the study successfully or when we were 
unable to recruit patrons to participate in 
our study. This usually happened at the late 
hours of the night, just before closing time, 
when it became significantly more difficult 
to approach people on the street (i.e., most 
patrons aimed to leave Stratumseind as 
soon as possible and thus were not willing 
to participate in our study); in addition, a lot 
of crowd members at this time of the night 
would have been rather intoxicated making it 
difficult for researchers to manage the study 
protocol.

3 Results
3.1� Inter-rater�agreement
To test the inter-rater reliability between the 
two observers for the observational data 
tapping into the behavioral and environmental 
components, and police atmosphere 
evaluations, we calculated ICCs for each item 
of each of the atmosphere measure.

1.1.1 Behavioral component
Based on guidelines of Cicchetti (1994), all 
items tapping into behavioral component 
had low to fair inter-rater agreement (ICC 
≤ .53); (Table 4). We believe that this is 
because the items in this list did not show 
enough variation – individual behaviors as 
scored by at least one of the observers had 
frequencies that were either lower than 20% 
or higher than 88% – and thus, the ICC was 
not able to capture the covariance in the 
raters’ agreement. Due to insufficient inter-
rater agreement data representing behavioral 
component were discarded from further 
analyses. The reasons behind this decision 
will be addressed in discussion. 

3.1.2 Environmental component 
Based on guidelines of Cicchetti (1994), all 

items describing physical aspects of the 
environmental component showed good 
(.60 ≤  ICC ≤ .74) to excellent (.75 ≤  ICC ≤ 
1.00) inter-rater agreement  (see Table 2). 
The drunkenness item, tapping into social 
aspects of the environmental component, 

Item ICC Item ICC

Angry On The World 
in generals

-.29 Illegal .42

Annoying .53 Jumping Happy .48

Argument .12 Kissing .51

Bullying .39 Negative Touch .36

Cause Trouble .40 Provoking .56

Chatting .11 Pushing .49

Dancing .42 Rude .46

Fighting -.01 Slapping -.01

Flirt .25 Smile .19

Friendly To Each 
Other

.31 Talk To Strangers .34

Friendly Touch .29
Threatened 
Someone

-.02

Helping Behavior .50 Threw An Object .32

Hug .42
Threw something At 
Someone

.00

Behavioral Component 

Item ICC Item ICC
Presence of the 
security

.73* Females/Male ratio .42

Presence of the 
police

.79** Young Crowd .56

Police on foot .73* Dominant ethnicity .16

Police on horses .82**
Second most 
dominant ethnicity

.11

Police car .83**
Presence of big 
groups

.35

Noise .60* Drunkenness .86**
Crowdedness of the 
street

.84**

Crowdedness of the 
terraces

.85**

Lines at the ATM and 
gntrances

.65*

Amount of broken 
glass

.77**

Amount of litter .68*
*items with good ICC values (.60 ≤  ICC ≤ .74)
**items with good ICC values (.75 ≤  ICC ≤ 1.00)

Physical aspects Social aspects

Environmental component

Table 5: ICC values for each item tapping into 
environmental component

Table 4: ICC values obtained for each item tapping into 
behavioral component 
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also showed excellent inter-rater agreement, 
however, the remaining items probing social 
aspects of the environmental component 
showed only poor (ICC < .40) to fair (.40 ≤  ICC 
≤  .59) inter-rater agreement (see Table 5). 
Data obtained from items with less than good 
ICC values were discarded from subsequent 
analyses. For the items with good to excellent 
ICCs, an average was calculated from the 
scores of two observers.

3.1.3 Police reports
Police data for each evening were coded by 
two independent coders using two dimensions 
and dichotomous answer options: PR valence 
(positive/negative) and PR busyness (busy/
quiet). The agreement between coders was 
tested by calculating ICCs. The ICC for PR 
valence was equal to 1.00; whereas ICC for PR 
busyness was equal to .83. The results, thus, 
indicate high agreement between coders. We 
averaged the ratings of the two observes into 
single scores for each of the 24 observations 
of the two variables and used these in further 
analyses. 

Figure 6: Changes in means of mood variables across night hours of a representative night
 on Stratumseind

3.2� Basic� statistics� of� atmosphere�
measures
In this section we explore all atmosphere 
measures selected for the present study, 
excluding the behavioral component, which 
showed insufficient inter-rater agreement to 
be included in further analyses. 

3.2.1 Affective‐cognitive component
To explore the affective-cognitive component 
we first describe overall means, variance, and/
or frequencies, and explore the distributions 
of the data. 

3.2.1.1 Self-report
In Chapter 2 we concluded that atmosphere is 
a dynamic phenomenon, which changes over 
the course of the night as well as over other 
time and place related variables (i.e., day 
of the week, location). Therefore, the tools 
intended to capture atmosphere should also 
be sensitive enough to grasp the expected 
atmosphere dynamics. To illustrate how crowd 
affect data varied on an average day of the 
weekend the reader is presented with means 
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of the three mood variables – SAM pleasure, 
SAM arousal and SAM dominance – across 
hours of one representative night (21-03-
2015 – 22-03-2015); (Figure 6). In Figure 6 we 
see that SAM pleasure and SAM dominance 
dimensions vary only slightly across the night 
hours, and only in the high end of the scale. 
The SAM arousal dimension shows a bit more 
variation across the night hours – increasing 
towards midnight and dropping slightly 
towards the end of the night. 
Next, the descriptive statistics of the three 
mood variables were explored; these are 
summarized in Table 6. The highly skewed 
histogram (-1.72) of the SAM pleasure 
frequency distribution (Figure 7) suggests 
that the data lack variance, indicating that 
most responses fall onto very happy or happy 
categories. This questions the suitability of 
the SAM pleasure item to capture the existing 
levels of positive affect on Stratumseind. That 
does not immediately imply that the tool was 
not sensitive enough to capture nuances of 
SAM pleasure dimension, perhaps, indeed, 
most members of the Stratumseind crowd 
were just very happy. The histograms of the 
other two mood variables – SAM arousal and 
SAM dominance – are presented in Figure 7. 
SAM arousal had a rather normal histogram 
(with skewness of -0.62), suggesting enough 
variation in the data; the SAM dominance 
histogram was also rather skewed (1.14), 
indicating that the majority of responses fell 
in the middle to top end of the scale. SAM 
dominance, 
similarly to SAM pleasure, seems to lack 
variation. 

1.1.1.1	 Hostility	Bias	
To illustrate how crowd hostility bias data 
varied on an average day of the weekend, the 
reader is presented with percentages of HB 
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n Mean SD Variance
SAM pleasure 578 4.40 0.78 0.61
SAM arousal 578 3.71 1.14 1.30
SAM dominance 578 4.06 1.04 1.09

Figure 7: Frequency histograms of responses to SAM 
questions

Table 6: Descriptive statistics of SAM variables 
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behaviors, HB emotions and HB cognitions 
across hours of the same representative 
night (21-03-2015 – 22-03-2015). In Figure 8 
we see that all three variables varied slightly 
across night hours. Interestingly, we observed 
a sudden increase (up to 50%) and then a 
drop (down to 10%) in aggressive cognitions 
between 2:00 and 3:00 o’clock in the morning. 
In Table 7, the frequencies of HB behaviors, 
HB emotions, and HB cognitions over the 
period of the study are presented. Responses 
for HB behavior were coded as aggressive 
17.9% of the time, envisaged HB emotions 
and HB cognitions were coded as aggressive 
approximately 22% of the time. All in all, all 
three variables – HB behaviors, HB emotions 
and HB cognitions – were coded as aggressive 
with a ratio of 20/100.  As, based on our 
findings in Chapter 2, we do not expect 

Figure 8: Changes in frequency (%) of hostility bias variables across night hours of a representative night on Stratumseind

high levels of aggressive tendencies on 
Stratumseind, we decided that this ratio is 
representative and indicates enough variation 
to include hostility bias variables in further 
analyses. 

3.2.2 Environmental component 
To explore the environmental component we 
first performed factor analyses to reduce the 
data and only then describe overall means 
and variances, and explore the distributions 
of the data. 
We first present Spearman’s correlation 
coefficients between the set of items tapping 
into the environmental component, including 
the control variables (precipitation) (Table 
8). All the items, except for precipitation, 
correlated with Spearman correlation 
coefficients of rho > .30. Therefore, all items 

n % n % TOTAL (N)
HB behaviors 464 82.42 99 17.58 563
HB emotions 450 79.51 116 20.49 566
HB cognitions 431 77.80 123 22.20 554

AggressiveNon Aggressive

Table 7: Frequencies of aggressive vs. non aggressive hostility bias variables
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describing the environmental component 
were included in further analyses. To 
explore the underlying dimensions of the 
environmental atmosphere component, we 
applied the principal component factoring 
method on the polychoric correlation matrix 
(Olsson, 1979). A polychoric correlation 
matrix was used as the data consisted 
of a combination of dichotomous (e.g., 
presence of the police) and categorical or 
ordinal variables (e.g., noise, crowdedness). 
Oblique rotation (i.e., direct Oblimin) was 
applied to simplify the component loading 
matrix, while allowing for any naturally 
occurring correlations between the extracted 
dimensions. 

The Kaiser-Meyer-Olkin measure (KMO) of 
sampling adequacy produced an overall score 
of .84, suggesting good sampling adequacy, 
with individual items’ scores ranging from .66 
to .89 (also suggesting acceptable to good 
sampling adequacy). After the first factor 
analysis, Kaiser’s criterion suggested two 
factors, which after rotation explained 50.22% 
and 26.46% of variance. After examining 
carefully the factor loadings matrix we 
observed that the item presence of the police 
appeared to have rather low communality 
equal to .32. Thus, in the second factor 
analyses we excluded this item. Now Kaiser’s 
criterion still suggested the existence of two 
factors and the communalities of all items 
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Presence of the Security 1
Presence of the Police .30* 1.00
Noise .29* .29* 1.00
Crowdedness .31* .32* .68* 1.00
Lines at the Entrances .33* .11* .27* .41* 1.00
Broken Glass on the Ground .27* .26* .48* .47* .18* 1.00
Litter on the Ground .28* .28* .43* .49* .26* .59* 1.00
Crowdedness of the Terraces .26* .27* .67* .83* .32* .50* .52* 1.00
Drunkenness .33* .35* .58* .59* .30* .65* .70* .59* 1.00
Precipitation -16* -.04 -.07 -.19* -.02 -.18* -.09* -.16* -.09* 1.00
*  significant correlations at the p < .05 level

Table 8: Spearman’s correlation matrix between items tapping into the environmental atmosphere component

OB bustle OB surveillance

Presence of the Security - .74

Noise .72 -

Crowdedness .68 .32

Lines at the Entrances - .90

Broken Glass on the Ground .86 -

Litter on the Ground .84 -

Crowdedness of the Terraces .78 -

Drunkenness .88 -

NOTE: coefficients lower than .30 are left blank

Table 9: Factor loading matrix after rotation
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were .76 or upwards. Conceptually, these two 
factors made sense as well. Therefore, two 
factors were extracted using the regression 
scoring method. The first and the second 
factor explained respectively 53.19% and 
28.77% (in total 81.96%) of the variance. 
Factor loadings are presented Table 9. Based 
on these loadings, the first factor was labeled 
as: OB bustle (as most the salient items in this 
factor indicated general busyness and activity, 
large amounts of glass, litter, drunkenness of 
the crowd and packed terraces), while the 
second factor was labeled as OB surveillance 
(as most salient items in this factor indicated 
lines at the entrances of the bars and presence 
of the security). The two new variables 
showed small, but significant correlation 
Pearson’s correlation coefficient equal to r = 

.34, (p < .01).
To illustrate how the new environmental 
variables varied on an average day of the 
weekend the reader is presented with the 
means of OB bustle and Surveillance across 
hours of the same representative night  (21-
03-2015 – 22-03-2015). In Figure 9 we see 
that OB bustle gradually increased as the 
night progressed, while Surveillance changed 
very slightly, showing a subtle decrease after 
1:00 o’clock in the morning.
The descriptive statistics of the two new 
variables – OB bustle and Surveillance – over 
the period of the study are presented in 
Table 10. Both variables had rather normal 
histograms (skewness < 0.64); (Figure 10), 
suggesting enough variation in the data

Figure 9: Changes in means of constructed variables tapping into environmental atmosphere component across night 
hoaurs of a representative night on Stratumseind

n Mean SD Variance
OB bustle 605 2.63 0.71 0.51
OB surveillance 605 1.37 0.52 0.27

Table 10: Descriptive Statistics for constructed variable tapping into environmental atmosphere component 
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Figure 10: Frequency histograms of two variables representing environmental atmosphere component

3.2.3 Police reports
Our results present the frequency distribution 
of nights that, based on coders’ evaluations 
of PR valence (nights that had positive vs. 
negative atmosphere), and PR busyness 
(nights that were busy/crowded vs. quiet). 
The coders coded the PR valence of the police 
atmosphere descriptions as positive for 20 
nights - 83.3% of the time, while only 4 nights 
– 16.7% of the time – were coded as negative. 
Regarding PR busyness, thirteen nights were 
coded as busy/crowded (54.2%) and 11 nights 
(45.8%) were coded as quiet.

3.3� Relationships�between�atmosphere�
components
We explored the correlations between 
different atmosphere measures – SAM 
pleasure, SAM arousal, SAM dominance, HB 
behavior, HB emotions and HB cognitions, 
OB bustle, and Surveillance – by calculating 
Spearman’s rhos (see Table 11). Police data 
were not included in the analyses as we were 
able to obtain only 24 data points. 
Results indicated small but significant 
correlations between SAM pleasure and 
SAM arousal (rho = .25,  p = .00) and SAM 
dominance (rho = .16,  p = .00); and between 
SAM arousal and SAM dominance, rho = .24,  
p = .00. SAM Arousal also showed a small, but 
significant negative correlation with hostility 
bias measures HB emotions (rho = -.11, p = 

.02) and HB cognitions (rho = -.11, p = .02); HB 
behavior correlated with HB emotions (rho = 
.33, p = .00) and with HB cognitions (rho = .13, 
p = .00), and HB emotions also correlated with 
HB cognitions (rho = .26, p = .00); last, small, 
significant correlations were found between 
two environmental variables – OB bustle and 
Surveillance (rho = .42, p = .00). Notably, we 
did not find significant correlations between 
crowd affect and cognition variables and 
variables representing environmental 
atmosphere component. Because of the 
very different nature of the methods used 
to capture these different measures and due 
to possible methodological weaknesses that 
will be reviewed in the discussion part of this 
chapter, at the moment, we cannot make any 
conclusions about how these two different 
atmosphere components relate to each other, 
neither, how they together form atmosphere 
as a whole. 

3.4� Atmosphere�dynamics
To explore the sensitivity of the various 
atmosphere measures (crowd affect and 
cognitions, and variables of environmental 
component), we investigated whether 
we could observe differences in these 
atmosphere measures based on our findings 
presented in Chapter 2. We expected to see 
variation across different weekend nights, 
across the night and across different locations 
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on Stratumseind.
We first explored the distributions of each 
variable to determine the statistical tests 
to be used for these analyses. Arousal was 
found to satisfy the normality assumption 
required for a one-way ANOVA, with Shapiro-
Wilk’s tests value of .99 and p < .01. The SAM 
pleasure and SAM dominance measures did 
not satisfy the normality assumption with  
Shapiro-Wilk’s tests values respectively  .92 
and p < .01 (SAM pleasure) and .96 and 
p < .01 (SAM dominance). The OB bustle 
and Surveillance were found to satisfy the 
normality assumption required for a one-way 
ANOVA with respective values of Shapiro-
Wilk test – .98 and p < .01 and .97 and p < .01.
Thus, one-way ANOVA was used to explore the 
dynamics in the SAM arousal, OB bustle and 
Surveillance; Kruskal-Wallis H test was used 
to explore the dynamics of SAM pleasure and 
SAM dominance. Finally, Pearson’s Chi-square 
test was used to explore the dynamics of the 
dichotomous hostility bias variables – HB 
behaviors, HB emotions and HB cognitions.

3.4.1 Dynamics across weekdays
3.4.1.1	 Affective-cognitive	component	
The Kruskal-Wallis H test indicated no 
significant differences in SAM pleasure levels 
between three weekend nights, with χ2(2) = 
0.39, p = .82; (see Figure 11 A for medians).
The results of one-way ANOVA indicated 
that there was no significant difference in 
mean SAM arousal levels between the three 
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SAM pleasure 1.00
SAMrousal .25* 1.00
SAM dominance .16* .24* 1.00
HB behavior .07 .03 .04 1.00
HB emotions .01 -.11* -.03 .30* 1.00
HB cognitions -.05 -.11* .03 .13* .26* 1.00
OB bustle .01 .09 .03 .02 -.03 .05 1.00
OB surveillance .02 .01 .00 .08 -.03 .04 .42* 1.00
*  significant correlations at the p < .05 level

Table 11: Spearman’s correlation coefficients for all atmosphere measures

weekend nights – F(2,577) = 1.03, p = .40; 
(see Figure 11 A for means).
The Kruskal-Wallis H test indicated no 
significant differences in SAM dominance 
levels between three weekend nights, with 
χ2(2) = 1.71, p = .42; (see Figure 11 A for 
medians). 
The Chi-square test indicated no significant 
differences in HB behaviors, HB emotions 
and HB cognitions across three weekend 
days, χ2(2) ≤ 1.39 and p ≥ .15. For a graphical 
overview see Figure 11 B.

3.4.1.2	 Environmental	component
The results of a one-way ANOVA indicated 
a significant difference in mean OB bustle 
between the three weekend nights – F(2,602) 
= 34.30, p = .00, η2 = .10. The Tukey post-hoc 
comparisons revealed that on Thursdays OB 
bustle (M = 2.31, SE = 0.05) was significantly 
lower than on Fridays (2.65, SE = 0.05), p < .01, 
OB bustle on Thursdays was also significantly 
lower than on Saturdays (M = 2.88, SE = 0.05), 
p = .00, finally, OB bustle on Fridays was also 
significantly lower than on Saturdays, p = .00, 
(see Figure 11 C).
Next, the results of a one-way ANOVA 
indicated a significant difference in mean 
Surveillance between the three nights – 
F(2,602) = 44.00, p = .00, η2 = .13. The Tukey 
post-hoc comparisons revealed that on 
Thursdays (M = 1.16, SE = 0.05) there was 
significantly less Surveillance than on Fridays 
(M = 1.33, SE = 0.05), p = .00 and Saturdays 
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(M = 1.61, SE = 0.05),  p = .00. Friday and 
Saturday also differed significantly, p < .01, 
(see Figure 11 C).

3.4.2 Dynamics across street locations
3.4.2.1	 Affective-cognitive	component	
The Kruskal-Wallis H test indicated no 
significant difference in SAM pleasure levels 
across three street locations -  χ2(2) = 0.53, p 
= .77; (see Figure 12 A for medians).
The results of a one-way ANOVA indicated a 
significant difference in SAM arousal levels 
across Stratumseind locations, with F(2, 577) 
= 3.54, p = .03, η2 = .01. The Tukey post-hoc 
comparisons revealed that arousal levels in 
the Short end of the street (M = 3.90, SE= 
0.10) were on average higher than on the 
Square (M = 3.54, SE = 0.10), p < .05. SAM 
arousal on the Long end of the street (M = 
3.69, SE = 0.07) did not differ significantly 
from the other two parts of the street (see 
Figure 12 A for means). 
The Kruskal-Wallis H test indicated no 
significant difference in SAM dominance 
levels across three street locations -  χ2(2) = 
0.57, p = .75; (see Figure 12 A for medians). 
The Chi-square test indicated no significant 
differences in HB behaviors, HB emotions and 
HB cognitions across different locations (χ2(2)  
≤ 1.54, p ≥ .46). For a graphical overview see 
Figure 12 B.

3.4.2.2	 Environmental	component
The results of a one-way ANOVA indicated 
a significant difference in OB bustle levels 
across the locations with F(2, 602) = 37.78, p 
= .00, η2 = .11, (see Figure 12 C). The Tukey 
post-hoc comparisons revealed that OB 
bustle in the square (M = 2.25, SE = 0.05) was 
both, significantly lower than the OB bustle in 
the long end (M = 2.82, SE = 0.04), p = .00 and 
the OB bustle in the short end of the street 
(M = 2.64, SE = 0.06) , p = .00; long and short 
ends also differed significantly in busyness 
levels, p < .05,.
Next, the results of a one-way ANOVA indicated 
a significant difference in OB surveillance 
across the locations with F(2, 602)=40.04, p 

= .00, η2 = .12, (see Figure 12 C). The Tukey 
post-hoc comparisons revealed that there 
was significantly lower OB surveillance at the 
square (M=1.13, SE=0.04) than on the long 
end (M=1.38, SE=0.03), p = .00, and the short 
end of the street (M=1.63, SE=0.04), p = .00; 
OB surveillance  was also significantly higher 
on the short end compared to the long end, 
p = .00.

3.4.3 Dynamics across time of the night
Last, we checked whether differences in 
atmosphere measures existed across night 
hours for short (22:00 to 02:00; Thursdays 
only) and long (22:00 to 04:00: Fridays and 
Saturdays) nights separately.

3.4.3.1	 Affective-cognitive	component	
For Thursday nights, the Kruskal-Wallis H test 
indicated no significant difference in SAM 
pleasure levels across night hours, with χ2(3) 
= 1.15, p = .77, (see Figure 13 A for means); 
also no significant differences were found 
across night hours on Fridays and Saturdays 
– χ2(5) = 2.95, p = .71, (see Figure 14 A for 
medians).
For Thursday nights, the results of a one-way 
ANOVA indicated no significant differences 
in mean SAM arousal, with F(3,160) = 1.32, 
and p = .27, (see Figure 13 A for means). Also, 
on Friday and Saturday nights, no significant 
differences in mean levels of SAM arousal 
were found, with F(5,402) = 1.53, and p = .18, 
(see Figure 14 A for means). 
For Thursday nights, the Kruskal-Wallis H 
test indicated no significant difference in 
SAM dominance levels across night hours, 
with χ2(3) = 2.17, p = .54, (see Figure 13 A 
for means); also no significant differences 
were found across night hours on Fridays and 
Saturdays – χ2(5) = 4.05, p = .54, (see Figure 
14 A for medians).
For Thursdays, the Chi-square test indicated 
no significant differences in HB behaviors 
across night hours, with χ2(3) = 0.68, p = 
.88 (see Figure 13 B). Also, no significant 
differences was found in amount of HB 
emotions across Thursday night hours, with 
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χ2(3) =5.16, p = .16. But, the Chi-square 
test indicated significant differences in HB 
cognitions between at least two night hours 
across Thursday night, with χ2(3) = 9.21, p = 
.03. Post-hoc analyses using the Fisher’s exact 
test indicated that the aggressive cognitions 
were less prevalent between 22:00 and 23:00 
than between 23:00 and 24:00 (p < .01) and 
between 00:00 and 01:00 (p < .01) o’clock. In 
other words, results indicate that the amount 
of aggressive thoughts increased around 
midnight on Thursdays. We did not find any 
significant differences in HB behavior, HB 
emotions or HB cognitions across night hours 
for long nights (χ2(2)  ≤ 3.59, p ≥ .61). For a 
graphical overview see Figure 14 B.

3.4.3.2	 Environmental	component
For Thursdays, the results of a one-way 
ANOVA indicated a significant difference in OB 
bustle levels across the night hours with F(3, 
171) = 52.28, p = .00, η2 = .48, (see Figure 13 
C). The Tukey post-hoc comparisons revealed 
that OB bustle was significantly lower the first 
hours of the night 22:00-22:59 (M = 1.82, SE 
= 0.06) than during the following night hours 
– 23:00-23:59 (M = 2.13, SE = 0.05), 00:00-
00:59 (M = 2.69, SE = 0.07), 01:00-01:59 (M 
= 2.64, SE = 0.05), p <. 01. Also OB bustle 
significantly increased between 23:00-23:59 
and 00:00-00:59, p = .01 and was significantly 
higher on the closing hour (01:00-01:59), p < 
.02, as compared to the second hour of the 
night (23:00-23:59), but did not differ the 
last two hours of the night – 00:00-00:59 and 
01:00-01:59, p = .94. In short, Stratumseind’s 
environment was busiest during the last two 
hours of the night.
For long nights (Fridays and Saturdays), the 
results of a one-way ANOVA indicated a 
significant difference in OB bustle across the 
night hours, with F(5, 417) = 123.72, p = .00, 
η2 = .56, (see Figure 14 C). The Tukey post-
hoc comparisons revealed that during the 
first two hours of the night – 22:00-22:59 
(M = 1.89, SE = 0.06) and 23:00-23:59 (M = 
2.28, SE = 0.05) – OB bustle was significantly 
lower (p ≤ .01) than during all the other hours 

of the night in the pairwise comparisons 
– 00:00-00:59 (M = 2.74, SE = 0.07), 01:00-
01:59 (M = 3.06, SE = 0.05), 00:02-02:59 
(M = 3.24, SE = 0.06) and 03:00-03:59 (M 
= 3.52, SE = 0.06). Then with each hour the 
OB bustle increased significantly, except 
between 4th and 5th hours of the night 
(01:00-0:02:59). In short, on long weekend 
nights Stratumseind environment’s OB bustle 
increased significantly with the night getting 
late, reaching its peak in the last two hours 
of the night. 
For Thursdays, the results of a one-way 
ANOVA indicated a significant difference in OB 
surveillance across the night hours with F(3, 
171) = 6.44,  p = .00, η2 = .10, (see Figure 13 
C). The Tukey post-hoc comparisons revealed 
that the two hours before midnight 22:00-
22:59 (M = 0.96, SE = 0.06) and 23:00-23:59 
(M = 1.26, SE = 0.06) differed significantly 
in the OB surveillance levels, p < .01. Also 
the first hour differed significantly from 
the third 00:00-00:59 (M = 1.33, SE = 0.07), 
p < .01. However, the other four pairwise 
comparisons were found to not be significant. 
In short, the OB surveillance was most salient 
on the second (23:00-23:59) and third (00:00-
00:59) hours of the night. 
For long nights (Fridays and Saturdays), the 
results of a one-way ANOVA indicated a 
significant difference in the OB surveillance 
across the night hours with F(5, 417) = 23.15, 
p = .00, η2 = .22, (for the overview of the 
means see Figure 14 C). The Tukey post-hoc 
comparisons revealed that all the night hours 
–23:00-23:59 (M = 1.51, SE = 0.05), 00:00-
00:59 (M = 1.64, SE = 0.07), 01:00-01:59 (M 
= 1.77, SE = 0.05), 02:00-02:59 (M = 1.59, 
SE = 0.07), except for closing 03:00-03:59 
(M = 1.23, SE = 0.06) hour, were significantly 
different from the first hour 22:00-22:59 (M 
= 1.06, SE = 0.06), p < .01. In general, the OB 
surveillance grew with each night hour up to 
the 4th hour and then dropped gradually on 
the long weekend nights. The most lines were 
between 00:00 and 02:59.
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3.4.4 Police reports
As mentioned before, the number of data 
points obtained from the police was too small 
to perform extensive analyses on, however 
we do provide an overview of PR valence 
and PR busyness as two aspects representing 
the atmosphere across weekdays (see Table 
). A Chi square test showed no significant 
differences in frequencies of positive 
atmospheres, with χ2 (2) = 2.40,  and p =.30. 
However, we found a significant difference 
in the business dimension of atmosphere 
evaluation, with χ2 (2) = 12.42,  and p = .00 
. Fisher’s exact test indicated that Thursdays 
were rated as significantly less busy compared 
to Saturdays (p = .01). These data cannot be 
split across hours or locations.

3.5� Atmosphere�and�Light
In this section we present our explorations of 
possible influences of lighting manipulation 
on atmosphere components. For this, only 
data obtained between 22:00 and 00:45 on 
Thursdays, and 02:45 on Friday and Saturday 
nights were included in analyses. This was 
done, because in the experimental dynamic 
lighting condition the pulsations were only 
active in these windows of time (see Section 
2.3.3 for more explanation). The effects of 
light are explored on each of the atmosphere 
components separately and presented in the 
same structure as in previous sections. 

3.5.1 Affective‐cognitive component
First, we ran a Kruskal-Wallis H test to test 
whether lighting affected SAM pleasure, but 
found no statistically significant difference 
between the two lighting conditions, with χ2 

Thursday Friday Saturday Total
n n n N

PR Valence Positive 8 6 6 20
Negative 0 2 2 4

PR Busyness Quite 7 4 0 11
Busy 1 4 8 13

Table 12: Atmosphere coding per weekend day for Police Data

(1) = 0.07, and p = .79.
Second, we checked whether there was any 
significant difference in SAM arousal levels 
between the two lighting conditions. The 
independent samples t-test showed that SAM 
arousal levels were slightly higher during the 
experimental dynamic lighting (M = 3.75, SE= 
0.07) than with the static control lighting (M 
= 3.67, SE = 0.08), but this difference was not 
statistically significant, with t(453) = -0.71, p = 
.48, and d = .07.
Next, we ran a Kruskal-Wallis H test to test 
whether lighting affected SAM dominance, 
but found no statistically significant difference 
between the two lighting conditions, with χ2 
(1) = 0.00, and p = .98.
To explore whether lighting scenarios affected 
the three hostility bias variables we cross-
tabulated the data. We found no significant 
differences in amount of HB behavior (χ2 (1) 
= 0.15, p = .70), HB emotions (χ2(1) = 0.37, p 
= .54) or HB cognitions (χ2(1) = 0.16, p = .69) 
between the two different lighting conditions.   
3.5.2 Environmental component 
We checked whether, on average, OB bustle 
and OB surveillance differed between lighting 
conditions by means of two independent 
sample t-tests. Results showed no significant 
difference in OB bustle, with t(448) = 1.00, p 
= .32, d = .06, during nights with exposure to 
experimental lighting conditions (M = 2.42, 
SE = 0.04) and nights with control lighting 
conditions (M = 2.48, SE = 0.04). We found 
a significant difference in OB surveillance, 
t(448) = 2.24, p < .05, d = .24. During nights 
with exposure to experimental lighting 
conditions there seemed to be less OB 
surveillance (M = 1.37, SE = 0.04) than on the 
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nights with control lighting conditions (M = 
1.48, SE = 0.04). 

3.5.3 Police reports 
To explore whether there was any relation 
between lighting scenario and atmosphere 
evaluations extracted from police reports 
we cross-tabulated the data. None of the 
variables seemed to be related to scenario. 
We found no significant difference in PR 
valence across two scenarios χ2(1) = 0.00, p 
= .99; no differences were also found in PR 
busyness – χ2(1) = 1.60, p = .21. 

4 Discussion
The first goal of the present field study was 
to explore the suitability of the selection of 
research methods employed to measure 
different atmosphere components, and 
to evaluate their sensitivity in capturing 
atmosphere dynamics across weekend nights, 
street locations and time of the night. Second, 
we intended to get a better understanding 
of what atmosphere is, by examining how 
different atmosphere measures tapping 
into affective-cognitive, behavioral and 
environmental atmosphere components 
relate and co-vary. Last, we aimed to explore 
whether lighting manipulations could evoke 
positive changes in these atmosphere 
components.

4.1� Measuring� Atmosphere� and�
Atmosphere�Dynamics
Using a multimethod approach we 
collected data that were intended to 
capture the affective-cognitive, behavioral, 
and environmental components of the 
atmosphere on Stratumseind. Self-reports 
and hostility bias tests performed with 
Stratumseind visitors were aimed at getting 
insights in the affect and cognitions of the 
Stratumseind crowd, and observations of the 
crowd behavior and states of the physical 
environment were intended to register 
changes in the socio-physical environment. 
Below, we discuss how well these selected 
methods and tools performed in measuring 

atmosphere. 

4.1.1 Affective‐cognitive component
The results of the present study suggested 
that our crowd affect measures are not 
suitable to meaningfully capture the pleasure 
dimension of the crowd’s mood, as the 
variable lacked variance. Although in terms 
of variance the arousal and dominance 
scales performed somewhat better, neither 
showed the expected dynamics across 
weekdays, street locations or time of the 
night. The responses to the hostility bias 
test also did not show the differences across 
days or locations that we expected to see, 
however, we did find a significant increase 
in aggressive cognitions (HB cognitions) 
after midnight on Thursday nights. The 
overall absence of variation and (significant) 
differences raises the question whether the 
chosen protocol to employ self-reports and 
indirect measures of aggression, as used in 
the present study, is an effective means to 
assess a crowd’s affect and cognitions. We 
chose this approach, because, as compared 
to other methods (e.g., observations of facial 
expressions, psychophysiological measures), 
SAM and Hostility Bias test seemed to be 
the most feasible and suitable tools to use in 
the naturalistic context of the present study. 
However, critical reflection on our results and 
methods uncovered several issues that may 
explain the lack of variation in the data and 
may point to the fact that we did not capture 
the dynamics of the affective/cognitive 
atmosphere components that were expected 
based on the previous study (Chapter 2).  
To start with, in any nightlife or going-out 
context one would expect people to be 
hoping to have fun and thus be in a positive 
mood. Therefore, it is not surprising that the 
SAM question that was intended to capture 
the crowd’s pleasure, in our study, was 
heavily skewed – most of the respondents 
were either happy or very happy. However, 
SAM is not designed to differentiate between 
different levels of positive valence, but rather 
it is based on bipolarity of the pleasure 
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dimension – from positive to negative – and, 
thus additional questionnaires to assess 
the crowd’s affect might be necessary. Yet, 
one of our major requirements for this 
study was to use a self-report tool that 
would not involve long questionnaires 
and was visually based. Another issue was 
alcohol consumption. Alcohol has both 
physiological and psychological effects that 
may result in changes in behavior, cognitive 
impairment, changed emotional states, and 
altered perceptions of self, others and the 
surrounding environment,  (Rohsenow, 1983; 
Wells et al., 2011; Keane & Lisman, 1980; 
Wilson, Abrams, 1977; Hull, Bond, 1986; 
Exum, 2006). Therefore, as intoxication may 
have affected our participants’ ability to self-
reflect and evaluate the situation surrounding 
them, it may have also influenced the 
responses to our surveys and the answers to 
the aggression tolerance test. 
Next, we should consider selection and 
response bias. First, although our research 
assistants were instructed and did their best 
to randomly select people from the crowd 
to be recruited for our study, a selection bias 
may still have played a role in how and which 
people were approached during the study. 
For example, from our own experience and 
research assistants’ reflections we know that 
at times certain visitors of Stratumseind, who 
were a part of the crowd, were not approached, 
because they looked intimidating, unfriendly, 
or unpleasant. Second, it is possible that data 
collected through self-reports and hostility 
bias tests were affected by the presence of 
others, as often we were not able to approach 
individuals in private. The presence of others 
(e.g., friends or even the gender of the 
interviewer) may therefore have influenced 
their responses. Also, we have to consider 
the sample size. On average we managed to 
recruit 2-3 Stratumseind visitors per hour to 
participate in our study, this means that these 
2-3 people were to represent the crowd 
present at that moment on one of the three 
areas of the street (twice as many in the 
long part of the street). The area, however, 

can host tens of thousands of people each 
weekend. So although throughout our study 
we were able to interview 580 respondents, 
the representativeness of a total hourly 
sample of 2-4 participants per location can 
- and perhaps should  - be questioned. To 
increase the sample size we could employ 
more research assistants, however that 
would make the study extremely costly and 
having in mind the other issues that were 
just mentioned, might not really improve the 
quality of the data.  
Last, self-reports and hostility bias tests were 
a direct way to collect data about the crowd’s 
moods and cognitions, which are attributes 
of the individuals in the crowd. Yet in our 
previous study we discovered atmosphere 
and its components by studying the holistic 
socio-physical context. We identified the 
affective component by observing people’s 
moods from a distance, thus, not only directly 
asking Stratumseind visitors how they felt, 
but also making evaluations of the crowd’s 
affect and atmosphere as a third person 
(observer). Actually, sometimes we also 
noticed the discrepancies in how people 
reported to feel and how the atmosphere 
was perceived (see Chapter 2). Literature 
(Uhrich & Koenigstorfer, 2010) further 
suggests that self-report based affect 
measures, without additional assessment 
of the crowd’s affective responses to the 
environment/atmosphere (e.g., observations 
of facial expression and interaction), are not 
suitable methods to capture the affective 
response to the environmental stimuli. 
Moreover, some researchers also argue that 
mood generally is an intra- rather than extra-
individual construct (Vogels, 2008), and that 
is opposing our definition of the atmosphere 
on Stratumseind (extra individual state of 
socio-physical environment). This suggests 
that perhaps directly measuring mood is 
not the right choice to capture the affective 
aspects of atmosphere, and that we need to 
employ a different approach. 
All in all, our results and experiences suggest 
that using self-reports and indirect measures of 



3

104

aggression, such as hostility bias, are probably 
not the most effective, nor the most efficient 
way to measure the affective-cognitive 
component of atmosphere. We conclude that 
we have to look for a more holistic and less 
intrusive method that allows us to assess the 
affective aspects of atmosphere; one that 
prevents abovementioned biases, and is also 
more sensitive to dynamics in this state as 
observed in Chapter 2. 

4.1.2 Behavioral and Environmental 
components 
The observations of the physical environment 
resulted in two variables describing Bustle, 
and Surveillance on Stratumseind. Further 
exploration of these variables revealed that 
the tool was able to capture the expected 
dynamics in this atmosphere component 
(e.g., differences across week days and street 
locations, also, change across the night 
hours). Unfortunately, observations regarding 
the behavioral component of atmosphere 
did not show sufficient inter-rater agreement 
and we were unable to capture enough 
variation. Thus, we were also not able to 
report on whether and how crowd behavior/
interactions change across the control 
variables.
Reasons for why the behavioral component 
was not captured may lie in the design of our 
tool in combination with the highly dynamic 
nature of the behaviors to be observed. To 
assess this component of atmosphere, we 
created a rather long checklist of relevant 
interactions and behaviors that was filled 
out after observing the environment. Most 
of the items were taken from the Graham 
et al. (2000) study or inspired by the study 
presented in Chapter 2. The resulting list was 
presented to the observers without clustering 
or grouping the items, so it basically was 
a long, unstructured list to scroll through 
(different from the items describing other 
aspects of the environment). It is possible 
that, while looking through the list, some 
behaviors were missed and others, although 
seen, forgotten. To avoid this issue in the 

future a better, more structured presentation 
of the behaviors/interactions could help. In 
addition, in the present analyses we used 
the ICC value as the only criterion to include 
or discard items for further analyses. Thus, 
if the ICC was low, items were discarded. 
However, based on our current experience, 
we would suggest that in future studies, we 
should also consider to include dichotomous 
items (items that represent the presence or 
absence of a certain behavior) into analyses 
if at least one of the observers noticed it. This 
is because, although research assistants are 
observing the environment and filling out the 
schedules at the same time, they do not go 
through each of the items at exactly the same 
moment. For this reason, one observer may – 
validly – notice a certain behavior, while the 
other one is busy filling out other parts of the 
questionnaire and vice versa. This only holds 
for the items such as behaviors/interactions, 
as the confidence in observers should not be 
overestimated – they do not have to evaluate 
or assign meaning to a certain behavior, but 
only observe its presence in the crowd. 
The observational coding scheme probing 
the physical aspects of atmosphere, which 
was based on the study presented in the 
previous chapter and the observation scheme 
used by Graham, West and Wells (2000), did, 
however, perform well. This may be partly 
due to its conciseness, and partly to the fact 
that observations here pertained to quite 
stable, persistent cues, as opposed to the 
dynamic, fleeting character of the social and 
interactional cues discussed above. Although 
at the moment we cannot reliably relate 
these physical characteristics to the crowd’s 
behavior and affect – because those were not 
reliably captured in the present study – we 
do see the trends and changes (i.e., across 
weekdays, street locations and night hours) 
that we learned exist from the baseline 
study. Furthermore, we were able to reveal 
two correlated dimensions – Bustle and 
Surveillance  –  along which observations are 
structured. To some extent our Bustle variable 
resembles that of ‘permissive environment’ 
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found as descriptive characteristic of the 
drinking environment in Graham’s studies of 
alcohol related aggression. There they argued 
that a permissive environment – a bar, where 
aggression will be accepted, tolerated and, 
perhaps, even expected – contributed to 
higher levels of aggression in bars (Graham, 
West & Wells, 2000). The main difference 
between the dimension of Bustle found in 
our study with that of Graham’s is that ours is 
mainly based on the cues in the surrounding 
physical environment (i.e., amount of litter, 
glass, drunkenness) and not so much on the 
social norms and behavior of the patrons 
or bar staff (this was the case in Grahams 
study). In a way, the behavioral aspect of 
this dimension was intended to be captured 
via the behavioral component, but we were 
unsuccessful to do so.  
To conclude, it seems that our observation 
schedule is able to capture the environmental 
atmosphere component and its dynamics 
well. It reflects the qualitative observations 
of Stratumseind context reported in Chapter 
2. With the present tool we were able to 
show how crowdedness, amount of litter vary 
across time and location on Stratumseind. 
We were also able to capture the dynamics 
of visibility of security and police. All these 
aspects are very relevant in describing the 
atmosphere and taken together show that 
using an ecological approach we were able to, 
at least partially, describe our socio-physical 
context. However, we have yet to re-design 
and improve the tool to make sure that the 
social/behavioral component is measured 
properly. This will be done in the following 
chapters of this dissertation. 

4.1.3 Police reports
Although police knowledge of Stratumseind 
and its visitors, and the insights that they can 
provide about the atmosphere are extremely 
valuable, the current form of data that we 
received from the police office – very short 
descriptions of the overall atmosphere of the 
night – is not suitable to run reliable analyses 
on. To be able to cover atmosphere changes 

throughout the night in future studies, we 
should look for more close collaborations 
with the police, and find ways to collect 
more frequent (e.g., hourly) evaluations of 
the atmosphere by the officers present on 
Stratumseind. In Chapter 6 we present a 
study where atmosphere was measured in 
collaboration with security representatives on 
Stratumseind (not police, but Stratumseind 
stewards).

4.2� Relationship� between� atmosphere�
components�
The absence of correlations between 
different measures of the affective-cognitive 
and environmental atmosphere components 
restrained us from examining how these 
variables co-vary in time and space and 
together construct atmosphere as a whole. 
The absence of correlations between 
mood and cognition measures and the 
environmental component of the atmosphere 
may also suggest that moods, the way we 
measured them now, are not representative 
of the actual affective component of the 
atmosphere. This too could be explained 
by our definition of atmosphere as an 
extra-individual state of the socio-physical 
context. As Barker (1968) noted, individuals 
in the ecological setting all differ in their 
psychological attributes (i.e., mood), yet 
taken together they exhibit extra-individual 
patterns of behaviors, which can be observed 
and described. In our case, we hypothesize 
that in the context of atmosphere, a crowd’s 
affect and cognitions, as well as behaviors 
exhibit the same extra-individual patterns. 
Thus, to properly understand individual 
contributions of the atmosphere components, 
it seems that a more holistic measure of this 
construct is necessary. In the next chapter 
we will introduce a new measure to capture 
atmosphere in a more holistic way. 

4.3� Atmosphere�and�Light
We have found no significant effects of 
the lighting manipulation on any variable 
describing atmosphere components, except 
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for Surveillance. At the moment it is too early 
to conclude that lighting has any or no effect 
on atmosphere, mainly because we were not 
able to reliably capture certain atmosphere 
components and compare the results across 
them. The only significant difference found 
in Surveillance thus could also be a type two 
error. Moreover, the lighting manipulation 
that was tested in a laboratory setting may 
look and feel completely different in a 
naturalistic setting, and this is what we have 
learned in the present study. In this section 
we will elaborate on this matter. 
In our study we used the lighting manipulation 
that had shown promising results or trends 
in positively influencing a crowd’s affect. 
More specifically, it appeared to lower the 
arousal levels (Jansen, 2015). Although 
Jansen performed his experiments in the 
field – just outside of the room occupied 
by a student bar – which to some extent is 
similar to Stratumseind, this location offered 
much more control over the context of his 
experiment (e.g., lighting levels, movement of 
people, physical set up of the room). First, it 
was an indoor space making it much easier to 
set up and adjust the lighting manipulation. On 
Stratumseind, it is impossible to relocate the 
positions of the street luminaires or change 
the height at which they are hanging. Jansen 
also had much more control over possible 
external influences (e.g., noise, music). He 
could agree with the bar management on the 
levels of the music, also no extra lighting was 
visible in the direct context of his experiment. 
The context of Stratumseind is, unfortunately, 
not as straight forward. Each bar has its own 
playlist, its own terrace set up and its own 
idea on how they create the atmosphere 
around it (which eventually also contributes 
to the general atmosphere of Stratumseind). 
Some bars play loud music, some have 
standing tables only, the others create seating 
areas, but one thing is common to all: a lot 
of party lights coming from all corners of the 
buildings. This creates a cloud of bright and 
colorful light just below the height of the 
street lighting luminaires. This cloud covers 

all of Stratumseind, being thinner in some 
parts and thicker in others. In our study we 
eventually noticed that in more dense areas, 
where the levels of this light were extremely 
high, our dynamic lighting scenario could not 
penetrate through to the eye level, rendering 
the intended salient drops in luminance levels 
not so salient at all. And thus, this may have 
influenced the results of our study. 

4.4� General�reflections�and�conclusions
All in all, the present study provided us with 
valuable insights on measuring atmosphere 
on Stratumseind. We experienced that it is 
rather difficult, if not impossible, to assess 
the affective-cognitive component directly. 
We were, on the other hand, able to capture 
the environmental component and further 
examine how it changes across space and time. 
Most importantly, the trends and patterns 
we found in these variables (i.e., a peak in 
Bustle around and after midnight, or that the 
most busy and buzzing night was found to 
be Saturday) describing the atmosphere also 
resemble our qualitative findings reported 
in Chapter 2, thus increasing the validity of 
our conclusions made in the present chapter. 
However, although we attempted, and in 
some cases succeeded, we learned that 
measuring each component individually is 
not enough to understand atmosphere as 
a whole. While examining the relationships 
between different atmosphere components, 
we concluded that a different, more holistic 
and experiential, measure of the atmosphere 
may be required to understand the nature of 
this complex construct. Next, we learned that 
observational methods seemed to work quite 
well and, perhaps, because of their suitability 
to the naturalistic setting of our studies, they 
could be adapted in measuring other aspects 
of the atmosphere in the future. We also 
added to our previous insights that police data 
is extremely important in evaluations of the 
atmosphere on Stratumseind. This stimulated 
us to collaborate closely with them in our 
future studies (for example see Chapter 6 and 
7). Finally, as discussed in the introduction 
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and as we observed in the present study, 
lighting scenarios that are selected for the 
field studies on Stratumseind based on the 
laboratory findings have to be adapted and 
adjusted to fit the outdoor, urban nightlife 
environment.
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Quantifying atmosphere - developing and testing 

atmosphere appraisal questionnaire
4
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1 Introduction
In Chapter 2 of this dissertation we 
introduced the concept of atmosphere as a 
“real” and “tangible” attribute of the socio-
physical context. It emerges in the interaction 
amongst crowd members with each other 
and their direct surroundings. We labeled 
this emergent phenomenon ‘real’, because 
it appeared to affect the experience of the 
night of all individuals within the crowd, and 
‘tangible’ because it seemed to be sensed by 
all present on the street, - researchers, police 
agents, bar staff and patrons. We identified 
three atmosphere components: an affective-
cognitive component, a behavioral one, and 
an environmental one. The affective-cognitive 
component reflects the mood or affect of 
the crowd as well as their cognitions (e.g., 
hostility bias; see Chapter 3). The behavioral 
component reflects how the people in the 
crowd interact with each other and with 
the environment. Last, the environmental 
component reflects the state of physical 
environment, including for example the 
busyness, police salience, and dirtiness of 
the street. In Chapter 3, we intended to 
capture and quantify (changes in) these three 
atmosphere components through surveys 
among patrons and through structured 
observations. The results from the field study 
indicated that we were able to successfully 
measure changes in the environmental 
atmosphere component by means of 
structured observations, demonstrating good 
to excellent inter-rater agreement as well as 
sensitivity in detecting changes in the state 
of the environment over time and across 
days. However, we were unsuccessful in 
reliably assessing the other two components 
of atmosphere: the affective-cognitive 
component, and the behavioral component. 
Regarding the behavioral component, we 
were not able to achieve sufficient inter-rater 
agreement with the observation scheme 
used, and the measures did not show 
enough variance to uncover the dynamics 
of this component over time. With respect 
to the affective-cognitive component, we 

tried to average self-reported moods and 
performance on a hostility bias test obtained 
from a sample of the members of the 
Stratumseind crowd as a measure of the affect 
and cognitions of that crowd. However, this 
turned out unsuccessful and both measures 
lacked variance, suggesting that they 
were not suitable to capture the expected 
changes in affective-cognitive component of 
atmosphere. Whether or not such averaging 
of the moods and cognitions of individuals 
is in fact a valid means of measuring the 
cognitive-affective state of the crowd is 
difficult to establish, if only because it turned 
out to be infeasible to gather a sufficiently 
large and representative sample of the crowd 
members. In this chapter, we explore an 
alternative means of capturing changes in 
the atmosphere on Stratumseind, based on 
existing research on atmosphere perception 
in other contexts and the measurement 
method proposed by Vogels (2008).  

1.1� Atmosphere�perceptions�
Atmosphere is a term often used to describe 
the perceived surrounding ambience of a 
given setting (e.g., atmosphere of the shop, 
bar, waiting room). For instance, it has been 
argued that atmosphere has an influence 
on people’s affective responses and in 
turn can affect their behavior and place-
related experiences (Donovan & Rossiter, 
1982; Schlosser, 1998; Turley & Milliman, 
2000; Uhrich & Koenigstorfer, 2010). In 
this literature, atmosphere generally refers 
to individuals’ experience of the physical 
environment, i.e., their affective appraisal of 
a space, or of the space’s potency to change 
a person’s mood (Vogels, 2008). Most of 
the research on atmosphere appraisal is 
performed in the field of consumer research 
(Kotler, 1974; Babin & Attaway, 2000; Turley 
& Milliman, 2000). Kotler (1974) coined the 
term ‘atmospherics’ to denote the “conscious 
design of space to create certain effects in 
buyers” (p. 50). Based on this definition, 
researchers have also tried to tackle the 
possible effects of atmosphere appraisals on 
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dining experience (Liu, Jang, 2009) and the 
experience of visitors of a museum exhibition 
(Forrest, 2013). Assessment of atmosphere 
appraisals is even used in psychiatric research 
to understand the effects of ward ambience 
on patients’ satisfaction and response to 
the treatment (Friis, 1986a; Friis, 1986b; 
Rossberg, Friis, 2003; Middelboe, Schjodt, 
Byrsting & Gjerris, 2001, Rossberg & Friis, 
2004). 
Our concept of atmosphere is quite different 
from that in the abovementioned studies, 
in the sense that we do not conceptualize 
atmosphere as a subjective appraisal of a 
physical setting, but as an emergent property 
of a crowd in context, rooted not in people’s 
heads, or in the physical environment, 
but in the interaction – transaction if you 
will – between crowd members and their 
socio-physical environment. Thus, in our 
case atmosphere does not exists without 
the presence of people. In research on 
atmospherics, atmosphere appraisal is 
predominantly defined by the interior and 
aesthetical features of the built environment. 
Interestingly, a store’s atmosphere appraisal 
is probably also influenced by social factors, 
including, for example the behavior of clerks 
towards their customers. Indeed, in their 
review of the literature, Turley and Milliman 
(2000) suggest the importance of human 
variables to properly investigate atmosphere 
appraisal effects in the retail sector including 
the appearance of the customers and 
employees, customer privacy, and perceived 
crowding in the store. They argued that these 
human variables, just like other environmental 
cues (e.g., store interior, layout and design 
variables) are extremely important when 
evaluating atmosphere appraisal of the retail 
environment. But even in this literature, the 
authors regard atmosphere as a subjective 
appraisal of context, which diverges from 
our conceptualization of atmosphere as a 
property of the crowd in context, perceptible 
to all, yet something more objective – ‘real 
and tangible’ – than subjective atmosphere 
appraisals. Moreover, the atmosphere of an 

urban night life area is undoubtedly composed 
of both the social and the physical features of 
the surrounding. In fact, since architectural 
properties of the street stay more or less 
constant in time, social context and physical 
properties of the environment that are 
influenced by human presence (e.g., litter, 
crowding) are more prominent determinants 
of the atmosphere on Stratumseind than 
they are in a store context. But, similar to the 
literature above we also acknowledge that 
the atmosphere of a crowded bar street may 
have a causal effect on the experience and 
behavior of patrons served there. 
To measure room atmosphere appraisal, 
Vogels (2008) developed an instrument – 
the atmosphere perception questionnaire 
– consisting of a list of descriptive, yet not 
evaluative (in the sense of good/pleasant 
or bad/unpleasant) adjectives. Participants 
evaluate the extent to which these adjectives 
describe the room’s ‘atmosphere’ on a 5 or 
7-point response scales indicating to what 
extent each adjective applies to the space. 
It was designed and validated in a series 
of experiments where different aspects of 
environments were manipulated to create 
different atmospheres. Her data showed 
that room atmosphere appraisal has four 
underlying dimensions, each describing 
different aspects of the interior atmosphere: 
coziness, liveliness, tenseness and 
detachment. In addition, she demonstrated 
that these dimensions meaningfully 
characterized atmosphere appraisals of 
various settings (e.g., clothing shops, sports 
shops, and banks). Later, Vogels’ tool was 
successfully used by other researchers 
studying environmental influences on 
atmosphere perception, such as effects 
of store lighting on room atmosphere 
perception (e.g., studies by Quartier, Vanrie 
& van Cleempoel, 2014; Custers, de Kort, 
IJsselsteijn & Kruiff, 2010) or influences of 
aging on atmosphere perception (Kuijsters, 
Redi & Heynderickx, 2012).
In spite of the differences between 
room atmosphere as conceptualized in 



4

113

atmospherics and crowd atmosphere as 
conceptualized by us, the measurement of 
atmosphere appraisal may be instrumental 
in investigating how atmosphere on 
Stratumseind changes throughout the night 
and across days. In the present chapter, we 
adapt the instrument by Vogels (2008) with 
the intention to capture crowd atmosphere 
through the atmosphere appraisals, and 
thus to use it as an additional instrument 
alongside the tools we started to develop in 
Chapter 3. Whereas the latter tools allow us 
to investigate how the affective-cognitive, 
behavioral, and environmental components 
of atmosphere change over time in terms of 
counts of fairly objective events and features, 
this measurement tool of atmosphere 
appraisal will provide an estimate of such 
changes based on more holistic, experiential 
appraisals. 

1.2� Research�Aims�
The aim of the present study is to develop and 
test an instrument for measuring atmosphere 
as a holistic unit in an urban nightlife setting, 
and for Stratumseind in particular. For this 
purpose, we adapted the room atmosphere 
appraisal instrument developed by Vogels 
(2008) to fit the context of Stratumseind and 
our conceptualization of crowd atmosphere. 
Such adaptation was necessary as the 
original instrument was intended for indoor 
environments (e.g., stores), and focused 
predominantly on appraisal induced by the 
physical (i.e., architectural), rather than the 
socio-physical features of a setting. Last, we 
felt it was necessary to include also more 
evaluative, i.e. valence-related items for our 
research purposes.
To test the reliability and validity of the newly 
developed crowd atmosphere appraisal 
questionnaire for urban nightlife areas, pairs 

of observers completed the instrument 
throughout a number of weekend nights. For 
the instrument to reliably capture changes in 
the atmosphere over time, there, first, should 
be sufficient consistency between ratings on 
each item made by different observers. In 
terms of validity, we expect factor analysis 
to reveal sensible latent variables describing 
different aspects of atmosphere (e.g., 
valence, liveliness, tension), which in turn 
are expected to be sensitive to differences 
and fluctuations in the atmosphere between 
nights and across night hours as observed in 
Chapters 2 and 3. Thus we aimed to explore 
three main questions:

1 Which items of the crowd atmosphere 
appraisal questionnaire (CAAQ) achieve 
sufficient agreement between different 
raters in the context of Stratumseind? 
2 What are the different dimensions of 
atmosphere on Stratumseind that are 
captured by the instrument? 
3 Is the newly develop instrument 
sensitive to changes in atmosphere that 
we expect to observe over time and 
across weekend days?

2  Methods
2.1� Design
During two weekends (i.e. six nights, 
Thursdays through Saturdays) in May 2016, 
atmosphere was evaluated using the adapted 
atmosphere perception questionnaire 
(Vogels, 2008). Each night, data collection 
started at 10:00 PM and lasted until 2:00 
AM the next day on Fridays and Saturdays, 
and until 4:00 AM the next day on Sunday 
nights (i.e., the times at which the bars close, 
except for Friday – due to technical issues on 
both Fridays data collection was stopped two 
hours before closing time)1.  During the data 
collection hours, a team of two observers 

 1 This study was conducted as part of a student project within the USE Light and Experience Project course at Eindhoven University of 
Technology. The study also included a lighting manipulation consisting of two conditions with small, and hard to notice differences in 
correlated color temperature. These lighting conditions were counter-balanced across the evenings. The sole purpose of this lighting 
intervention was to make the study meet the learning outcomes of the course, which amongst other things requires students to analyze 
possible effects of lighting. For this reason, and because any significance test related to these lighting manipulation will be massively 
under-powered, we do not consider effects of lighting in this chapter.
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walked up and down Stratumseind, and 
completed, each individually, the atmosphere 
perception instrument at multiple locations 
on the street. Eight people participated as 
observers, each time in ad-hoc configurations 
of two.

2.2� Setting
The field test was conducted on Stratumseind 
in Eindhoven, The Netherlands. Each hour, 
the questionnaire was filled out in three 
locations: once on the long end of the street, 
once on the Square, and once on the short 
end (for locations see Chapter 3, Figure 1). 

2.3� Procedure
At the beginning of the evening, the two 
observers went to the first observation location 
(always on the long end of the street), and 
after observing the crowd for 5-10 minutes 
completed, independently of each other, 
the questionnaire items on the tablet. After 
completing the questionnaire, the observers 
moved to the next location on Stratumseind. 
After data were collected at all three locations 
on Stratumseind, the two observers returned 
to the long end of the street and repeated the 
procedure until the end of the data collection 
period for that night. This resulted in 12 to 18 
completed questionnaires per observer per 
night. In total, the perceived atmosphere on 
Stratumseind was  measured 80 times, each 

time consisting of two independent sets of 
ratings.

2.4� Measures
The newly developed atmosphere 
questionnaire for Stratumseind consisted of 
30 items. The list of adjectives used in the 
present study was constructed based on the 
original list derived by Vogels, our experience 
in the field based on studies reported in 
Chapter 2 and Chapter 3, and a few hours 
of on-site unstructured observations on 
Stratumseind. The card sorting method was 
used to select the final list of words best 
describing positive and negative aspects of 
the crowd atmosphere on Stratumseind. 
This resulted in a list of adjectives that 
describe different aspects of the experienced 
atmosphere on Stratumseind (see Table1). 
Each questionnaire item consisted of 
an adjective describing a quality of the 
atmosphere (see Table 1 for the list of 
adjectives used). Each item was presented as 
a question: ‘Is the word <adjective> suitable 
to describe the atmosphere where you are 
standing?’. Observers respond on a 9-point 
scales ranging from absolutely not suitable 
(coded with -3), to very suitable (coded with 
a 3).

2.5� Statistical�analyses�
Analyses were performed in two steps. First, 

Accessible/ Toegankelijk Fearful/Angstig
Nicely Crowded/ Gezellig 
druk

Stinking/Stinkend

Aggressive/Agressief Festive/Feestelijk Open/Open Stuffy/Benauwd

Attractive/Sfeervol Friendly/Vriendelijk Oppressive/ Beklemmend Tense/Gespannen

Cheerful/Vrolijk Good/Goed Pleasant/Behaaglijk Tiresome/Vermoeiend

Comfortable/Gemoedelijk Happy/Blij Relaxed/Ontspannen Warm/Warm

Crowded/Druk Informal/ Ongedwongen Restless/Onrustig Welcoming/Gastvrij

Drunk/Dronken Irritating/Irritant Social/Gezellig

Exciting/Enerverend Lively Stimulating/ Stimulerend

Table 1: The initial set atmosphere terms ordered alphabetically and with Dutch translation (in bold the items taken 
directly from Vogels (2008))
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we assessed inter-rater agreement by means 
of calculating the Intraclass Correlation 
coefficients (ICC) to determine whether the 
same meaning was assigned to atmosphere 
adjectives by different observers. A one-way 
random effects model was used to calculate 
absolute agreement over two judges. For 
items with fair or better ICC coefficients (i.e., 
≥ .40; see Cicchetti, 1994), we averaged the 
ratings of the two observes into a single score 
for each of the 80 observations. The criterion 
for ICC values to be deemed acceptable was 
rather lenient, because there were a limited 
number of data points, which might have 
influenced the overall agreement. In addition 
observers were not trained, nor piloted the 
observation protocol in advance. Second, 
we performed factor analyses using principal 
axis factoring and oblique rotation to explore 
the underling dimensions of atmosphere 
on Stratumseind. Kaiser’s criterion (i.e., 
eigenvalues > 1) was used to determine the 
number of factors to extract.

3 Results
3.1� Inter-Rater�Reliability�
To establish the extent to which pairs of 
observers agreed on how well atmosphere 
adjectives fitted the perceived atmosphere 
on Stratumseind at a given moment in time, 
we calculated ICCs for each atmosphere 
term (see Table 2). Following the guidelines 
by Cicchetti (1994), four items (Informal, 
Warm, Aggressive, Stuffy) showed poor 
inter-rater agreement (< .40); twelve items 

(Relaxed, Welcoming, Exciting, Friendly, 
Festive, Fearful, Social, Comfortable, Nicely 
crowded, Tiresome, Oppressive and Restless) 
showed fair inter-rater agreement (between 
.40 and .59); and another twelve items 
(Pleasant, Lively, Accessible, Open, Irritating, 
Stimulating, Cheerful, Happy, Crowded, 
Stinking, Tense and Drunk) showed good 
inter-rater agreement (between .60 and 
.74); the two last items (Attractive and Good) 
scored excellent (between .75 and 1.00) on 
inter rater agreement. The results suggest 
that, except for the four terms with poor inter 
rater agreement, each pair of observers rated 
the atmosphere in a rather similar manner. 
This allowed us to average each pair of 
evaluations with fair or better agreement and 
pursue the analyses. Items with unacceptable 
levels of agreement were excluded from 
further analyses.

3.2� Validity
3.2.1 Factor analysis 
First, we present the correlation table of all 
the 26 items that had acceptable ICC values ( 
> .40) (excluding, aggressive, informal, stuffy 
and warm). All terms correlated with at least 
one other term higher than .30. Yet, the items 
oppressive and stimulating showed only a few 
- and low - correlations. Next, to investigate 
the relationships between questionnaire 
items and find the latent variables that may 
help us explain the underlying dimensions of 
atmosphere, we conducted an exploratory 
factor analysis.

Accessible .64 Exciting .55 Lively .65 Stinking .61

Aggressive* .38 Fearful .57 Nicely Crowded .57 Stuffy* .35

Attractive .76 Festive .59 Open .64 Tense .61

Cheerful .62 Friendly .59 Oppressive .51 Tiresome .49

Comfortable .49 Good .75 Pleasant .64 Warm* -.17

Crowded .68 Happy .65 Relaxed .47 Welcoming .53

Drunk .63 Informal* -.00 Restless .51

Irritating .61 Social .58 Stimulating .61

*items with unacceptable ICC values (i.e., smaller than .40)

Table 2: ICC values for Atmosphere Perception Questionnaire terms
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With none of the terms having communalities 
lower than .30 and three factors having an 
eigenvalue higher or equal to 1, the initial 
analysis suggested the existence of three 
underlying factors. However, after inspection 
of the correlations between items, we decided 
to run the analyses once again excluding the 
terms oppressive and stimulating, which, 
as mentioned above, had very few and low 
correlation with other terms (see Table 4). 
This time, the analyses suggested two factors, 
but the terms crowded, nicely crowded and 
relaxed were loading more or less equally 
on both factors and stinky and tiresome had 
a rather low communalities of .35 and .44 
respectively. We therefore ran the analysis 
again, excluding these four terms. This resulted 
in two factors with the initial eigenvalues 
(i.e., before rotation) explaining 67.8% and 
23.8% of variance respectively, together 
explaining 91.6% of total variance. Factor 
loadings are presented in Table 3. Based on 
these loadings, the two factors were labeled: 
pleasant liveliness and tenseness. Pleasant 
liveliness seems to describe positive activity 
levels (festive, exciting, lively, cheerful), 
whereas tenseness is mainly defined by the 
terms irritating, tense, restless.
Subsequently, we calculated the pleasant 
liveliness and tenseness scores for each of 
the 80 instances, using the regression scoring 
method in Stata. The two new variables 
did not correlate significantly (Pearson’s 
correlation coefficient was equal to -.21 with 
p = .06). Although we cannot make robust 
conclusions about atmosphere dynamics, 
mainly due to the small data sample (80 
atmosphere evaluations across 6 weekend 
nights), we still expected to see some variation 
in the expected directions (e.g., see some 
differences between weekdays or locations).
Subsequently, we calculated the pleasant 
liveliness and tenseness scores for each of 
the 80 instances, using the regression scoring 
method in Stata. The two new variables 
did not correlate significantly (Pearson’s 
correlation coefficient was equal to -.21 with 
p = .06). Although we cannot make robust 

Pleasant liveliness Tenseness 

pleasant .75 -
welcoming .81 -
exciting .88 .35
lively .87 .36
accessible .77 -
social .81 -
cheerful .85 -
comfortable .66 -.42
happy .84 -
good .78 -
attractive .83 -
drunk - .74
open .78 -
friendly .77 -
festive .88 .31
fearful - .74
irritating - .83
tense - .82
restless - .82
NOTE: Coefficients lower than .30 are left blank

Table 4: Factor loading matrix after oblique rotation on 
the Liveliness and Tenseness factors

conclusions about atmosphere dynamics, 
mainly due to the small data sample (80 
atmosphere evaluations across 6 weekend 
nights), we still expected to see some variation 
in the expected directions (e.g., see some 
differences between weekdays or locations). 
3.2.2 Dynamics in the liveliness and 
tenseness of the atmosphere on Stratumseind
To explore the sensitivity of the novel 
atmosphere questionnaire – CAAQ, we 
checked whether we could observe differences 
in pleasant liveliness and tenseness across 
weekend nights, Stratumseind locations, and 
night hours (see also Chapters 2 and 3). 
To determine whether weekend days differed 
in CAAQ pleasant liveliness, we ran a one 
way ANOVA. The results indicated that at 
least one pair of weekend days differed in 
liveliness to a statistically significant extent 
with F(2,77) = 12.92, p < .01, and η2 = .25 
(see Figure 1A). Tukey post-hoc comparisons 
revealed that Saturdays (M = 0.56, SE = 0.15) 
were significantly more lively than Thursdays 
(M = -0.49, SE = 0.19, p < .01), and Fridays 
(M = -0.38, SE = 0.18, p < .01). Fridays and 
Thursdays did not significantly differ in 
liveliness, with p = .91. 
To determine whether weekend days differed 
in CAAQ tenseness, we ran an ANOVA 
with weekend day as the independent and 
tenseness as the dependent variable. This 
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ANOVA did not render significant effects for 
tenseness – F(2, 77) = 2.80, p = .07, and η2 = 
.07 (see Figure 1B). However, the means were 
distributed across the days in the expected 
directions, with the lowest tenseness on 
Thursdays (M = -0.29, SE = 0.21), then slightly 
higher tenseness on Fridays (M= -0.15, SE = 
0.19) and highest on Saturdays (M = 0.28, SE 
= 0.16). 
To determine whether CAAQ pleasant 
liveliness differed across Stratumseind 
locations, we ran an ANOVA with Street 
location as the independent and pleasant 
liveliness as the dependent variable. The 
results indicated that at least one pair of street 
locations differed in liveliness significantly, 
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F(2,77) = 3.55, p < .05, and η2 = .08 (see Figure 
1A). Tukey post-hoc comparisons revealed 
that the Long end (M = 0.39, SE = 0.18) was 
significantly more lively than the Short end 
of the street (M = -0.23, SE = 0.19, p = .05). 
Square and Long end and Square and Short 
end did not significantly differ with p = .07.
We did not find any statistically significant 
differences in CAAQ tenseness levels across 
different locations of Stratumseind with F(2, 
77) = 0.38, p = .68, and η2 = .01 (see Figure 
1B). Means of tenseness were distributed 
across the locations as follows: Long end (M = 
0.00, SE = 0.21), Square  (M = -0.11, SE = 0.19) 
and Short end of the street (M = 0.12, SE = 
0.17).

Figure 1A: Mean 
CAAQ pleasant 
liveliness and CAAQ 
tenseness with SE 
error bars across 
weekend nights

Figure 1B: Mean 
CAAQ pleasant 
liveliness and CAAQ 
tenseness with SE 
error bars across 
street locations
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Last, we explored how CAAQ pleasant 
liveliness and CAAQ tenseness changed across 
the night for each weekend day separately. 
Due to the low number of data points per 
hour, we did not perform statistical tests to 
compare if means differed across the night. 
However, we did explore them graphically 
in Figure 2. Here we present the graphs of 
means with error bars representing 95% 
confidence intervals for pleasant liveliness 
and tenseness. Both pleasant liveliness and 
tenseness change in the expected directions. 
On Saturday one clearly sees that pleasant 
liveliness tends to decrease as closing hour 
approaches. Tenseness, on the other hand, 
gradually increased throughout the nights, 
reaching its highest peak after midnight, just 
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Figure 2: Mean CAAQ 
liveliness (above) 
and CAAQ tenseness 
(below) across the 
night hours for each 
of the weekend nights

before closing of the bars. From our previous 
studies we know that the crowd becomes 
more intoxicated, tired and irritable towards 
the end of the night, thus these results seem 
to confirm this pattern.

4 Discussion
In the present study, we aimed to develop an 
instrument to measure the crowd atmosphere 
on Stratumseind through atmosphere 
appraisals. The crowd atmosphere appraisal 
questionnaire – CAAQ – was tested in a 
field study, in which observations of the 
atmosphere of Stratumseind were made 
independently by two observers at various 
locations and occasions on Stratumseind. 
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Twenty-six out of 30 terms had acceptable 
inter-rater agreement, indicating that these 
aspects of atmosphere were rated similarly by 
the two independent observers. Exploratory 
factor analyses of the data revealed two 
factors, each describing different, and largely 
independent dimensions of atmosphere 
on Stratumseind: pleasant liveliness and 
tenseness. Further analyses of these 
factors revealed that these two dimensions 
were sufficiently sensitive to capture the 
differences in atmosphere that, on the basis 
of the research presented in Chapters 2 and 3, 
we expected to observe across weekdays and 
across Stratumseind locations. Moreover, the 
pleasant liveliness and tenseness measures 
showed promising variations across the 
night hours for each of the weekend nights, 
providing first evidence for the applicability of 
the instrument for observing the dynamics in 
atmosphere.
In Chapter 2, we argued that atmosphere 
consists of crowd affect and cognitions as 
reflected in the crowd’s positive and negative 
affect, arousal levels and expectations; crowd 
behaviors as reflected in the interactions 
among individuals in the crowd as well as 
toward the environment; and the state of 
the physical environment as reflected, for 
example, in dirtiness of the street or the 
salience of police presence. In contrast to our 
efforts in Chapter 3, which aimed to measure 
these components directly in objective counts 
of events and features, efforts in the current 
chapter were geared toward developing a 
questionnaire for observers that included 
items based on more holistic, evaluative and 
experiential appraisals of the atmosphere. 
In spite of this very different measurement 
strategy, the findings confirmed that 
atmosphere is indeed something that is 
sensed consistently across independent 
observers, and suggested that pleasant 
liveliness and tenseness are two dimensions 
along which changes in atmosphere are 
sensed. We are, however, hesitant to 
generalize this consistency to regular patrons, 
at this point, as observers were instructed to 

focus on certain aspects of the socio-physical 
environment. We are tempted to expect 
links between the atmosphere components 
that were recognized in the explorative field 
study, and atmosphere dimensions identified 
in the present one (e.g., items stimulating, 
festive, cheerful may represent aspects of 
the affective cognitive component, friendly, 
social of the behavioral component, etc.), 
yet no firm conclusions can be drawn, as 
these components were not measured in the 
present study. Thus, this proposes directions 
for future work – to capture atmosphere 
through both, atmosphere appraisals and 
atmosphere components, and to investigate 
the possible relationships between these 
measures, to better understand the concept 
of atmosphere.
In the present chapter we also intended 
to explore the CAAQ’s ability to capture 
atmosphere dynamics (e.g., variations 
between different days, street locations or 
night hours). Although, due to the relatively 
small number of data points, we should 
take care not to draw too firm conclusions, 
the atmosphere appraisal questionnaire 
appeared sensitive to the dynamics on 
Stratumseind, and appeared to develop in 
the expected directions both over time and 
across the locations. As we mentioned in the 
introduction, certain aspects of the physical 
context (e.g., architectural properties such 
as street layout) of Stratumseind stay more 
or less constant, however, the social context 
and aspects of the physical environment that 
are influenced by the presence of people 
(e.g., crowding, litter, etc.) change over  time. 
Although we were not able to experimentally 
induce or change atmosphere through 
manipulations of the socio-physical context, 
we were able to establish that the atmosphere 
appraisal questionnaire captured expected, 
meaningful fluctuations in atmosphere as 
they naturally occur on Stratumseind, with 
the coming and going of youth, and the 
activities they perform in the context of this 
nightlife setting.
To conclude, we are optimistic about the 
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atmosphere appraisal questionnaire based 
on the observed consistency between 
independent observers, the face validity 
of the two dimensions that emerged, and 
the promising sensitivity to the dynamics in 
atmosphere we observed earlier. In Chapter 
2, we were able to identify atmosphere by 
involving all the parties known to us that 
together shape Stratumseind – patrons, but 
also police officers, bar staff, security and us 
- researchers. In the past two field studies 
(including the present study) we decided 
to first attempt to quantify atmosphere 
(based on findings of Chapter 2) by using 
trained observers, however to really prove 
our point that atmosphere is ‘real’ and 
‘tangible’ we will need to take further 
steps and involve other parties that play 
a prominent role on Stratumseind (e.g., 
police officers). All in all, our results suggest 
that the developed atmosphere appraisal 
questionnaire is a promising tool to use to 
measure the atmosphere in urban nightlife 
setting. Therefore, in the next chapter we 
will employ this tool alongside the measures 
of the atmosphere components to better 
understand how atmosphere is constructed 
and how it evolves over time. 





Chapter 5:
Atmosphere dynamics on Stratumseind: 

investigating changes in atmosphere using 
measures of atmosphere components and the 
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1 Introduction
In the previous chapters we approached 
the measurement of atmosphere from 
two very different perspectives. After 
identifying, in Chapter 2, that atmosphere is 
composed of affective, cognitive, behavioral 
and environmental components, we made 
a first attempt, in Chapter 3, to capture 
atmosphere through the quantification 
of these components. Here we learned 
that the affective/cognitive component of 
atmosphere was difficult (if not impossible) 
to measure directly (using self-reports 
and indirect measures of aggression). 
However, through structured observations 
we were able to successfully capture the 
environmental component, yet concluded 
that further improvements to our observation 
tool were needed in order to better capture 
the behavioral component. In Chapter 4, 
we introduced a novel method of capturing 
dynamic changes in the atmosphere 
through the measurement of atmosphere 
appraisals. The  Crowd Atmosphere Appraisal 
Questionnaire (CAAQ) presents a more 
holistic and experiential measure of the 
crowd atmosphere. We were able to achieve 
acceptable to excellent inter-rater agreement 
between the judges and identified two 
relevant atmosphere dimensions: pleasant 
liveliness and tenseness. 
To further expand our understanding of 
atmosphere, and the measurement thereof, 
we need to compare the observational 
atmosphere components against the CAAQ 
in one and the same study. In the study 
reported in the present chapter, both of 
these methods were employed to measure 
atmosphere. We were, thus, able to identify 
the pros and cons of each method and to 
better understand the ways in which they 
grasp not only the dynamic nature, but also 
the essence of the atmosphere in an urban 
nightlife setting. Furthermore, by aligning 
these two methods in one study and exploring 
the correlations between atmosphere 
components and atmosphere appraisals, 
we made our first attempt in understanding 

how these two measures may relate to each 
other. In addition, we employed a lighting 
manipulation to investigate whether positive 
changes in atmosphere could be induced by 
means of alternating the conventional street 
lighting.

1.1� Light�and�atmosphere
Effects of light on human wellbeing and 
behavior have been acknowledged and 
studied across various disciplines. Besides 
being crucial to human vision, light has been 
shown to influence our physiological (e.g., 
Stephenson, Schroder, Bertschy & Bourgin, 
2012; LeGates, Fernandez & Hatter, 2014) 
and psychological wellbeing (e.g., Bauer, 
Kurtz, Rubin & Marcus, 1994; Leppamaki, 
Partonen, Lonnqvist, 2001; Kuller, Ballal, 
Laike, Mikellides & Tonello, 2006; Knez, 2001; 
Smolders, de Kort & Cluitmans, 2012), to 
affect behavior (Barli, Aktan, Bilgili & Dane, 
2011; Baron, Rea & Daniels, 1992) and to 
influence perception of the environment 
(e.g., Park & Farr, 2007; Turley & Milliman, 
2000; Rijswijk & Haans, 2017). In a field 
relevant to us – atmospherics – light has 
been manipulated as a contextual factor to 
investigate consumer behavior, including 
interest in certain products (e.g., Summers 
& Herbert, 2001), and (healthy/unhealthy) 
food choices (e.g., Biswas, Szocs, Chacko & 
Wansink, 2017). But, most importantly, in the 
field of atmospherics, light has been shown 
to be one of the major factors influencing 
the perception of room atmosphere (e.g., 
Custers, de Kort, IJsselsteijn & de Kruiff, 2010; 
Kuijsters, Redi, de Ruyter & Heynderickx, 2011; 
Stokkermans, Vogels, de Kort & Heynderickx, 
2017, 2018; Vogels, 2008; Liu, Luo & Li, 2015). 
In sum, research suggests that lighting is a 
powerful environmental cue that may not 
only affect our vision and wellbeing, but also 
influence how we perceive the environment 
around us and how we behave in it.
In the present study, we employed a lighting 
manipulation that we anticipated may 
positively influence the crowd atmosphere 
of a bar street. Of all the research studying 
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different characteristics of light, works 
focusing on the effects of correlated color 
temperature are especially relevant for us. 
These studies show that lower correlated 
color temperatures have positive effects 
on affect and cognitions (e.g., Knez & Kers, 
2000; Baron & Rea, 1991) and interpersonal 
behaviors (e.g., Baron, Rea & Daniels, 
1992) and are associated with relaxation 
(e.g., Manav, 2007). Thus, we hypothesized 
that it may also influence various aspects 
of the atmosphere on Stratumseind (e.g., 
interactions between crowd members, crowd 
behaviors towards environment, crowd’s 
affect, etc.). To conclude, the main goal of 
the lighting manipulation in the present study 
was to explore whether and how different 
lighting conditions may affect changes in 
crowd atmosphere. 

1.2� Research�aims�
In this chapter we performed a large-scale field 
study, combining atmosphere measurement 
tools designed in previous chapters. We 
employed, both the more holistic and 
experiential CAAQ and structured observation 
schemes aimed to capture behavioral and 
environmental components. We aimed to 
refine these measures, check their reliability 
and explore the atmosphere dynamics 
on Stratumseind. We, again, expected to 
see differences between weekend nights, 
Stratumseind locations, and night hours as 
described in Chapter 2. We also explored 
the relationships between the CAAQ and 
the observational indicators of atmosphere 
components. It is important to mention 
that we decided to disregard the affective/
cognitive component of atmosphere, as we 
faced too many methodological challenges 
to directly assess the affect and cognitions of 
large crowds (e.g., problems with sample size, 
respondent selection bias, and intoxication 
of respondents; see also Chapter 3). Last, 
we aimed to investigate the effects of a 
light intervention on the CAAQ dimensions 
and observational indicators of atmosphere 
components. This leads us to the following 

research questions:
1. (How) can we capture the dynamics 
of crowd atmosphere in an urban nightlife 
setting?
2. How do observational indicators 
of atmosphere components relate to 
appraisal-based CAAQ indicators of the 
atmosphere of urban nightlife? 
3. Can we induce positive changes 
in atmosphere by introducing a light 
scenario designed to positively influence 
affect and pro-social behavior?

2 Methods
2.1� Design
We conducted a field experiment with a 
crossover design employing two different light 
scenarios (regular street lighting vs. warm 
reddish street lighting) with atmosphere 
appraisals and atmosphere components, 
measured at different weekend nights, times, 
and locations, as dependent variables. The 
day, time, and location variables were used 
as factors to explore the sensitivity of our 
atmosphere measurements, as differences 
on these variables are expected on the basis 
of the qualitative observations presented in 
Chapter 2. These variables were also included 
in the model when testing the effects of the 
lighting manipulation (i.e., in order to verify 
that any observed effects appear above and 
beyond effects of day, time and location). The 
experiment was conducted during a total of 
29 weekend nights (from Thursday evening 
to Sunday early morning, over a period of 10 
weeks) between the 26th of January and the 
8th of April, 2017. Due to technical problems, 
the data from one Saturday night in the 10th 
week were missing. Data collection was not 
scheduled on nights during which a special 
occasion or event was scheduled (e.g., a 
public holiday, such as Carnival, or important 
soccer game). Each of the evenings, the 
experiment started at 22:00, and lasted to 
2:00 in the morning on Fridays and to 4:00 
in the morning the next day on Saturday and 
Sunday nights (i.e., the times at which the bars 
close). The light manipulation (regular street 
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lighting vs. warm reddish street lighting) was 
counterbalanced across days using a rotating 
schedule. This ensured that each of the 
different weekend days had an equal number 
of exposures to the dynamic scenario and to 
the regular lighting. Structured observations 
and the CAAQ were used to collect 
atmosphere-related evaluations.

2.2� Stimuli�&�Setting
2.2.1 Setting
The field experiment was conducted at 
Stratumseind in Eindhoven, The Netherlands. 
Stratumseind consists of three parts, each 
varying in characteristics: Long end, Square, 
and Short end (see Chapter 3, section 2.3.1 for 
a detailed description). Each hour, data were 
collected in three locations: Two locations on 
the long end of the street, and one on the 
short end (Chapter 3, Figure 1). We decided 
to collect data at two locations on the Long 
End because the length of that part covers 
almost two thirds of the whole Stratumseind. 
In the present study, the Square was excluded 
from the data collection procedure, because 
during a pilot weekend we learned that at 
most times this square was underpopulated – 

there were never enough people to represent 
the crowd, resulting in no atmosphere to be 
quantified. 

2.2.2 Lighting scenario
For a description of the lighting installation 
we refer to Chapter 3, section 2.3.2.
The same iterative method, as described in 
Chapter 3 (section 2.3.3), was used to design 
the experimental scenario. In the present 
study we manipulated the CCT of the street 
lighting on Stratumseind. A warm reddish 
static lighting scenario was tested against 
regular street lighting (see description Chapter 
3, section 2.3.3). Due to the complex set up 
of the lighting system and the Stratumseind 
environment, which contains a lot of 
external light sources, it was very difficult to 
precisely manipulate lighting conditions. 
Therefore, we took the average RGB values 
corresponding to 3000K, as proposed by 
the Philips design team, as a starting point, 
and then manually adjusted them in situ 
to achieve the wanted warm effect on the 
street level. The CCT measured at one pole 
was approximately 1270K; the horizontal 
illuminance was measured at approximately 

Figure 1: Spectral distributions of regular street lighting and experimental scenario
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23.7 lux. The CCT of regular street lighting was 
approximately 1865K, the illuminance was 
30.9 lux. The spectral distributions of both 
the experimental and standard street lighting 
are presented in Figure 1. On the intervention 
days, the experimental lighting would turn on 
instead of the regular street lighting; it would 
stay on until closing hour, when all luminaires 
would be switched on in full capacity. All 
street lighting on Stratumseind (regular and 
experimental) throughout the study period 
were turned on 30min before sunset.

2.3� Measures�
We measured atmosphere in two different 
ways: by quantifying the behavioral and 
environmental atmosphere components 
through structured observations and by the 
CAAQ. 

2.3.1 Observations: Atmosphere 
components
Atmosphere components were measured 
with an adjusted version of the observation 
scheme introduced in Chapter 3. One part of 
the observation scheme consisted of items 
tapping into the environmental component, a 
second part consisted of a revised (clustered) 
behavior checklist – tapping into the 
behavioral component. These are described 
in detail below. 
Data were collected by two observers at all 

times throughout the data collection period. 
Throughout the study period, a total of 
four different observers were employed. To 
evaluate the reliability of the observation 
scheme, for all observations agreement 
between the two observers was assessed for 
each item by means of intra-class correlation 
coefficients (ICCs). 

Behavioral	component
A behavioral checklist with dichotomous YES/
NO response format was used to record the 
presence of positive and negative interactions 
between the crowd members (e.g., being 
annoying or arguing) and between crowd 
members and their physical surroundings 
(e.g., throwing or kicking objects). The original 
list used in Chapter 3 was slightly adjusted. 
First, two items (fighting and slapping) were 
merged into one. Second, the items negative 
touch and illegal were excluded from the list 
based on the feedback from observers after 
the study presented in Chapter 3, and the 
pilot weekend of the present study (i.e., these 
behaviors were mentioned to be hard to 
observe or interpret). Last, three items – being 
loud, running and shouting – were added 
to the list, also based on the suggestions 
of our trained observers (they noticed that 
during the time of the study these behaviors 
were often observed, but missing on the 
list). In Chapter 3 we argued that possibly 

Arguing Being rude Flirting Kissing Shouting

Being angry at the world 
in general

Bullying someone Helping someone Patting someone friendly Smiling

Being annoying Chatting Hugging Provoking Threatening someone

Being friendly Dancing Jumping with happiness Pushing Throwing

Being loud
Fighting/slapping 
someone

Kicking Running Troubling

Behavioral Component 

Table 1: List of items tapping into the behavioral component used in the present study
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the presentation of the behavioral checklist 
– one long list of all 25 items presented on 
one scrolling page – might be the reason for 
low inter-rater agreement. To improve the 
presentation of the items and to make sure 
each observer went through all 25 items, the 
checklist was clustered into 5 sections, each 
containing 5 items and an option ‘none of 
the behaviors were observed’, and clearly 
separated with white space in between the 
scrolling page (see Table 1 for the complete 
revised list of items).

Environmental	component	
The items describing the environmental 
component aimed to capture the most 
prominent physical attributes of the 
environment that change over time and 
reflect the presence of human behavior (e.g., 
crowdedness of the street, broken glass, 
garbage). The items describing the social 
environment mainly captured demographics 
of the crowd and intoxication levels (e.g., 
male/female ratio, drunkenness). Items that 
in Chapter 3 showed unacceptable inter-rater 
agreement were excluded from the present 
list (e.g., ethnicity of the crowd, presence 
of big groups). Some items belonging to the 
environmental component were dichotomous 
(e.g., presence of the police), the others 
were rated on five–point scales (e.g., from 
‘not crowded at all’ to ‘very crowded’). The 
complete revised list of items is presented in 
Table 2.

2.3.2 Observations: Crowd atmosphere 
appraisal questionnaire (CAAQ)

In the present study, 18 terms were taken 
or derived from the adjective list presented 
in Chapter 4. We did not use the full list of 
30 adjectives for several reasons. First, the 
questionnaire had to be shortened due 
to time constraints. Second, some items 
showed low inter-rater agreement in the 
previous study (e.g., informal, warm) and 
were excluded from the present study. Third, 
during the pilot weekend, some items were 
unclear or found to be redundant according 
to the feedback from observers. These items 
were either adjusted or dropped. Fourth, 
during our evaluation of the pilot weekend, 
all observers agreed that one item seemed 
to be missing in the list of adjectives. Thus, 
the term boring was added to the list. Fifth, 
the term appealing was used as an alternative 
for the term attractive, and the term inviting 
was used instead of the term open. This was 
done, because it was agreed that appealing 
and inviting better described atmosphere as 
it is defined in our study (an attribute of the 
socio-physical and not only physical context). 
Each term was presented in a question 
‘how well do the items below describe the 
atmosphere where you are at?’ Each term 
was then rated on five-point scales ranging 

Busyness of the terraces Absence of the police Male/Female ratio

Lines at the bar entrances or ATM One police couple Noise

General busyness of the street Two or more police couples Amount of glass on the street

Drunkenness Police horses Amount of litter on the street

Presence of the security Police car

Environmental Component

Table 2:List of items tapping into the environmental component used in the present study

Aggressive Festive Pleasant

Appealing Happy Relaxed

Boring Inviting Stimulating

Cheerful Irritating Tense

Exciting Lively Tiring

Fearful Oppressive Welcoming

Table 3: List of atmosphere appraisal questionnaire items 
used in the present study
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from not at all to extremely well. The full item 
list is presented in Table 3. 

2.4� Procedure
The data were collected by the main 
researcher and three research assistants. 
All three assistants had a three-hour 
introduction and training session before the 
fieldwork. This session included sensitization 
with the context, explanation of procedures, 
presentation of tools used to collect data, 
an introduction and explanation of each 
question and item in the observation scheme 
and questionnaire. Next, before the official 
study began, each of the assistants had a 
one-night training during the pilot weekend. 
One of the research assistants previously was 
employed in the study presented in Chapter 
3 and thus was somewhat familiar with the 
context and goals of the current thesis. Each 
night of the study, the main researcher and 
one of the three assistants collected data, 
simultaneously but independently, according 
to the study protocol. Only during the pilot 
weekend, did they discuss the environmental 
conditions and atmosphere appraisal terms 
while collecting data, to make sure that 
each item was clear for both parties and to 
attempt to achieve consistent inter-rater 
agreement between observers in the actual 
data collection period. 
At the beginning of every evening, the two 
observers went to the first observation 
location (always on the long end of the street; 
see Figure 2, Chapter 3), and after observing 
the environment for 5-10 minutes, completed, 
independently of each other, the survey items 
on the tablet (both observation schemes 
evaluating behavioral and environmental 
components and the atmosphere appraisal 
questionnaire). After completing the 
questionnaire, the observers moved to the 
next location on Stratumseind. After data 
had been collected at all three locations on 
Stratumseind, the two observers returned 
to the long end of the street and repeated 
the procedure until the end of the data 
collection period for that night. This resulted 

in 24 to 32 completed questionnaires per 
observer per night. In total, the observation 
list assessing atmosphere components was 
filled out 880 times and the CAAQ was filled 
out 860 times; each time consisting of two 
independent sets of ratings. In 20 instances 
during data collection there were no people 
in the observation area and, consequently, 
the CAAQ could not be completed. 

3 Results
3.1� Inter-Rater�reliability�
To test the inter-rater reliability between the 
two observers for the behavioral component, 
the environmental component, and the 
CAAQ, we calculated ICCs for each item of 
each atmosphere measure.

3.1.1 Atmosphere components
Observations:	Behavioral	component
ICC scores (Table 4) showed that 10 items – 
arguing, being annoying, being loud, fighting/
slapping someone, kissing, patting someone 
friendly, provoking, pushing, running and 
shouting – had an intra-class correlation 
coefficient indicating fair inter-rater 
agreement, with .40 ≤ ICC ≤ .59 (Cicchetti, 
1994). The remaining 15 items displayed 
poor inter-rater agreement, with ICC ≤ .39. 
Unfortunately, as in the previous study 
(Chapter 3) we did not manage to achieve 
higher than fair inter-rater agreement for 
items describing the behavioral component. 
Possible reasons for this will be discussed in 
the discussion section. 
For each of the 10 items with fair ICCs scores, 
and for all 880 observations, we combined 
the evaluations of the two observers into a 
single aggregate score per item to be used in 
further analyses. As all behavioral checklist 
items were dichotomous, when aggregating 
the two scores, a score of one or zero was 
given when both observers respectively 
indicated to have seen or not seen a certain 
behavior. In case of disagreement (i.e., one 
observer have score 1 and another one 0) a 
value of one was assigned to the aggregated 
score. This was done based on our experience 
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in the context. The Stratumseind environment 
is very dynamic and the behaviors on the list 
might happen in a matter of seconds, thus 
while one of the observers may have missed 
a certain behavior because he or she was 
answering the questions or looking in the 
opposite direction, the second observer one 

Table 4: Inter-rater agreement for items tapping into the behavioral atmosphere component

Item ICC Item ICC Item ICC Item ICC Item ICC

Arguing .59* Being rude .08 Flirting .15 Kissing .51* Shouting .42*

Being angry at the 
world in general

.05 Bullying someone .22 Helping someone .21
Patting someone 
friendly

.40* Smiling -.13

Being annoying .51* Chatting -.03 Hugging .32 Provoking .41*
Threatening 
someone

.23

Being friendly .07 Dancing .10
Jumping with 
happiness

.30 Pushing .48* Throwing -.01

Being loud .57*
Fighting/slapping  
someone

.57* Kicking .34 Running .59* Troubling .29

*items with acceptable ICC values (i.e., equal to or larger than .40)

may have noticed it and vice versa.

Observations:	Environmental	component	
All items representing the environmental 
component had good to excellent inter-rater 
agreement, except for Male/Female ratio, 
with poor, and Amount of glass on the street, 

Item ICC Item ICC Item ICC

Busyness of the terraces
.72*

Absence of the police
.91**

Male/Female ratio
.19

Lines at the bar entrances or ATM
.76**

One police couple
.85**

Noise
.78**

General busyness of the street
.73*

Two or more police couples
.80**

Amount of glass on the street
.55

Drunkenness
.89**

Police horses
.94**

Amount of litter on the street
.73*

Presence of the security
.82**

Police car
.90**

**ICC scores with excellent inter-rater agreement (ICC > .74)

*ICC scores with good inter-rater agreement (.60 < ICC < .75)

Table 5: Inter-rater agreement for items tapping into the environmental atmosphere component

Term ICC Term ICC Term ICC

Aggressive .79** Festive .76*** Pleasant .61**

Appealing .69** Happy .57* Relaxed .66**

Boring .88*** Inviting .68** Stimulating .79***

Cheerful .77*** Irritating .81*** Tense .73**

Exciting .73** Lively .82*** Tiring .84***

Fearful .78*** Oppressive .79*** Welcoming .66**
*ICC scores with fair inter-rater agreement (.39<ICC<.60)

***ICC scores with excellent inter-rater agreement (ICC > .74)

**ICC scores with good inter-rater agreement (.60<ICC<.75)

Table 6: Inter-rater agreement for atmosphere appraisal questionnaire terms
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with fair inter-rater agreement (Cicchetti, 
1994; see Table 5). For all items, except for 
Male/Female ratio, we averaged the ratings 
of the two observes into a single score for 
each of the 880 observations, to be used in 
further analyses. 

3.1.2 CAAQ 
Following the guidelines by Cicchetti (1994) 
all terms (Table 6), except for happy (with fair 
inter-rater agreement), had good to excellent 
inter-rater agreement. For all terms, including 
happy, we averaged the ratings of the two 
observes into a single score for each of the 
860 atmosphere observations.

3.2� Atmosphere�dimensions
In this section we present the analyses done 
on atmosphere components and atmosphere 
appraisal data to explore the underlying 
dimensions of each measure.

3.2.1 Atmosphere components
Observations:	Behavioral	component
To investigate whether factor analyses were 
possible for the items of the behavioral 
component, we investigated whether the 
behavioral items with acceptable ICCs 
showed sufficient variation. As in the previous 
study, for these dichotomous variables we 
assumed sufficient variation if behavior was 
observed in the interval between 20% to 
80 % of the time. Six out of ten items fell 
outside this interval, e.g., the item being loud 
was observed 87.5% of the time, whereas 
the items arguing and fighting//slapping 
someone were observed only 9.2% and 
1.4% of the time respectively. Therefore, we 
were left with only four items meeting the 
requirements for factors analyses (acceptable 
ICC and sufficient variation): being annoying, 
running, shouting and patting.
These four items exhibited very low 
correlations and only two items – shouting 
and being annoying – had Spearman’s 
correlation coefficient higher than rho > .30 
(see Table 7). Therefore we decided that no 
factor structure could be extracted and our 

exploration of the behavioral component as 
an indicator of atmosphere, stopped here.

Observations:	Environmental	component
The male/female ratio variable was not 
included in the exploratory factor analysis as 
it had a poor inter-rater agreement score. Of 
the remaining items, all, except for lines at the 
bar entrances or ATM, correlated with at least 
one other term with Spearman correlation 
coefficients of rho > .30 (see Table 8). 
Therefore, all but the lines at the bar entrances 
or ATM were included in further analyses. To 
explore the underlying dimensions of the 
environmental atmosphere component, we 
applied the principal component factoring 
method on the polychoric correlation matrix 
(Olsson, 1979). A polychoric correlation 
matrix was used as the data consisted of a 
combination of dichotmous (e.g., presence of 
the police), categorical, and ordinal variables 
(e.g., noise, crowdedness). Oblique rotation 
(i.e., direct Oblimin) was applied to simplify 
the component loading matrix, while allowing 
for any naturally occurring correlations 
between the extracted dimensions.
The Kaiser-Meyer-Olkin measure (KMO) of 
sampling adequacy produced an overall 
score of .89, suggesting good sampling 
adequacy, with individual item scores ranging 
from .88 to .91. After a first factor analysis, 
Kaiser’s criterion suggested one factor, which, 
after rotation, by itself explained 60.64% 
of variance. After examining carefully the 
residual correlation matrix, which revealed 
that 69% of the residuals were above .05, 
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*  significant correlations at the .01 level

Table 7: Spearman’s correlation coefficients amongst 
items tapping into the behavioral component
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we decided to investigate a model with two 
factors instead of one. Thus, in the second 
factor analysis we modeled a two-factor 
solution, which after rotation explained 
90.93% of total variance, with factors 
explaining 58.74% and 32.19% respectively 
after rotation. Moreover, the two extracted 
factors seemed to make sense conceptually. 
Factor loadings are presented in Table 9. Based 
on these loadings, the first factor was labeled 
OB Bustle (as the most salient items in this 
factor indicated crowdedness of the terraces 
and the street, higher noise levels) and the 
second factor was labeled OB Surveillance (as 
the most salient items in this factor indicated 
presence of the police and security). For 
each of these two dimensions, factor scores 
were calculated using the regression method. 
The two new variables – OB Bustle and OB 
Surveillance – correlated significantly with 
Pearson’s correlation coefficient equal to .53 
(p < .01).

3.2.2 Atmosphere appraisal questionnaire
All items of the atmosphere appraisal 
questionnaire were found to correlate with at 
least one other item with Spearman correlation 
coefficients of rho > .30 (see Table 10). To 
further investigate the relationship between 
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Busyness of the terraces 1.00

Lines at the bar entrances or ATM .25* 1.00

General busyness of the street .74* .25* 1.00

Drunkenness .59* .23* .56* 1.00

Presence of the security .34* .28* .32* .39* 1.00

Police .25* .10* .29* .33* .23* 1.00

Precipitation .13* .10* .16* .02 .02 .04 1.00

Noise .77* .27* .75* .67* .34* .28* .13 1.00

Amount of glass on the street .41* .15* .40* .47* .16* .17* -.06 .40* 1.00

Amount of litter on the street .54* .26* .50* .72* .32* .30* -.01 .61* .53* 1.00
*  significant correlations at the .01 level

Table 8: Spearman’s correlation coefficients amongst items tapping into the environmental component

Item OB bustle OB surveillance

Busyness of the terraces .89 -

General busyness of the street .86 -

Drunkenness .69 -

Presence of the security - .65

Presence of the police - .91

Noise .89 -

Amount of glass on the street .85 -

Amount of litter on the street .75 -
NOTE: Coefficients lower than .30 are left blank

Table 9: Factor loadings environmental component

the questionnaire items and find possible 
underlying dimensions of atmosphere, we 
conducted an exploratory factor analysis 
using principal component factoring. Oblique 
rotation (i.e., direct Oblimin) was applied 
to simplify the component loading matrix, 
while allowing for any naturally occurring 
correlations between extracted factors.
The Kaiser-Meyer-Olkin measure of sampling 
adequacy produced an overall score of 0.93, 
which indicates excellent sampling adequacy. 
The individual scores ranged from 0.86-
0.96. Subsequently, all items were included 
in a first factor analysis. Kaiser’s criterion 
suggested the existence of three factors, 
resulting in communalities, for all items, of h2 
≥ 0.57. However, the items happy, irritating 
and oppressive had cross-loadings on two or 
all three factors. Thus we re-ran the analysis 
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without these items. Again, Kaiser’s criterion 
suggested the existence of three factors. After 
oblique rotation, factors explained 36.61%, 
29.89% and 16.70% of variance respectively, 
together accounting for 83.20% of the total 
variance. Factor loadings are presented in 
Table 11. Based on these loadings, the three 
new variables were labeled: CAAQ liveliness (as 
the most salient items were lively, stimulating 
and festive), CAAQ pleasantness (as the most 
salient items were pleasant, welcoming) and 
CAAQ tenseness (as the most salient items 
were tense, fearful and aggressive). For each 
of these three dimensions, factor scores 
were calculated using the regression method. 
The new variables correlated significantly 
with each other. CAAQ liveliness and CAAQ 
pleasantness correlated with Spearman’s 
rho= .22 and p < .01, CAAQ liveliness and 
CAAQ tenseness with rho = .23, and p < .01 
and CAAQ tenseness and CAAQ pleasantness 
with rho = .19 and p < .01. 

Term CAAQ�liveliness CAAQ�pleasantness CAAQ�tenseness

stimulating .91 - -

relaxed -.49 .77 -

appealing - .79 -

cheerful .88 - -

inviting .36 .73 -

exciting .89 - -

pleasant - .82 -

welcoming - .84 -

lively .91 - -

festive .89 - -

tiring - -.75 -

tense - - .75

fearful - - .84

aggressive - - .73

boring -.82 -
NOTE: Coefficients lower than .30 are left blank

Table 11: Factor loadings atmosphere appraisal dimensions

3.3� Relationships�between�atmosphere�
indicators
We explored the correlations between CAAQ 
indicators and factors of the environmental 
atmosphere component by calculating 
Spearman’s rhos (see Table 12). In general, 
most variables correlated significantly with 
other variables, however the majority of 
these correlations were rather small. We 
saw a moderate correlation between factors 
of the environmental component – OB 
bustle and OB surveillance – suggesting a 
positive relationship between surveillance 
and the presence of people on the street. 
The correlations between the CAAQ 
atmosphere dimensions were all rather 
low. Finally, the correlation between two 
variables representing different measures of 
atmosphere – OB bustle and CAAQ liveliness 
– exhibited a strong correlation (rho ≥ .74), 
suggesting a positive relationship between 
higher crowd activity levels and presence of 
people on Stratumseind.
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OB bustle 1.00

OB surveillance .56** 1.00

CAAQ liveliness .74** .34** 1.00

CAAQ pleasantness -.23** -.31** .22** 1.00

CAAQ tenseness .16** .07* .23** .19** 1.00
**  significant correlations at the .01 level

*  significant correlations at the .05 level

Environmental component Atmosphere appraisal
Table 12: Spearman’s correlation coefficients between all atmosphere variables derived in present study

3.4� Atmosphere�dynamics�
In Chapter 2 and to some extent in Chapter 3 
and Chapter 4 we observed that atmosphere 
is a dynamic phenomenon, changing over the 
course of the night, across weekend nights 
and across locations. Therefore, the tools 
intended to capture atmosphere should also 
be sensitive enough to grasp these expected 
atmosphere dynamics. For example, in Figure 
3, we illustrate how atmosphere varies 
over the course of the night on one typical 
Saturday night (18-03-2017 – 19-03-2017), 
by plotting three atmosphere variables 
captured by different atmosphere measures: 
OB bustle, OB surveillance, CAAQ liveliness, 
CAAQ pleasantness and CAAQ tenseness. In 
the graph we see that as the night progresses 
OB bustle and OB surveillance gradually 
increase. In contrast, CAAQ indicators show a 
gradual increase in CAAQ liveliness until 1:00 
AM with a slight drop in the last two hours 
of the night. CAAQ tenseness stays low up 
until the last two hours of the night, when we 
observe an increase in CAAQ tenseness. CAAQ 
pleasantness, on the other hand, exhibits a 
sharp drop in the last two hours of the night. 
In following sections we present exploration 
of atmosphere dynamics for each atmosphere 
measure across different weekend days, 
Stratumseind locations and across the hours 
of each of the weekend night individually. 
As before, we expected to see variation 
across different weekend nights, across 

nighttime, and across different locations 
on Stratumseind. We first explored 
the distributions of each atmosphere 
variable. Concerning the indicators of the 
environmental atmosphere component, only 
the OB bustle factor was found to satisfy the 
normality assumption required for a one-way 
ANOVA, with Shapiro-Wilk’s statistics of .98 
and p < .01. The OB surveillance did not satisfy 
the normality assumption with Shapiro-Wilk’s 
statistics of .96 and p < .01. Two atmosphere 
appraisal dimensions – CAAQ pleasantness 
and CAAQ tenseness – also violated normality 
assumptions necessary for a one-way ANOVA, 
with Shapiro-Wilk’s statistics of .96 and less, 
and p < .01, but CAAQ liveliness met them, 
with Shapiro-Wilk’s statistics of .99 and p < 
.01. In addition, CAAQ tenseness was highly 
skewed with most of the values falling on 
the lower extreme of the distribution (most 
of the instances measured were rated as not 
tense, see Figure 3). The original variable, 
thus, was transformed into a dichotomous 
variable, by choosing a score of -0.27 as the 
cutoff point. This point was determined from 
an exploration of the histogram (see Figure 3). 
This way, 75% of data (with tenseness values 
smaller or equal to -0.27) were coded as less 
tense (N=646; representing typical tenseness 
levels) and 25% as more tense (N=234).
Kruskal-Wallis H tests were used to explore 
the dynamics of the OB surveillance and 
the CAAQ pleasantness variables; one-way 
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ANOVAs were used to explore the dynamics 
in the OB bustle and CAAQ liveliness 
dimension; a chi-square test was used to 
explore the dynamics of the dichotomized 
CAAQ tenseness variable. 

3.4.1 Dynamics across weekdays
Environmental	component
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on	Saturday,	18st	of	March,	2017

CAAQ	liveliness CAAQ	pleasantness CAAQ	tenseness

Figure 2: Atmosphere dynamics across night hours of a representative night on Stratumseind

The results of the one-way ANOVA indicated 
that at least one pair of weekend nights 
differed significantly on OB bustle, with 
F(2,877) = 77.16, p < .01, and η2 = 0.15 ( 
see Figure 4 for means). Tukey post-hoc 
comparisons revealed that OB bustle levels 
on Saturdays (M = 2.84, SE = 0.03) were 
significantly higher than on Thursdays (M = 
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2.20, SE = 0.04), p < .01, and on Fridays (M 
= 2.61, SE = 0.03), p < .01. Also on Fridays OB 
bustle levels were significantly higher than on 
Thursdays, p < .01. The Kruskal-Wallis H test 
showed that there was a significant difference 
in the OB surveillance between at least two 
weekend nights with χ2(2) = 44.02, p < .01 
(see Figure 4 for medians). Post-hoc analyses 
using Dunn’s test showed that the OB 
surveillance was significantly more prevalent 
on Fridays than on Thursdays (p < .01), and 
also significantly more prevalent on Saturdays 
than on Thursdays (p < .01). However, the 
difference between Fridays and Saturdays 
was not found to be statistically significant (p 
= .99). 
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Figure 3: CAAQ tenseness histogram with cutoff point at 75% indicated with red bar

CAAQ tenseness Thursday Friday Saturday Total

not tense 184 238 224 646

tense 58 82 94 234

Total 242 320 318 880

Table 13: CAAQ tenseness distribution across weekdays

CAAQ
The results of a one-way ANOVA indicated 
that at least one pair of weekend nights 
differed statistically on CAAQ liveliness, with 
F(2,857) = 48.06, p<.01, η2 = 0.10 (see Figure 
4 for means). Tukey post-hoc comparisons 
revealed that Saturdays (M = 0.37, SE = 0.05) 
were significantly more lively than Thursdays 
(M = -0.43, SE = 0.06), p < .01, and Fridays 
(M = -0.06, SE = 0.05), p < .01. Fridays were 
significantly more lively than Thursdays, p < 
.01. The Kruskal-Wallis H test showed that 
the medians of CAAQ pleasantness differed 
significantly between at least two weekend 
nights (see Figure 4 for medians), with χ2(2) 
= 9.60, p < .01. Dunn’s test showed that 
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CAAQ pleasantness was significantly higher 
on Thursdays than on Fridays (p < .01). The 
difference in CAAQ pleasantness between 
Thursday and Saturdays was found to be only 
marginally significant (p = .05). No statistically 
significant difference was found between 
Saturdays and Fridays (p = .46). 
The distribution of tense and not tense 
atmospheres across the three days are 
reported in Table 13 (see Figure 4 for 
proportion of tense instances). The Pearson’s 
chi-square test indicated no significant 
differences between weekend nights, with 
χ2(2) = 2.44, and p = .30. 

3.4.2 Dynamics across locations
Environmental	component
The results of a one-way ANOVA indicated that 
at least one pair of weekend nights differed 
in OB bustle to a statistically significant 
extent with F(2,877) = 55.90, p < .01, η2 = 
.11 (see Figure 5 for means). Tukey post-hoc 
comparisons revealed that on the Long end 
I OB bustle levels (M = 2.88, SE = 0.04) were 
significantly higher than on both the Long end 
II (M = 2.44, SE = 0.04) and on the Short end 
(M = 2.42, SE = 0.04), with p < .01. The Long 
end II and the Short end were not found to 
differ significantly on OB bustle levels, with 
p = .96. The Kruskal-Wallis H test showed 
that there were no significant differences in 
the OB surveillance across street locations, 
with χ2(2) = 3.78, p = .15 (see Figure 5 for 
medians). 

CAAQ
The results of a one-way ANOVA indicated 
that at least one pair of street locations 
statistically differed in CAAQ liveliness levels, 
F(2,857) = 54.11, p < .01, η2 = .11 (see Figure 
5 for means). Tukey post-hoc comparisons 

revealed that the Long end I (M=0.46,SE=0.05) 
was significantly more lively than both Long 
end II (M = -0.21, SE = 0.06) and Short end 
(M = -0.28, SE = 0.06), with p < .01. Long 
end II and the Short end were not found to 
differ significantly, with p = .69. Kruskal-Wallis 
H test showed that the medians of CAAQ 
pleasantness differed significantly between 
at least two street locations (see Figure 5 for 
medians), with χ2(2) = 25.71, p < .01. Dunn’s 
test showed that CAAQ pleasantness was 
significantly higher on the Long end I and Long 
end II as compared to the Short end, with p < 
.01. The two Long ends, in contrast, were not 
found to differ in CAAQ pleasantness, with p 
= .05.
The distribution of tense and not tense 
atmospheres across locations is presented 
in Table 14 (see Figure 5 for the proportions 
of tense instances). The Pearson’s chi-square 
test indicated no significant differences 
between street locations, χ2(2) = 4.53, p = 
.10.

Table 13: CAAQ tenseness distribution across weekdays

CAAQ tenseness Long end I Long end II Short end Total

not tense 209 229 208 646

tense 91 67 76 234

Total 300 296 284 880
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Figure 4: Means of OB bustle with SE error bars and medians of OB surveillance (above), and
means of CAAQ liveliness with SE error bars, medians of CAAQ pleasantness, and proportion of tense instances of CAAQ 
tenseness (below)
across weekend nights
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across street locations



5

142

3.4.3 Dynamics across the time of the 
night 
Environmental	component
For Thursdays, the results of a one-way 
ANOVA indicated significant changes in OB 
bustle levels throughout the night hours, 
with F(3, 238) = 35.27, p < .01, η2 = 0.31 (see 
Figure 6 for means). The results of Tukey post-
hoc analyses are presented in Table 15. In 
general, they indicated a significant increase 
in OB bustle levels between the beginning of 
the night and 00:00-00:59. A Kruskal-Wallis 
H test showed that OB surveillance changed 
significantly during Thursday nights as well, 
with χ2(3) = 108.46, and p < .01 (see Figure 6 
for medians). Post-hoc analyses using Dunn’s 
tests (Table 15) show that OB surveillance 

appears, in general, to increase towards the 
end of the night. 
For Fridays, the results of a one-way ANOVA 
indicated significant changes in OB bustle 
levels throughout the night hours, F(5, 314) 
= 44.39, p < .01, η2 = 0.41 (see Figure 6 
for means). The results of Tukey post-hoc 
analyses are presented in Table 16. Overall, 
they indicate a significant increase in OB 
bustle levels between the beginning of the 
night and 01:00-01:59. A Kruskal-Wallis H 
test showed that OB surveillance changed 
significantly during Friday nights as well, with 
χ2(5) = 155.98, and p < .01 (see Figure 6 for 
medians). Post-hoc analyses using Dunn’s 
tests (Table 16) show that the OB surveillance 
increased gradually and significantly towards 

Contrast SE t p z p

23:00-23:59 vs 22:00-22:59 0.32 0.07 4.30 .00 -4.79 .00

00:00-00:59 vs 22:00-22:59 0.65 0.08 7.76 .00 -8.18 .00

01:00-01:59 vs 22:00-22:59 0.75 0.08 9.25 .00 -4.12 .00

00:00-00:59 vs 23:00-23:59 0.33 0.08 4.13 .00 -9.26 .00

01:00-01:59 vs 23:00-23:59 0.43 0.08 5.59 .00 -5.13 .00

01:00-01:59 vs 00:00-00:59 0.10 0.09 1.19 .63 -0.80 .99

OB surveillance OB bustleThursday night

Contrast SE t p z p

23:00-23:59 vs 22:00-22:59 0.19 0.08 2.37 .17 -5.76 .00

00:00-00:59 vs 22:00-22:59 0.62 0.09 6.78 .00 -7.63 .00

01:00-01:59 vs 22:00-22:59 0.89 0.08 10.64 .00 -2.68 .05

02:00-02:59 vs 22:00-22:59 0.96 0.09 10.31 .00 -9.12 .00

03:00-03:59 vs 22:00-22:59 0.91 0.10 9.14 .00 -3.89 .00

00:00-00:59 vs 23:00-23:59 0.42 0.08 5.12 .00 -0.80 .99

01:00-01:59 vs 23:00-23:59 0.69 0.07 9.34 .00 -10.30 .00

02:00-02:59 vs 23:00-23:59 0.77 0.09 9.02 .00 -5.74 .00

03:00-03:59 vs 23:00-23:59 0.72 0.09 7.79 .00 -2.86 .03

01:00-01:59 vs 00:00-00:59 0.27 0.08 3.23 .02 -2.33 .14

02:00-02:59 vs 00:00-00:59 0.35 0.09 3.70 .00 -9.67 .00

03:00-03:59 vs 00:00-00:59 0.30 0.10 2.96 .04 -5.35 .00

02:00-02:59 vs 01:00-01:59 0.08 0.09 0.89 .95 -2.71 .05

03:00-03:59 vs 01:00-01:59 0.03 0.09 0.28 .99 -2.20 .22

03:00-03:59 vs 02:00-02:59 -0.05 0.10 -0.50 .99 -0.03 .99

Friday night OB bustle OB surveillance 

Table 15 Results of Tukey’s and Dunn’s post hoc analyses investigating the dynamics of the environmental component 
variables across Thursday night hours

Table 16: Results of Tukey’s and Dunn’s post hoc analyses investigating the dynamics of the environmental component 
variables across Friday night hours
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the end of the night.
Finally for Saturdays, the results of a one-way 
ANOVA indicated significant changes in OB 
bustle levels throughout the night hours, F(5, 
312) = 161.60, p < .01, η2 = 0.72 (see Figure 
7 for means). The results of Tukey post-hoc 
analyses are presented in Table 17. Overall 
they indicate a significant increase in OB bustle 
levels between the beginning of the night and 
02:00-02:59. A Kruskal-Wallis H test showed 
that OB surveillance changed significantly 
during Saturday nights as well, with χ2(5) = 
155.98, p < .01 (see Figure 7 for medians). 
Post-hoc analyses using Dunn’s tests (Table 
17) again show that the OB surveillance 
increased gradually and significantly towards 
the end of the night.

CAAQ
For Thursday nights, the results of a one-
way ANOVA indicated significant changes in 
CAAQ liveliness throughout the night hours, 
with F(3, 223) = 5.61, p < .01, η2 = 0.07 (see 
Figure 6 for means). The results of Tukey 
post-hoc analyses are presented in Table 18. 
Overall they indicated a significant increase 
in CAAQ liveliness between the beginning of 
the night and 00:00-00:59. A Kruskal-Wallis H 

Table 17: Results of Tukey’s and Dunn’s post hoc analyses investigating the dynamics of the environmental component 
variables across Saturday night hours

Contrast SE t p z p

23:00-23:59 vs 22:00-22:59 0.34 0.07 5.09 .00 -5.00 .00

00:00-00:59 vs 22:00-22:59 0.79 0.08 10.14 .00 -7.04 .00

01:00-01:59 vs 22:00-22:59 1.28 0.07 19.56 .00 -2.88 .03

02:00-02:59 vs 22:00-22:59 1.53 0.08 19.22 .00 -8.97 .00

03:00-03:59 vs 22:00-22:59 1.47 0.07 21.27 .00 -4.08 .00

00:00-00:59 vs 23:00-23:59 0.45 0.08 5.99 .00 -0.50 .99

01:00-01:59 vs 23:00-23:59 0.94 0.06 15.05 .00 -9.07 .00

02:00-02:59 vs 23:00-23:59 1.19 0.08 15.41 .00 -5.04 .00

03:00-03:59 vs 23:00-23:59 1.13 0.07 17.03 .00 -1.95 .38

01:00-01:59 vs 00:00-00:59 0.49 0.08 6.53 .00 -1.74 .61

02:00-02:59 vs 00:00-00:59 0.74 0.09 8.41 .00 -1.17 .00

03:00-03:59 vs 00:00-00:59 0.68 0.08 8.68 .00 -7.21 .00

02:00-02:59 vs 01:00-01:59 0.25 0.08 3.21 .02 -3.34 .01

03:00-03:59 vs 01:00-01:59 0.19 0.07 2.86 .05 -3.41 .01

03:00-03:59 vs 02:00-02:59 -0.06 0.08 -0.73 .98 -1.13 .99

Saturday night OB bustle OB surveillance 

test showed that pleasantness also changed 
significantly during Thursday nights, with 
χ2(3) = 46.36,  and p < .01 (see Figure 6 for 
medians). Post-hoc analyses using Dunn’s 
tests (Table 18) show a significant decrease 
in CAAQ pleasantness levels at the end of 
the night compared to the first hours of the 
evening. 
The distribution of tense and not tense 
atmospheres across Thursday night hours 
is presented in Table 19 (see Figure 6 for 
proportion of tense instances). The Pearson’s 
chi-square test indicated no significant 
differences in the relative frequency of tense 
versus non-tense instances across Thursday 
night hours, with χ2(3) = 4.35, p = .23. 
For Friday nights, a one-way ANOVA indicated 
significant changes in CAAQ liveliness 
throughout the night hours, with F(5, 310) 
= 20.75, p < .01, η2 = 0.25 (see Figure 7 
for means). The results of Tukey post-hoc 
analyses are presented in Table 20. Overall 
they indicate a significant increase in CAAQ 
liveliness between the beginning of the 
night and 01:00-01:59, and then a significant 
drop in CAAQ liveliness after 02:00 o’clock. 
Kruskal-Wallis H test also showed that CAAQ 
pleasantness changed significantly during 
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Friday nights, with χ2(5) = 135.05,  and p 
< .01 (see Figure 7 for medians). Post-hoc 
analyses using Dunn’s tests (Table 20) show 
a significant decrease in CAAQ pleasantness 
levels towards the end of the night.
The contingency table of CAAQ tenseness 
across Friday night hours is presented in 
Table 21 (see Figure 7 for proportion of tense 
instances). The Pearson’s chi-square test 
indicated no significant differences in the 
relative frequency of tense versus non-tense 
instances across Friday night hours, with χ2(5) 
= 2.93, and p = .71. 

Last, for Saturday nights, a one-way ANOVA 
indicated significant changes in CAAQ 
liveliness throughout the night, with F(5, 
310) = 20.75, p < .01, η2 = 0.25 (see Figure 
8 for means). The results of Tukey post-hoc 
analyses are presented in Table 22. Overall, 
they indicate a significant increase in CAAQ 
liveliness between the beginning of the night 
and 01:00-01:59, and then a significant drop in 
CAAQ liveliness after 02:00 o’clock. A Kruskal-
Wallis H test showed that CAAQ pleasantness 
also changed significantly during the course 
of a Saturday nights, with χ2(5) = 120.63,          

Contrast SE t p z p

23:00-23:59 vs 22:00-22:59 0.28 0.16 1.75 .30 0.91 .99

00:00-00:59 vs 22:00-22:59 0.72 0.18 4.08 .00 2.05 .12

01:00-01:59 vs 22:00-22:59 0.33 0.17 1.94 .21 1.32 .57

00:00-00:59 vs 23:00-23:59 0.45 0.17 2.68 .04 6.21 .00

01:00-01:59 vs 23:00-23:59 0.06 0.16 0.36 .98 5.74 .00

01:00-01:59 vs 00:00-00:59 -0.39 0.18 -2.17 .14 3.91 .00

CAAQ pleasantnessThursday night CAAQ liveliness

Table 18: Results of Tukey’s and Dunn’s post hoc analyses investigating the dynamics of CAAQ liveliness and CAAQ 
pleasantness across Thursday night hours

Table 19: CAAQ tenseness distribution across Thursday night hours

CAAQ tenseness 22:00-22:59 23:00-23:59 00:00-00:59 01:00-01:59 Total
not tense 43 58 39 44 184

tense 20 20 9 9 58
Total 63 78 48 53 242

Table 20: Results of Tukey’s and Dunn’s post hoc analyses investigating the dynamics of CAAQ liveliness and CAAQ 
pleasantness across Friday night hours

Contrast SE t p z p

23:00-23:59 vs 22:00-22:59 0.49 0.15 3.34 .01 -1.38 .99

00:00-00:59 vs 22:00-22:59 1.01 0.16 6.26 .00 0.46 .99

01:00-01:59 vs 22:00-22:59 1.12 0.15 7.55 .00 1.87 .46

02:00-02:59 vs 22:00-22:59 0.64 0.17 3.90 .02 1.63 .78

03:00-03:59 vs 22:00-22:59 -0.16 0.18 -0.91 .94 3.36 .01

00:00-00:59 vs 23:00-23:59 0.53 0.15 3.59 .01 1.12 .99

01:00-01:59 vs 23:00-23:59 0.63 0.13 4.81 .00 5.62 .00

02:00-02:59 vs 23:00-23:59 0.16 0.15 1.06 .90 7.50 .00

03:00-03:59 vs 23:00-23:59 -0.65 0.16 -3.97 .00 5.15 .00

01:00-01:59 vs 00:00-00:59 0.11 0.15 0.71 .98 4.50 .00

02:00-02:59 vs 00:00-00:59 -0.37 0.17 -2.21 .24 7.92 .00

03:00-03:59 vs 00:00-00:59 -1.17 0.18 -6.61 .00 9.82 .00

02:00-02:59 vs 01:00-01:59 -0.47 0.15 -3.09 .03 7.47 .00

03:00-03:59 vs 01:00-01:59 -1.28 0.16 -7.74 .00 7.01 .00

03:00-03:59 vs 02:00-02:59 -0.80 0.18 -4.46 .00 2.59 .07

Friday night CAAQ liveliness CAAQ pleasantness
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Table 21: CAAQ tenseness distribution across Friday night hours

CAAQ tenseness 22:00-22:59 23:00-23:59 00:00-00:59 01:00-01:59 02:00-02:59 03:00-03:59 Total

not tense 37 60 35 52 28 26 238

tense 12 16 13 18 15 8 82

Total 49 76 48 70 43 34 320

Table 22: Results of Tukey’s and Dunn’s post hoc analyses investigating the dynamics of CAAQ liveliness and CAAQ 
pleasantness across Saturday  night hours

Contrast SE t p z p

23:00-23:59 vs 22:00-22:59 0.71 0.13 5.42 .00 -1.51 .99

00:00-00:59 vs 22:00-22:59 1.40 0.15 9.14 .00 -0.38 .99

01:00-01:59 vs 22:00-22:59 2.10 0.13 16.34 .00 0.94 .99

02:00-02:59 vs 22:00-22:59 1.81 0.16 11.61 .00 0.13 .99

03:00-03:59 vs 22:00-22:59 0.95 0.14 6.97 .00 1.74 .70

00:00-00:59 vs 23:00-23:59 0.69 0.15 4.67 .00 0.51 .99

01:00-01:59 vs 23:00-23:59 1.40 0.12 11.38 .00 3.14 .01

02:00-02:59 vs 23:00-23:59 1.10 0.15 7.31 .00 4.55 .00

03:00-03:59 vs 23:00-23:59 0.24 0.13 1.84 .44 3.20 .01

01:00-01:59 vs 00:00-00:59 0.70 0.15 4.80 .00 3.16 .01

02:00-02:59 vs 00:00-00:59 0.41 0.17 2.40 .16 7.82 .00

03:00-03:59 vs 00:00-00:59 -0.45 0.15 -2.97 .04 9.68 .00

02:00-02:59 vs 01:00-01:59 -0.29 0.15 -1.96 .37 7.32 .00

03:00-03:59 vs 01:00-01:59 -1.16 0.13 -9.03 .00 8.14 .00

03:00-03:59 vs 02:00-02:59 -0.86 0.16 -5.56 .00 3.67 .00

Saturday night CAAQ liveliness CAAQ pleasantness

Table 23: CAAQ tenseness distribution across Saturday night hours
CAAQ tenseness 22:00-22:59 23:00-23:59 00:00-00:59 01:00-01:59 02:00-02:59 03:00-03:59 Total

not tense 46 57 33 47 18 23 224
tense 10 9 3 23 16 33 94
Total 56 66 36 70 34 56 318

p

23:00-23:59 vs 22:00-22:59 .62

00:00-00:59 vs 22:00-22:59 .24

01:00-01:59 vs 22:00-22:59 .07

02:00-02:59 vs 22:00-22:59 .00

03:00-03:59 vs 22:00-22:59 .00

00:00-00:59 vs 23:00-23:59 .53

01:00-01:59 vs 23:00-23:59 .01

02:00-02:59 vs 23:00-23:59 .00

03:00-03:59 vs 23:00-23:59 .00

01:00-01:59 vs 00:00-00:59 .01

02:00-02:59 vs 00:00-00:59 .00

03:00-03:59 vs 00:00-00:59 .00

02:00-02:59 vs 01:00-01:59 .20

03:00-03:59 vs 01:00-01:59 .00

03:00-03:59 vs 02:00-02:59 .29

Fisher’s exact test

Table 24: Results of post hoc analyses using Fisher’s exact 
text of dynamics of CAAQ tenseness across Saturday 
night hours

p < .01 (see Figure 8 for medians). Post-hoc 
analyses using Dunn’s tests (Table 22) show 
a significant decrease in CAAQ pleasantness 
levels towards the end of the night.
A contingency table of CAAQ tenseness 
across Saturday night hours is presented 
in Table 23 (see Figure 8 for proportion of 
tense instances). This time, the Pearson’s chi-
square test indicated significant differences 
in the relative frequency of tense versus non-
tense instances across Saturday night hours, 
with χ2(5) = 48.07, p < .01. Post-hoc analyses 
using Fisher’s exact tests indicated that the 
first three hours of the night had significantly 
lower frequency of tense instances as 
compared to the last 3 hours of the night 
(p < 0.05) (see Table 24 for extensive results). 
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Figure 4: Means of OB bustle with SE error bars and medians of OB surveillance (above), and
means of CAAQ liveliness with SE error bars, medians of CAAQ pleasantness, and proportion of tense instances of CAAQ 
tenseness (below)
across weekend nights
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Figure 5: Means of OB bustle with SE error bars and medians of OB surveillance (above), and
means of CAAQ liveliness with SE error bars, medians of CAAQ pleasantness, and proportion of tense instances of CAAQ 
tenseness (below)
across street locations



5

148

0.00

0.50

1.00

1.50

2.00

2.50

3.00

22:00‐22:59 23:00‐23:59 00:00‐00:59 01:00‐01:59

OB bustle

OB surveillance

0.32 0.26 0.19 0.17

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

22:00‐22:59 23:00‐23:59 00:00‐00:59 01:00‐01:59

CAAQ
liveliness

CAAQ
pleasantness

CAAQ
tenseness

Figure 6: Means of OB bustle with SE error bars and medians of OB surveillance (above), and
means of CAAQ liveliness with SE error bars, medians of CAAQ pleasantness, and proportion of tense instances of CAAQ 
tenseness (below)
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Figure 7: Means of OB bustle with SE error bars and medians of OB surveillance (above), and
means of CAAQ liveliness with SE error bars, medians of CAAQ pleasantness, and proportion of tense instances of CAAQ 
tenseness (below)
across Friday night hours
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Figure 8: Means of OB bustle with SE error bars and medians of OB surveillance (above), and
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across Saturday night hours
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3.5� Atmosphere�and�light
In this section, we present our analyses of the 
possible influences of the light manipulation 
on atmosphere (i.e., on the behavioral and 
environmental components of atmosphere 
as well as on the atmosphere appraisals). 
The effects of light are explored on each of 
the atmosphere measures separately. For 
each atmosphere variable, we test the effect 
of the light manipulation using t-tests or the 
non-parametric Kruskal-Wallis H test. In cases 
where the effect of lighting manipulation was 
found to be statistically significant, additional 
regression analyses were conducted 
controlling for other variables, such as 
weekday, location and time of the night.

3.5.1 Atmosphere components
Environmental	component
First, we checked whether there were 
any significant differences in atmosphere 
variables – OB bustle and OB surveillance – 
between the two lighting conditions. The 
independent samples t-test showed that OB 
bustle levels were significantly higher during 
the experimental lighting condition (M=2.64, 
SE=0.03) than the control lighting (M = 2.52, 
SE = 0.03), with t(878) = -2.87, p = .01, and d = 
-.19 (see Figure 9). 
Second, we conducted a multiple linear 
regression, using heterogeneity corrected 
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standard errors (HC3; Hayes & Cai, 2007), 
to predict OB bustle based on scenario, 
weekday, location, and time of the night. 
Except for heteroscedasticity, none of the 
other assumptions (e.g., normality of the 
residuals of the dependent variable) required 
for regression analysis were violated. The 
model predicted a statistically significant 
part of the variance, with F(6,873 ) = 309.80, 
p < .00, R2 = .68. All independent variables 
significantly predicted OB bustle (see Table 
25 for regression coefficients). In this model, 
location and time of the night had the biggest 
effects on OB bustle, but the effect of lighting 
scenario remained statistically significant.
Third, we added the interaction effects 

OB bustle B SE t p β

constant 1.78 0.04 47.49 0.00 -

warm scenario 0.13 0.03 5.04 0.00 0.10

Friday 0.17 0.03 5.08 0.00 0.12

Saturday 0.35 0.03 10.74 0.00 0.26

Long end II -0.46 0.03 -14.92 0.00 -0.33

Short end -0.49 0.03 -15.89 0.00 -0.35

Time of the nigh* 0.28 0.01 33.77 0.00 0.67
*hours from 22:00 till close time

Table 20: Results of Tukey’s and Dunn’s post hoc analyses investigating the dynamics of CAAQ liveliness and CAAQ 
pleasantness across Friday night hours

Figure 9: Means of OB bustle with SE error bars on the 
nights with regular street lighting and on the nights with 
warm experimental scenario
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between control variables (weekend day, 
location and time of the night) and lighting 
scenario into the regression model, however 
no significant interaction effects were found.  
A Kruskal-Wallis H test showed that the 
medians of OB surveillance did not differ 
significantly between two scenario conditions, 
with χ2(1) = 0.67, p = .41. Thus, the analyses 
of the effects of light on this variable stopped 
here.

3.5.2 Atmosphere appraisals
For the CAAQ liveliness dimension of the 
atmosphere appraisal, we first conducted an 
independent samples t-test to determine the 
effect of our lighting manipulation. Although 
CAAQ liveliness levels were higher during the 

Figure 10: Means of CAAQ liveliness with SE error bars 
on the nights with regular street lighting and on the 
nights with warm experimental scenario

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

Regular street lighting Warm experimental scenario

mean	CAAQ liveliness

experimental lighting condition (M = 0.06, 
SE = 0.04) than during the control lighting 
(M= -0.07, SE = 0.05), this difference only 
bordered on significance, with t(858) = -1.97, 
p = .05, and d = -.13 (see Figure 10). 
Nevertheless, we conducted a multiple 
linear regression, using heterogeneity 
corrected standard errors (HC3), to predict 
CAAQ liveliness based on scenario, weekday, 
location, and time of the night. Except 
for heteroscedasticity, none of the other 
assumptions (e.g., normality of the residuals 
of dependent variable) required for regression 
analysis were violated. The regression model 
predicted a statistically significant part of the 
variance on CAAQ liveliness, with F(6, 853 
) = 55.86, p < .00, and R2 = .28. (see Table 
26 for regression coefficients). In this model, 
weekday and location had the biggest effects 
on CAAQ liveliness, but the effect of the 
lighting manipulation remained marginally 
significant with p = .05.
Finally, we included all interactions between 
lighting manipulation and the other predictors 
into the model, however, no significant 
interaction effects were found. 
With respect to the CAAQ pleasantness 
dimension of atmosphere appraisal, a Kruskal-
Wallis H test showed that the medians did 
not differ significantly between two scenario 
conditions. with χ2(1) = 0.00, and p = .93. 

CAAQ liveliness B SE t p β

constant -0.42 0.09 -4.80 0.00 -

warm scenario 0.12 0.06 2.01 0.05 0.06

Friday 0.26 0.08 3.38 0.00 0.12

Saturday 0.66 0.08 8.69 0.00 0.32

Long end II -0.69 0.07 -9.80 0.00 -0.32

Short end -0.79 0.07 -11.03 0.00 -0.37

Time of the night* 0.16 0.02 8.44 0.00 0.25
*hours from 22:00 till close time

Table 26: Regression coefficients predicting liveliness
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Thus the analyses of the effects of light on 
CAAQ pleasantness stopped here.
With respect to the CAAQ tenseness 
dimension of atmosphere appraisal, we used a 
chi-square test to compare relative frequency 
of tense versus non-tense situations between 
the two lighting conditions. No statistically 
significant effect of lighting was found on 
these frequencies, with χ2(1) = 0.10, and p 
= .73 (see contingency Table 27). Thus the 
analyses of the effects of light on tenseness 
were not pursued further. 

4 Discussion
In the present chapter we further explored 
ways to quantitatively capture atmosphere 
dynamics in our urban nightlife setting. We 
employed two essentially different methods 
to quantify atmosphere on Stratumseind: one 
method captured atmosphere components 
in a descriptive manner, whilst the second 
– the atmosphere appraisal questionnaire 
– measured dynamic changes in crowd 
atmosphere in a more experiential fashion 
based on observers’ evaluation of the 
atmosphere. Our main goal was to investigate 
how well these different methods quantify 
(dynamic changes in) the atmosphere in an 
urban nightlife setting and whether and how 
they relate to each other. Our secondary 
goal was to explore whether changes in the 
atmosphere could be induced by means of a 
street lighting manipulation. In this section 
we will discuss the results of our study in the 
light of our research goals. 

4.1� Quality�of�methods�
To assess the reliability of our tools, at 
all times two observers were evaluating 
the atmosphere. The inter-rater reliability 
measures demonstrated that the tools to 
capture the environmental component of 

CAAQ tenseness Scenario OFF Scenario ON Total
not tense 309 337 646

tense 109 125 234
Total 418 462 880

Table 27: CAAQ Tenseness distribution across lighting conditions – regular street lighting and experimental scenario

atmosphere and atmosphere appraisals were 
reliable. However, the agreement rates for the 
items tapping into the behavioral atmosphere 
component were fair at best, as was found in 
Chapter 3. This indicates that redesign of the 
layout of the questionnaire into clusters did 
not improve it sufficiently. One of the reasons 
for low agreement could be the dichotomous 
nature of the response scale used to measure 
the presence or absence of behaviors in the 
crowd. We did so, because in previous studies 
we observed that these interactions and 
behaviors are mainly short-lived. However, 
at the same time, because of high dynamics 
in the crowd’s behaviors, resulting in variable 
and unpredictable frequency, choosing for 
the dichotomous response scale might have 
not been the best decision. For example, 
interactions and behaviors such as somebody 
is being rude or friendly, or pushing someone 
usually happens in a matter of seconds. Thus, 
while one observer sees these behaviors, 
the other might miss it, which in turn may 
result in low agreement. Additionally, it is also 
possible that some behaviors were difficult to 
interpret, e.g., being annoying, being angry 
at the world in general as there were no 
particular examples in the questionnaire of 
what behaviors in the crowd would actually 
represent these items. Furthermore, only 
four out of 10 items with acceptable ICCs 
showed sufficient variation. Factor analyses 
with only these four items representing the 
behavioral component seemed senseless. 
In the future, the change of dichotomous 
response scales to more general ratings 
of behaviors, where various aspects of 
interactions could be rated on Likert scales 
(e.g., mild vs. severe aggression, or valence 
of the interaction; Graham, Bernards, Osgood 
& Wells, 2006), might potentially improve 
this tool. However, at the moment, based on 
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the results of the present study we had to 
conclude that this tool could not meaningfully 
and reliably capture the behavioral aspects of 
atmosphere. 
The data reduction of the environmental 
component items resulted in two factors. The 
most prominent items in each factor were very 
similar to those found in the previous study 
(Chapter 3) and, thus, the same labels were 
given to the dimensions of the environmental 
component – bustle and surveillance. These 
two factors also exhibited the expected 
variation. We observed how our tool was able 
to capture dynamics in bustle and surveillance 
over time (i.e., hours of the night), across 
different days, and across locations of the 
street. This, once more, indicates that the 
tool designed to capture the environmental 
atmosphere component on Stratumseind 
through structured observations is both 
reliable and sensitive. 
Last, an exploratory factor analysis of 
atmosphere data collected with CAAQ 
revealed three factors describing different 
and largely independent dimensions of the 
atmosphere on Stratumseind: liveliness, 
pleasantness and tenseness. Liveliness and 
tenseness were also found in Chapter 4, 
but pleasantness had not emerged there as 
a separate factor. In Chapter 4, we ran an 
exploratory factor analysis on a limited sample 
size (only 80 observations were made), 
whereas this time, the sample size increased 
more than 10 times (we had more than 800 
observations). This, besides increasing the 
robustness of the analysis, may also help 
explain the emergence of three instead of 
two atmosphere dimensions. Next, what is 
also important to note is that tenseness had 
a highly skewed distribution, suggesting the 
possible dichotomous nature of this variable. 
In other words, with the original tenseness 
dimension, many instances were measured to 
be low in tenseness and relatively few were 
high in tenseness. With respect to atmosphere 
dynamics, liveliness and pleasantness 
dimensions showed expected and often 
significant variation across weekdays, 

locations and time of the night for each of 
the different weekend nights. Tenseness also 
showed variation in the expected direction 
(e.g., on average more tense situations on 
Saturdays than on Thursdays), however most 
of these differences were not significant. A 
significant increase in tense instances was 
only observed on Saturday nights. Overall, the 
atmosphere appraisal questionnaire seems to 
be sensitive to the dynamics of atmosphere 
on Stratumseind.

4.2� Atmosphere� components� and�
atmosphere�appraisals�
In the concluding sections of Chapter 4, we 
said that we were tempted to expect links 
between the atmosphere components and 
atmosphere dimensions identified through 
the CAAQ, as by our definition atmosphere 
is a ‘real’ and ‘tangible’ attribute of socio-
physical settings (implying it can be sensed 
and quantified). Although tools employed 
in the present study are different in nature 
(atmosphere components being more 
descriptive and CAAQ more holistic), they all 
are aimed at measuring the same concept. 
Therefore, we expected to see some 
overlap between measures of atmosphere 
components and CAAQ dimensions. In the 
present study we correlated these different 
measures to see whether any relationships 
between descriptive and experiential 
measures of the atmosphere might exist. 
Correlations suggest that the descriptive 
aspects of the environment partially overlap 
with the experiential dimensions of the 
atmosphere. Here, we did see a quite strong 
correlation between the liveliness dimension 
of the CAAQ (capturing activity aspects of 
crowd atmosphere) and the bustle dimension. 
However, overall our analyses suggest that 
atmosphere components and atmosphere 
appraisals quantify atmosphere in somewhat 
different ways. While the environmental 
atmosphere component clearly captures 
the physical changes in the socio-physical 
context, the CAAQ more directly reflects the 
experience of the atmosphere. In addition, 
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although today we have no evidence to 
imply a direct relationship between mood 
and atmosphere dimensions, it seems that 
CAAQ, at least to some extent, captures the 
valence of the atmosphere (particularly in 
pleasantness and tenseness dimensions). 
For the atmosphere components tool, 
unfortunately, only the indicators of the 
environmental component at the moment 
can be measured reliably. However, to 
fully understand social as well as physical 
influences on the emergence of atmosphere, 
the environmental component is not sufficient 
by itself. Given the difficulties we faced in 
measuring affective/cognitive (Chapter 3) and 
behavioral (Chapters 3 & 5) components, and 
the results of the present study, the CAAQ 
seems to be a more encompassing tool to 
measure the atmosphere on Stratumseind. 
Nonetheless, in the present chapter we can 
reflect on how well variations in measures of 
environmental atmosphere component and 
CAAQ dimensions together paint the picture 
of atmosphere on Stratumseind. 

4.3� Atmosphere�on�Stratumseind
Having discussed the performance of 
methods, now would be a good moment to 
align the picture of atmosphere obtained in 
the present study with our findings about 
atmosphere and atmosphere dynamics 
presented in Chapter 2. From various sources 
(i.e., police, observations) in our exploration 
study (Chapter 2) we learned that the buzz 
and busyness on Stratumseind increases 
from Thursday through Saturday nights; that 
on all weekend nights, mainly the crowd 
is most dense after midnight, when most 
unwanted behaviors are observed. We also 
learned that it is then that police teams 
are often the most busy, and that around 
that time tense situations are more likely 
to occur. Simultaneously, we observed as 
well as learned from the interviews with 
Stratumseind visitors that most of the fun is 
also more likely to start later in the night when 
more people are present on Stratumseind, 
and that sometimes the first few hours of 

the night out on Stratumseind can even be 
perceived as boring, precisely because the 
street is still empty. Therefore, the busyness 
of the street is an extremely important aspect 
for the experience, but also for the concept of 
the atmosphere – too busy and it can become 
unpleasant, uncomfortable, things may get 
out of hand for the police; yet too small of 
the crowd and Stratumseind becomes too 
boring for its visitors. Furthermore, we also 
found that through observations of people’s 
moods, behaviors and interactions at times 
a tenseness in atmosphere was sensed, 
and, especially according to officials, it is 
considered an indicator or predictor of 
escalations or even aggression. We concluded 
that all these different aspects of socio-
physical context (i.e., such as busyness of the 
street, moods, behaviors) vary and change, 
and, most importantly, they contribute to 
the emergence of different atmospheres. 
However, the picture of Stratumseind painted 
in Chapter 2 was based on qualitative data – 
stories of police officers, bar owners, patrons, 
and our own observations. In the present 
section, we can finally show how this story 
was quantified. 
From the indicators of the environmental 
atmosphere component we saw that, indeed, 
bustle, which reflects crowdedness, amount 
of litter, and noise, usually increased and 
reached its peak as the night went into the 
early hours of the morning. We also were able 
to observe recognizable patterns of police and 
security staff – we often observed increased 
surveillance after midnight. Although we 
were not able to capture the affective-
cognitive and behavioral components of the 
atmosphere, we observed very interesting 
dynamics in atmosphere dimensions, which 
emerged from the CAAQ data. As already 
discussed in the previous section, we saw a 
rather high correlation between bustle of the 
environmental component and the liveliness 
dimension of the CAAQ. This correlation 
might be indicating that these two variables 
are related. Our data shows that bustle and 
liveliness usually increased simultaneously 
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up until midnight, however at certain nights 
we saw the levels of liveliness of the CAAQ 
dropping in the last hours of the night, while 
this was rarely the case for bustle levels (or 
at least we did not observe such sharp drops 
in bustle). This can, of course, be partially 
explained by the fact that certain elements of 
bustle – broken glass, litter and drunkenness 
– are not likely to spontaneously decrease 
as the night progresses. Pleasantness, even 
more so than liveliness, showed a very 
consistent drop towards the end of the 
night. Drops in liveliness and pleasantness 
were mainly observed when drunkenness 
increased, when asocial behaviors were more 
likely, when the crowd was most dense, and 
when the environment was most noisy. In 
other words, when bustle was at its peak. 
In addition, although we did not observe 
much (significant) change in the tenseness 
dimension throughout the night for weekend 
nights separately, often in these last two 
hours of the night tenseness levels increased 
(on Saturdays this tendency was found to be 
significant). If we look, for example, at the 
representative Saturday described at the very 
beginning of section 3.4, we see that in the 
last hours of the night, although liveliness 
dropped slightly, overall it remained relatively 
high, whilst pleasantness decreased sharply 
and tenseness levels went up. Actually, 
precisely this pattern (relatively high liveliness, 
low pleasantness, and high tenseness) in the 
last hours of the night is more pronounced 
on an average Saturday than on other days. 
Knowing that, in general, officials report 
Saturdays being the most problematic 
nights on Stratumseind concerning asocial/
aggressive behaviors and/or incident rates, 
this observed pattern could suggest that 
indeed, high crowd activity levels (as indicated 
by high bustle and liveliness levels), decreased 
comfort and valence (as indicated by drops 
in pleasantness, and increased tenseness 
in the atmosphere) could indicate a higher 
likelihood of unwanted behaviors, such as 
aggression. But of course more research, 
where both these unwanted behaviors (i.e., 

aggression) and atmosphere dimensions are 
being measured simultaneously, is needed to 
prove this relationship. 
To sum up, all these dynamic patterns and 
trends that we observed in our results 
imply that we were able to reliably quantify 
those aspects of atmosphere (i.e., bustle, 
surveillance, liveliness, pleasantness, and 
tenseness) that were previously found 
(Chapter 2) to be important in evaluating 
the experience of the night on Stratumseind, 
as well as crucial in understanding the link 
between aggression and atmosphere. At the 
moment we are still not able to claim that a 
direct link between tense atmospheres and 
aggressive behavior exists. However, in the 
present study we learned that we are able to 
quantify crowd atmosphere in a meaningful 
and reliable way. Therefore, today we are 
one step closer in defining and testing the 
possible relationship between atmosphere 
and aggression.

4.4� Atmosphere�and�light�
 In the present study we used a lighting 
manipulation to explore light’s potential 
to positively influence atmosphere. 
Interestingly, we did find a few modest, but 
significant effects of light scenario on several 
atmosphere variables. Warm light was 
overall found to positively influence bustle 
and perceived liveliness of the atmosphere 
(although the latter was only marginally 
significant with p = .05). Because of the 
explorative nature of our study, we have to 
be very careful in drawing strong conclusions 
about effects of light on the urban nightlife 
atmosphere. Nevertheless, our results 
suggest possible influences of warm reddish 
light in comparison to the regular lighting. 
Such lighting might have influenced how 
people perceived their surroundings. As 
mentioned in the introduction, some studies 
have shown that indoor environments lit 
with light of warmer color temperature 
are perceived as more cozy and less tense 
(Vogels, Bronckers, 2009) or result in more 
sociable behavior (e.g., Baron, Rea & Daniels, 
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1992). We did not see this reflected in our 
pleasantness or tenseness dimensions, which 
remained largely the same under warm vs. 
regular lighting. Furthermore, in previous 
studies in the field of atmospherics, liveliness 
was found to decrease with increasing color 
temperature (Vogels, Bronckers, 2009). 
This, in fact, does align with our findings on 
liveliness: under warmer lighting (i.e., lower 
CCT), we saw more liveliness and bustle. 
Moreover, they align with recent findings 
of Schietecat (2018), who in her chapter on 
intuitive design and interpretation of dynamic 
light scenarios found that cooler colors 
(unsaturated blue, green, sometimes yellow) 
were mainly associated with calmness.
Given the modest size of the light’s effect 
on bustle and liveliness, and the fact that 
their direction is not completely in line with 
our expectations (we had predicted more 
relaxation and more sociable behavior, 
which should have been reflected in higher 
pleasantness and lower liveliness perhaps), 
we should not jump to hasty conclusions, 
but should point to the fact that we have 
found first indications that light may 
impact atmosphere also in crowded public 
environments, and that these effects should 
be carefully studied before one applies 
them as nudging strategies in the field. In 
our case, warmer light appeared to increase 
the bustle and liveliness of the crowd, which 
both include positive (cheerful, festive, lively), 
ambiguous (stimulating, exciting, busy, not 
boring), but also negative (drunkenness, 
glass, litter) elements. Rather, they may 
point at the energy level in the crowd, which 
may translate in either desired or undesired 
behavior.

4.5� Limitations�
There are several limitations to our study. 
First, in Chapter 2 we suggest that atmosphere 
is ‘real’ and ‘tangible’. As we now moved 
forward in understanding how to capture/
measure it, we can with more confidence say 
it is indeed tangible. However, we cannot yet 
confirm that it is sensed the same by all the 

parties present on Stratumseind as in work 
presented here we only employed trained 
observers. Thus, in the future it is important 
to evaluate how different atmospheres are 
perceived, when the evaluator is not a trained 
observer, but, for instance, a police officer, 
security guard or a member of the crowd. 
Next, we hypothesized that atmosphere 
influences aggressive behavior, yet with 
the data collected so far we are not able 
to show that this causal link exists. This for 
one, would require correlating changes 
in the atmosphere with actual instances 
of aggression, including milder forms of 
aggression that at the moment are difficult to 
quantify. Thus, in the future it would be useful 
to perform, perhaps, a smaller scale study, 
and especially in a setting, where both the 
actual behavior and the atmosphere, can be 
more easily measured (thus, the relationship 
between them could be defined). 
Third, we were able to find significant effects 
of light on some atmosphere measures. 
However, because of the naturalistic context 
of our study we have to be careful to claim 
that the effects we observed are indeed 
due to manipulation of light. Although the 
naturalistic setting offers high ecological 
validity, the number of possible confounds 
and the lack of control of experimental 
conditions, both in terms of the physical 
environment as well as the crowd (the 
participants), contributes to lower robustness 
of the results. In our case, perhaps a setting 
of a smaller scale (e.g., running such a 
field experiment only in one of the parts of 
Stratumseind), and a more extreme lighting 
manipulation (this time the differences 
between control and experimental lighting 
conditions were rather subtle), would help us 
increase confidence in our findings. All in all, 
our work needs verification/replication, be it 
on Stratumseind or in a different setting. 
Finally, 3 out of 4 observers employed in 
the present study were not informed about 
the experimental conditions. However, it 
is possible that observers had noticed the 
difference between lighting conditions across 
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different days and in turn biased the results. 
In addition, it is not impossible that light 
might have influenced how they – themselves 
– perceived the environment around them, 
their responses to observation schemes and 
CAAQ, and thus the findings of the study. 
Therefore, we would benefit from research 
investigating whether lighting conditions 
could influence observers’ perceptions of 
socio-physical context, after all, observers 
too are only humans. Such effects, although 
unwanted, however would speak for the role 
of lighting at least in atmosphere perception.

4.6� Conclusions�
In short, in the present study we explored the 
performance of two different tools designed 
to measure atmosphere in an urban nightlife 
setting. The more holistic CAAQ and the more 
descriptive observation scheme intended 
to capture the environmental atmosphere 
component seem to meaningfully and reliably 
capture atmosphere and its dynamics on 
Stratumseind. The tool intended to measure 
the behavioral component of the atmosphere 
once again proved to be unreliable. Overall, 
at the moment, the CAAQ seems to be more 
encompassing and effective tool in measuring 
atmosphere in an urban nightlife setting. Last, 
using these tools, in the present study we were 
able to demonstrate (with tentative evidence) 
that street lighting, as environmental 
manipulation, has the potential to influence 
crowd atmosphere.
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During the data collection periods of my 
PhD I had a hate-love relationship with my 
job. I wanted to be acknowledged and often 
felt as a victim – a poor, super hard working 
victim, sacrificing a lot for her PhD. I knew 
of no other PhDs who had to sacrifice their 
social life, weekends and sleep – at least 
not to this extent – to collect their data. I 
missed my friends, I felt I was missing out on 
many events and activities, such as concerts, 
parties, weekends away. I also had no time 
for myself on the days of the night shifts. I 
could not chill on the couch with wine in the 
evenings, as I sometimes do to relax, because 
I had to be sober, fresh and awake at 22:00 
to go out and observe. When I would return 
home on those cold days, the heating was still 
OFF and I was usually freezing. And although 
I might have had some energy left to stay 
awake and relax or, actually I deliberately 
needed time to calm down as I often left 
Stratumseind aroused by some scary event 
(e.g., being followed out of the street by 
some untrustworthy stranger), the only thing 
I could do was go under the blanket and lay 
shivering for a few hours. Warming up and 
waiting to fall asleep. It is then when I realized 
that nighttime can sometimes be quite scary 
and all kinds of dark thoughts come to visit. 
At some point this rhythm was really tough on 
me. Then I hated my job. 
But although in general I like to complain and 
can be moody at times (mainly for show), I 
don’t like such negativity. And I knew that I 
had to do something about it. I had to make 
this whole experience more pleasant. I tried 
to find ways to cope with the schedule. First, I 
used to make calendars, where I could tick off 
each night of the observations and eventually 
weekends, mid-study milestones, etc. This 
made me feel that I was accomplishing stuff. 
I made sure I used every free evening of the 
week to do something nice and forced my 
friends to drink wine with me. I used my free 
mornings for sports – biking and swimming. 
I used my days for working on my other 
PhD tasks and creative stuff in social places, 
such as cafes. The hours before my shifts, I 

sometimes used for drawing. To compensate 
for the fact that to stay warm I had to wear ugly 
clothes, I wore lipstick on my duty. And, most 
importantly, when I felt less of a victim, I loved 
my job again, because I worked in a real-life 
setting. With real people. Everything I studied 
was really happening. It was not controlled or 
manipulated by a lab assistant, nor myself. I 
learned so much about us, people. I felt it was 
meaningful. And that is why I loved it. Being 
sober at those times also showed me how my 
friends and myself might be behaving under 
influence. And, of course, I suffered from 
professional deformation – every time we 
drank alcohol after my observations, I tried to 
determine exactly in what phase we were. All 
in all, field work was really tough, but I would 
not have done it any other way. In fact, I don’t 
think I would have managed any other type 
of PhD. I would have gotten way too bored 
(sorry, I don’t mean to offend all the people 
who are doing lab work). And, to be honest, 
although at the moment that I am writing this 
I’m still not done with the dissertation and 
I am actually going through a rough time to 
motivate myself and finish it, I can still say, I 
think I would do this all again. Even knowing 
that it can be so tough. So, to illustrate how 
‘not boring’ my project was, I wrote a few 
short stories, based on real-life events. 

POLICEWOMAN UNDER COVER
Some people called me a penguin on 
Stratumseind. Especially in 2017, when 
the nights of our duties were really cold. 
I was constantly complaining that all my 
jackets were pretty and fashionable, and 
hence not warm enough. So, eventually, I 
started wearing layers and layers of wool 
until at some point I was strolling through 
Stratumseind at a low pace with my eyes 
as the only body parts remaining visible. I 
was quite conspicuous, especially since all 
other members of the Stratumseind crowd 
were running in T-shirts as they do when 
their blood is warmed up by Gluhwein, beer, 
excessive dancing, pheromones or other 
substances. So, understandably, people called 
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me penguin once or twice. 
On one of these very cold nights, penguin and 
her assistant were observing the atmosphere 
at the end of Stratumseind, where intimidating 
young men would often be hanging. Suddenly 
one of them approached me and - while 
unzipping his jacket - confessed that he no 
longer was a ‘bad guy’, that he had no drugs 
on him and that he knew what I was doing 
here – I was on to him, because I was a police 
penguin under cover (he didn’t actually say 
penguin, just to be sure). I was shocked inside, 
and at the same time had to suppress a laugh. 
But I kept my cool. When he was done talking 
and gesticulating, I looked at him and said 
that I was really happy he was clean and not 
a bad guy anymore and that I had to continue 
with my work. I did not tell him that I was not 
actually a police officer under cover, nor did I 
confirm it. At that moment, and to be honest 
all the rest of the moments throughout my 
studies, I decided to not explain myself to a 
certain group of people. Instead, I kept an 
eye on them in my periphery, but avoided 
contact with them all together. When I look 
back, I don’t know if that was the smartest 
decision. Because not knowing who I am 
raised fear and suspicion in them. In my head 
I often ran images of a drug-dealing gang 
planning to kidnap me and threaten me to 
find out what my business here on Stratum 
was (I know, I watch too many scary movies). 
And, actually, a couple of times I was followed 
after my duty on Stratumseind and had to 
stop and face them all by myself, asking what 
they wanted and saying that if they did not 
leave me alone immediately, I would call the 
police that very instance. I was also shouted 
at by groups of men during my duty hours. I 
was called names and offended in other ways. 
That made me uncomfortable and angry. But 
I kept my cool and stayed strong. I did not do 
anything bad to them and eventually, besides 
a couple of scary encounters, they did not 
do anything bad to me either. And I am quite 
sure that today, they have already forgotten 
about me. Or have they? For some reason, 
I still take a detour off Stratumseind when I 

wear my penguin outfit on cold days here in 
Eindhoven. Just in case. 

FAMILIAR STRANGERS 
During observations we always picked a spot 
that provided us with a good overview and 
let us be flies on the wall. At some point, 
being less noticeable was important: not only 
because we didn’t want to stand out in the 
crowd, but we also had to ‘hide’ from certain 
people – bar owners, security, police officers 
and bartenders. Don’t get me wrong, they 
were all lovely! And I hadn’t done anything 
wrong to hide from the authorities. Rather, 
I had to avoid long conversations that would 
interfere with our data collection. Some of 
these people more or less knew what I was 
doing. Others saw me there every night doing 
my observations and wanted to learn what 
my deal was. Then, after they got to know me, 
they became curious about how the research 
progressed, whether any findings had been 
realized yet and, most importantly, they 
wanted to share their own experiences and 
stories about aggression on Stratumseind. 
They would come up asking whether we 
wanted anything to drink and, sometimes, 
holding a beer or a cigarette in their hand 
started staring at the luminaires with a very 
thoughtful, intense look on their face: “Hm, I 
wonder if it works..?”. I always had the same 
(and honest) answer: “Yeah, me too! Still need 
to find out!” Then their stories would unfold. 
[SIDE NOTE: oftentimes still looking up at the 
luminaires with that intense, thoughtful look] 
One bar owner, who worked on Stratumseind 
over thirty years, once laid out a theory that 
when women are having their period, men are 
less aggressive, because they do not have to 
fight for them since they cannot impregnate 
them. I wondered what kind of period tracker 
app he used… Once, on a full moon night, 
another person said: “Here it’s still calm! 
But no need to wait long, it’s coming, hey!” 
, gesturing at the full moon, which according 
to him was associated with more aggressive 
incidents (and werewolves?). Some bar 
owners were pointing to the usual customers 
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of the neighboring bars as the main trouble 
makers. The others theorized that up-
tempo, loud music arouses men who then 
become immune to environmental cues and 
behavioral norms. Other people just wanted 
to have a small chat or were willing to keep us 
company, because for them we looked bored 
and cold. 
Working there almost every weekend made 
me a familiar stranger and I also grew 
accustomed to the many regulars - the ‘usual 
suspects’ on Stratumseind. Bar tenders, 
security guards and, of course, police officers. 
Eventually, I would catch myself saying ‘hi’ to 
the barmaid having a cigarette break at the 
Kram, waving to the owner of café Sands, 
shaking hands with the Altstadt crew, smiling 
and nodding at the bouncers who start their 
shifts around 23:00, stopping to chitchat 
about how the night was going with some of 
the police agents and Stratumseind stewards 
and even almost greeting the usual group of 
intimidating men in front of the Bakkerij. In 
reality, I never actually greeted any of the 
intimidating men that I described somewhere 
in these blog posts or Chapter 2 of my 
dissertation. However, some of them became 
so familiar that I almost felt that I knew them. 
And a couple of times I caught myself smiling 
at them and saying a silent ‘hi’. I wonder what 
they thought about me then… 
But this is the life on Stratumseind – if you 
want to observe it, you will be observed 
too. Most importantly though, making these 
(mainly) positive connections gave me a 
feeling of safety and made my job much more 
pleasant. Also, I felt I gradually became a 
part of Stratumseind. Oh, and I saw so many 
people who claim that they never go out on 
Stratumseind having a blast on the street. 
Some of you might even be reading this. But 
okay, I’ll keep your identity safe. 

ARE THE LIGHTS ON?
One Saturday evening, in the summer of 
2017, when I was already finished with my 
field studies on Stratumseind, I got back to 
my social life. I went to some event in the Van 

Abbe museum, which, as most of you know, is 
at the end of Stratumseind. It was really fun 
and I had a few glasses of wine. Eventually I 
decided it was time to go home. Nowadays 
I try to avoid going through Stratumseind, 
because I feel exposed there. See, by now I 
know quite a few people in my identity as the 
‘Lady of Lights’. In other words – I know them 
– and they know me - as a professional, sober, 
serious individual. So I prefer not to walk 
around that street tipsy or in my party girl 
emploi. Therefore, that night I picked up my 
bike and intended to go across Stratumseind 
bridge as fast as possible and then disappear 
into the side street. But luck was not on my 
side. Already from a distance I saw a police 
officer rushing towards me, waving with a big 
smile. In a matter of seconds, officer SuperTall 
(I had names for most of the police officers 
– Tall, SuperTall, Handsome, Very Handsome, 
Chit-Chatty, and so on) was by my side: “hey, 
Indre, how is it going? Are your lights ON?’ 
he asked. “Going great, officer SuperTall. I was 
not yet on my bike, I know I’m not allowed to 
bike through Stratumseind. But yes, the lights 
are ON”, said I, pointing at my bike lights, which 
were ON. He laughed loudly: “Oh, no, no, no, 
I was wondering about Stratumseind lights!”. 
“ Oh, those,” I said “They are off duty, just like 
me, sir!”. Then, as we were about to chit chat 
more, in my periphery (a skill that I developed 
throughout my field work) I saw some people 
causing trouble a few meters away and was 
glad I could say bye to my friend as he ran 
after his duty (I know how funny people look, 
when they pretend they are not drunk or 
tipsy and I did not want to embarrass myself 
further). But, back to the lights – “are your 
lights ON?”, in fact, was a very reasonable 
question from officer SuperTall. While we 
were out collecting data, there were several 
occasions when our lighting system would 
malfunction and the scenarios would stop 
working. Once in the field, in the middle of 
the night, there is very little you can do about 
it and if none of the solutions I could engineer 
worked that night, we would end up in deep 
and dark frustration. Sometimes, if the issues 



II

164

were not fixed on the spot, the whole night of 
work was lost. Especially then, the motivation 
to continue the difficult night shifts would 
drop dramatically.
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1 Introduction
In previous chapters, through several field 
studies, we developed and tested two 
different tools to measure descriptive 
and experiential aspects of atmosphere. 
To do so we employed very intensive and 
demanding data collection processes (i.e., 
external research assistants to be trained and 
employed; working late hours; being exposed 
to not always safe situations, and so forth). 
We therefore felt the need to explore how we 
could optimize the process of data collection. 
In Chapter 2, we observed that atmosphere 
can be sensed by all present on Stratumseind: 
by patrons, experts (e.g. police, bar staff) 
and third parties, such as us, researchers. 
In the present chapter, we, based on this 
observation, aim to explore possibility to 
optimize data collection by employing people 
that are already present in the field, rather 
than specially trained observers (as was done 
in all previous studies). In this study, we report 
on atmosphere ratings made by Stratumseind 
stewards, and compare these with 
observation made by our trained observers. 
Although we have argued that atmosphere is 
sensed by all actors present on Stratumseind, 
it remains unclear to what extent perceptions 
of atmosphere differ amongst different 
groups (e.g., because of differences in the 
role actors have on Stratumseind). Comparing 
ratings of Stratumseind stewards with those 
of our trained observers, thus, provided the 
opportunity to explore possible differences 
in how atmosphere is perceived amongst 
different parties on Stratumseind).

1.1� Atmosphere�on�Stratumseind
Atmosphere, as we defined it, is part and 
parcel of what happens on Stratumseind. 
Based on our studies, we hypothesized that 
atmosphere is a mechanism behind the 
person-environment interactions that play a 
role in the emergence of unwanted behaviors 
(including aggression) on Stratumseind. In 
our qualitative study, presented in Chapter 
2, we showed that all the different groups 
of people that come to or that work on 

Stratumseind identify and refer to the 
atmosphere in this urban nightlife setting. But 
of course, their perspectives on, and interests 
in the atmosphere may vary. Although all 
groups are referring to the same concept, it 
is to be expected that, to some extent, the 
relevance of atmosphere is slightly different 
for each group. For example, the crowd 
members mainly come to Stratumseind to 
enjoy a night out and thus are interested in 
fun, unwinding, and positive excitement. For 
police it is important to sense any tension 
arising, as according to them it is an indicator 
of upcoming unwanted behavior and of 
escalations they need to prevent or defuse. 
In addition, we noted subtle differences 
in the ‘sources’ that groups use to infer 
atmosphere. Stratumseind visitors perceive 
the atmosphere through a combination of 
their expectations of the night, their internal 
states (i.e., moods), and their observations of 
other people (e.g., as friendly, aggressive). On 
the other hand, professionals, in particular 
the police, tend to probe atmosphere by 
observing interactions within the crowd that 
may or may not indicate possible escalations. 
We, researchers, probe atmosphere by 
observing the crowd’s moods, behaviors, 
and changes in the physical environment, 
aiming to capture the general fluctuations 
in the atmosphere, including both positive 
and negative aspects of it. Consequently, we 
have designed and tested our atmosphere 
measurement tools based on the broad 
overview of how atmosphere is perceived 
by different members of the Stratumseind 
crowd. 
In the present study, we explore one means 
of optimizing data collection by employing 
people already present in the field as 
observers: Stratumseind stewards. Another 
means—coding video recordings of the 
Stratumseind crowd and environment rather 
than making observations in situ—is explored 
in the next chapter (i.e., Chapter 7). Stewards 
are (indirectly) hired by the municipality of 
Eindhoven to help Stratumseind visitors find 
their way around on Stratumseind and to 
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kindly introduce visitors to the main social 
norms and rules in this going out area (e.g., 
no glassware outside the bar areas, no public 
urination, etc.). They have direct contact with 
the police Horeca team through telephone, 
and also, when necessary, assist police 
officers to deal with emergency situations, for 
example, by holding back curious onlookers 
during a fight. Stewards work on Stratumseind 
in pairs. Every Saturday after the briefing in 
the police department, they patrol the street 
from 23:00 till after the closing hours of the 
street (4:00 o’clock in the morning). 
Since the primary responsibility of stewards is 
not the collection of scientific data, the actual 
assessment of the atmosphere at a certain 
time and location must be swift in order to 
obtain atmosphere assessment regularly 
throughout the night without interfering too 
much with their primary tasks. Therefore, we 
decided to have them rate the atmosphere 
using an abridged or shortened version of the 
Crowd Atmosphere Appraisal Questionnaire 
(CAAQ). Stewards were not trained to fill 
in the CAAQ questionnaire in the way the 
research assistants collecting data in earlier 
studies were. Stewards are, on the other 
hand, experts in observing and reading 
the crowd on Stratumseind. Through their 
abundant exposure and responsibilities, they 
have gained substantial expertise in assessing 
the Stratumseind patronage and atmosphere.

1.2� Research�aims
The main aim of the present study was to 
investigate whether it is possible to have third 
parties already present on Stratumseind—in 
our case Stratumseind Stewards—collect 
atmosphere data. Because these Stewards 
have only very limited amount of time to aid 
in data collection, a shortened version of the 
CAAQ was used for data collection. We asked 
stewards to perform observations individually 
during multiple nights. The data collection 
period overlapped with the field study 
presented in Chapter 5, so that responses 
of Stewards could be compared with data 
collected by the author and the trained 

observers; but only coarsely so, as Stewards 
and trained observers rarely observed the 
same part of the street at a given time. 
Using Stratumseind Stewards as a case, we 
explore whether it is feasible to have third 
parties collect data while on duty on the 
street. To do so we examine, for example, 
how many observations Stewards are able 
to make throughout the evening. Besides, 
comparisons of the data collected by stewards 
and trained observers (on the subset of CAAQ 
items contained in the abridged version) 
allowed us to also examine the quality 
of the data collected. At the same time, 
possible differences in evaluations between 
the two groups of observers may point to 
interesting differences in perspectives on 
atmosphere and atmosphere perceptions. 
Since the involvement of third parties in the 
data collection necessarily requires short 
atmosphere measurement instruments, 
comparisons of the abbreviated version with 
the full version of CAAQ allowed us to explore 
the extent to which the abbreviated version 
of CAAQ is capable of capturing all relevant 
aspects of atmosphere. We expected to 
identify similar dimensions of atmosphere 
as in Chapter 4 and in Chapter 5. In addition, 
we also expected that the dynamics of these 
dimensions would show similar tendencies 
as observed in previous studies (Chapter 4 
& 5). This leads us to the following research 
questions:

1. (To what extent) can Stratumseind 
stewards be employed in atmosphere 
measurements on Stratumseind using an 
abbreviates version of the CAAQ? 
2. Is atmosphere measured in a similar 
way by professionals on Stratumseind as 
compared to trained observers? 
3. How do the atmosphere dimensions 
– in content and amount – from the 
abbreviated version of the atmosphere 
appraisal questionnaire compare to those 
identified with the full version of the 
atmosphere appraisal questionnaire?
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2 Methods
2.1� Design
We conducted a field study with atmosphere 
appraisals as the dependent measure. The 
data were collected by stewards over a period 
of 7 Saturdays1  between the 18th of February 
and the 8th of April, 2017, from 23:00 on 
Saturday evening till 04:00 on the following 
Sunday morning. The data collection was 
run in parallel with the data collection by 
trained observers reported in Chapter 5. For 
the current study’s purposes we compared 
the stewards’ data with the data collected 
on these same days by trained observers. 
Within this study we explored the dimensions 
of atmosphere as measured with a subset of 
the CAAQ terms and the dynamics of these 
dimensions across the Saturday night hours 
as measured by expert and trained observers.

2.2� Expert�observers
Four stewards work on Stratumseind every 
Saturday night. In collaboration with the 
municipality the agreement was made that 
all four stewards would participate in our 
study while on duty on Stratumseind. Each 
tried to fill out as many questionnaires as 
possible, within the constraints of their duty 
on Stratumseind, which remained their first 
priority. 

2.3� Measures
We were not able to employ the full CAAQ, 
because of the restricted amount of time 
that stewards could dedicate to filling out our 
questionnaires while on duty (up to 1 minute 
per observations and about 3 observations 
an hour). Therefore, six terms were taken 
from the original adjective list (containing 30 
items) presented in Chapter 4 and translated 
into the Dutch language (see Table 1). The 
terms were selected so that both positive and 
negative aspects of the atmosphere would be 
represented. We based our choices mainly 
on the two dimensions of atmosphere that 
were identified in Chapter 4 (at the time we 

did not have the results of Chapter 5, as these 
two studies ran simultaneously) and on our 
intention to capture aggressive tendencies. 
These terms were presented with the question 
‘how well do the items below describe the 
current atmosphere on Stratumseind?’ [In 
welke mate beschrijft ‘term’ de huidige sfeer 
op Stratumseind?]. Each term then was rated 
on a five-point scale ranging from not at all 
[helemaal niet] to extremely well [zeer goed]. 
In the remainder of the chapter, we will label 
this abbreviated version of the CAAQ, the 
aCAAQ.

 1 Stewards of Stratumseind only work on Stratumseind on Saturday nights. 

Table 1: List of atmosphere appraisal questionnaire terms 
used in present study with alternative Dutch translation 

2.4� Procedure
On all seven Saturdays, three times an hour 
(i.e., every twenty minutes), starting at 23:20 
and ending 03:50 on Sunday mornings, all 
stewards received a text message on their 
smart phone with a request to fill out the 
survey. The messages contained a direct link to 
Google Forms, where the data were saved. If 
stewards were able to answer the atmosphere 
question, then they followed the link to the 
survey and filled it out. This would take up to 
1 minute. If they were not able to fill out the 
survey within 5 minutes, they were instructed 
to ignore the message and if possible 

English Dutch 
tense gespannen
tiring onrustig

aggressive agressief

English Dutch 

lively levendig

cheerful vrolijk

happy blij 

Positive terms

Negative terms
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respond to the following one. Each steward 
was asked to fill out the survey individually, 
without consulting with their colleagues. 
As mentioned above, the stewards work in 
couples on Stratumseind, but because of their 
primary duties on Stratumseind, they did not 
always evaluate exactly the same atmosphere 
simultaneously (for instance, sometimes one 
of the stewards in a couple needed to keep 
an eye on happenings on the street, while 
the other one completed the questionnaire). 
Throughout the study we were able to collect 
a total of 139 responses (out of a theoretical 
maximum of 360), resulting in a 39% response 
rate. Just like with trained observers, we 
also recorded the street location where the 
atmosphere appraisal questionnaire was 
being filled in. However, unlike the study with 
trained observers, we could not expect equal 
distributions of questionnaires over locations, 
as the location of where stewards are depends 
mainly on what happens on Stratumseind 
(e.g., where it is the most crowded or where 
they have the best overview of the street) and 
this does not follow a systematic schedule 
covering the whole street on an hourly basis. 
The results show that 36% of questionnaires 
were completed in the Long end I, 52% of the 
questionnaires were completed in the Long 
end II and only 12% of the questionnaires were 

completed in the Short end of Stratumseind. 

3 Results
3.1� Scale�construction
Factor analyses using principal component 
factor (PCF) method and oblique rotation (i.e., 
direct Oblimin) were applied to simplify the 
component loading matrix, while allowing for 
any naturally occurring correlations between 
extracted factors.  To be able to compare, in a 
later analysis, atmosphere evaluations made 
by the two groups of observers, we combined 
the steward data with the data collected for 
these same items by the trained observers 
on the same Saturdays (total N=456; 139 
from stewards; 317 from observers). First, 
we present the Spearman’s correlation 
coefficients between the set of atmosphere 
items (Table 2).
All terms correlated with at least one other 
term with rho higher than .30. Thus all 
variables were included in the subsequent 
analysis. The Kaiser-Meyer-Olkin measure 
(KMO) of sampling adequacy produced an 
overall score of .66, with individual item 
scores ranging from .57 to .73, indicating 
acceptable to good sampling adequacy. 
After running the factor analysis, Kaiser’s 
criterion suggested two factors, which, after 
rotation, explained 76.1% of variance (38.5% 

2 For factor structure, internal consistency and scale construction of the full CAAQ we refer to Chapter 5 section 3.2.2.
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cheerful 1
happy .74* 1
lively .69* .49* 1
tiring -.05 -.13* .19* 1
tense -.06 -.16* .18* .60* 1
aggressive .02 -.12* .17* .44* .59* 1
*significant correlations p<.01

Table 2: Spearman’s correlation coefficients amongst atmosphere appraisal terms (steward and trained observers data 
combined)
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and 37.5% each). Conceptually, the two new 
factors seemed to make sense. After checking 
the communalities and factor loadings, 
using the regression scoring method, two 
factors were extracted. Factor loadings 
are presented in Table 3. Based on these 
loadings, the first factor was labeled aCAAQ 
tenseness (as the most salient items in this 
factor indicated tension and aggressiveness 
in the atmosphere; ‘a’ to indicate that this 
is based on the abbreviated version of the 
questionnaire) and the second factor was 
labeled aCAAQ liveliness (as the most salient 
items in this factor indicated cheerfulness and 
liveliness of the atmosphere). The Cronbach’s 
alphas for these factors were .83 and .81 
respectively, which indicated relatively good 
reliability of both factors. The two new 
variables did not correlate significantly, with 
Spearman’s correlation coefficient equal to 
-.06 (p = .19).
As mentioned above, we combined data 
from stewards and trained observers in 
order to obtain measurements of aCAAQ 

Table 3: Factor loadings of the abbreviated atmosphere 
appraisal questionnaire (aCAAQ)

tenseness and aCAAQ liveliness on which 
these two groups of raters can be compared. 
Since Stewards with, n = 139 out of 456 are 
underrepresented in this combined dataset, 
we also conducted the factor analysis on 
Steward data only to confirm that indeed 
a similar factor solution is obtained with 
the Steward data. First the correlations are 
presented in Table 4.
All terms correlated with at least one other 
term higher than .30. Thus all variables 
were included in analysis. The Kaiser-Meyer-
Olkin measure (KMO) of sampling adequacy 
produced an overall score of .68, with 
individual item scores ranging from .54 to .85, 
indicating acceptable to excellent sampling 
adequacy. After running factor analyses, 
Kaiser’s criterion suggested two factors, 
which, after rotation, explained 82.69% of 
variance (45.13% and 37.56% each; see Table 
5 for factor loading matrix). The factor solution 
resembled the atmosphere dimensions 
extracted with the combined data above. 
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cheerful 1
happy .87* 1
lively .50* .48* 1
tiring -.04 .07 .31* 1
tense -.16 -.04 .22 .80* 1
aggressive -.07 .00 .16 .63* .66* 1
*significant correlations p<.01

Table 4: Spearman’s correlation coefficients amongst atmosphere appraisal terms (stewards data only)

Table 5: Factor loadings of abbreviated atmosphere 
appraisal questionnaire (stewards data only)

Term tenseness liveliness
cheerful - 0.96
happy - 0.93
lively 0.36 0.65
tiring 0.93 -
tense 0.95 -
aggressive 0.87 -
NOTE: Coefficients lower than .30 are left blank

Term aCAAQ tenseness aCAAQ liveliness
cheerful - .94
happy - .86
lively - .79
tiring .82 -
tense .91 -
aggressive .84 -
NOTE: Coefficients lower than .30 are left blank
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Here, we are also able to identify positive and 
negative dimensions of the atmosphere. The 
Cronbach’s alphas for these factors were .90 
and .83 respectively, which indicated good 
reliability of both factors. Factor structure 
was found to be very similar to that extracted 
above, using the combined data set.

3.2� Comparing�atmosphere�appraisals
3.2.1 Spread and variation
In this section we compare atmosphere 
appraisals as obtained with stewards versus 
observers using the aCAAQ, and with the full 
versus the abbreviated atmosphere appraisal 
questionnaire. We used the affix ‘S’ to refer 
to atmosphere appraisal by Stewards (e.g., 
aCAAQ tenseness S).
The descriptive statistics (Table 6) indicate 

that data obtained from stewards show more 
variance and a wider range as compared 
to data obtained from trained observers. 
The variation in atmosphere dimensions 
obtained from observer data is similar for the 
abbreviated and the long version. 

3.2.2 Correlations
Next, to compare the atmosphere appraisals 
between stewards and trained observers 
we calculated Spearman’s correlation 
coefficients for all Saturdays when both 
researchers and stewards were collecting 
data on Stratumseind (six Saturdays in total). 
We had to aggregate data to a sensible unit 
of measurement, as we were not able to 
ensure that stewards and trained observers 
were always measuring exactly the same 

aCAAQ liveliness S aCAAQ liveliness CAAQ liveliness
mean 0.03 0.13 0.47

SD 1.28 0.81 0.97
range 4.88 4.06 4.46

aCAAQ tenseness S aCAAQ tenseness CAAQ tenseness
mean 0.18 -0.27 -0.14

SD 1.41 0.51 0.55
range 6.67 2.49 3.09

Tenseness

Liveliness
Table 6: Means, standard deviations and range of tenseness and liveliness across different data sets
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aCAAQ tenseness S 1.00

aCAAQ tenseness .79* 1.00

CAAQ tenseness .29 .40* 1.00

aCAAQ liveliness S .24 .30 -.26 1.00

aCAAQ liveliness -.08 -.10 -.12 .23 1.00

CAAQ liveliness .07 .02 -.01 .32 .96* 1.00
*significant correlations p<.05

Table 7: Spearman’s correlation coefficients between tenseness and liveliness across different data sets
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atmospheres (i.e., at exactly the same 
moment and location on Stratumseind). 
The correlations were hence computed by 
averaging data per hour across all stewards’ 
and across all locations for each Saturday, 
from 23:00 till 03:59. This resulted in 25 data 
points for each of the atmosphere measures. 
Spearman’s rho values are presented in Table 
7. 
The correlation between the tenseness 
dimensions as evaluated by stewards and that 
by trained observers (abbreviated version) 
was rather strong and significant, with rho 
= 0.79, p < .01. In contrast, the correlation 
between the liveliness dimensions from 
both groups of observers was weak and 
not significant, with rho = 0.23, p = .28. The 
correlation between tenseness as measured 
by the abbreviated and full versions of the 
questionnaire was moderate, with rho = 
.40, but significant, p  < .05. Whereas the 
correlation between liveliness as measured 
by the abbreviated and full CAAQ was very 
strong and significant, with rho = .96, p < .01.

3.3� Atmosphere�dynamics
Next, we explored the differences in the 
two atmosphere dimensions derived from 
the abbreviated CAAQ across the Saturday 
night hours. We focused on variables derived 
from steward data and compared them with 
variables derived from observer data. None 
of the variables met normality assumptions 
required for ANOVA. In addition, just like in 
Chapter 5,  investigation of the histograms 
of aCAAQ tenseness S  (see Figure 1) and 
aCAAQ tenseness (see Figure 1), indicated 
that the majority of instances were clustered 
at the low end of the tenseness scale and 
only a few instances were scored on the high 
end. Therefore, the original variables were 
transformed into dichotomous variables, by 
choosing, as we did in Chapter 5, 75% of data 
as a cutoff point: atmospheres that fell in the 
first three quartiles were coded as not tense 
(aCAAQ tenseness S, n = 100 and aCAAQ 
tenseness, n = 196) and those that fell in the 
fourth quartile were coded as tense (aCAAQ 

tenseness S, n = 39 and aCAAQ tenseness, n 
= 66).

Figure 1: Histograms of aCAAQ tenseness S 
and aCAAQ tenseness variables with cutoff 
point at 75% indicated with red bars
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To explore the dynamics across night hours 
of the liveliness variables, we used a Kruskal-
Wallis H test and to explore the dynamics 
across night hour for the tenseness variables 
we used Pearson’s chi-square test.

3.3.1 Liveliness 
The results of a Kruskal-Wallis H test  (see 
Figure 3) showed no significant differences in 
aCAAQ liveliness S levels across Saturday night 
hours, with χ2(4)=3.53, p = .47. While aCAAQ 
liveliness did show significant differences 
across night hours, with χ2(4)=88.73, p < .00 
(see Figure 2). Dunn’s post-hoc test indicated 
that aCAAQ liveliness increased significantly 
until approximately 01:00 o’clock in the 
morning, when it reached its peak and then 
dropped significantly over the last two hours 
of the night (see Table 8). 

3.3.2 Tenseness
 Contingency tables of tense and not tense 
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instances across Saturday night hours are 
presented in Table 9. For aCAAQ tenseness S, 
Pearson’s chi-square test indicated significant 
differences of frequency of tense instances 
across Saturday night hours, with χ2(4)=22.18, 
p < .01 (see Figure 2). Post-hoc analyses using 
Fisher’s exact test indicated that the number 
of tense instances increased significantly after 
01:00 o’clock in the morning as compared to 
the first hours of the night (see Table 10 for 

Table 8: Results of post hoc analyses of dynamics in aCAAQ liveliness across Saturday night hours

aCAAQ ltenseness S 23:00-23:59 00:00-00:59 01:00-01:59 02:00-02:59 03:00-03:59 Total
not tense 6 23 23 22 26 100
tense (%) 0 (0%) 1(4%) 3(12%) 12(35%) 23(47%) 39

total 6 24 26 34 49 139
aCAAQ ltenseness 23:00-23:59 00:00-00:59 01:00-01:59 02:00-02:59 03:00-03:59 Total

not tense 65 34 56 19 22 196
tense (%) 1(2%) 2(6%) 14(20%) 15(44%) 34(65%) 66

total 66 36 70 34 56 262

Table 9: aCAAQ tenseness variables distributions across Saturday night hours

Table 10: Post hoc analyses of dynamics of aCAAQ tenseness variables across Saturday night hours

a CAAQ tenseness S a CAAQ tenseness
p p

23:00-23:59 vs 00:00-00:59 .99 .25
23:00-23:59 vs 01:00-01:59 .99 .00
23:00-23:59 vs 02:00-02:59 .15 .00
23:00-23:59 vs 03:00-03:59 .04 .00
00:00-00:59 vs 01:00-01:59 .61 .08
00:00-00:59 vs 02:00-02:59 .01 .00
00:00-00:59 vs 03:00-03:59 .00 .00
01:00-01:59 vs 02:00-02:59 .04 .02
01:00-01:59 vs 03:00-03:59 .00 .00
02:00-02:59 vs 03:00-03:59 .37 .14

Fisher’s exa ct test

p values).  For aCAAQ tenseness, Pearson’s 
chi-square test also indicated significant 
differences in the frequency of tense 
instances across Saturday night hours, with 
χ2(4)=71.96, p < .01 (see Figure 2). Post-hoc 
analyses using Fisher’s exact test indicated 
that the number of tense instances increased 
significantly towards the end of the night as 
compared to the first two hours of the night 
(see Table 10 for p values).

z p
23:00-23:59 vs 00:00-00:59 -3.28 .01
23:00-23:59 vs 01:00-01:59 -7.36 .00
00:00-00:59 vs 01:00-01:59 -2.86 .02
23:00-23:59 vs 02:00-02:59 -3.98 .00
00:00-00:59 vs 02:00-02:59 -0.67 .99
01:00-01:59 vs 02:00-02:59 2.03 .21
23:00-23:59 vs 03:00-03:59 1.03 .99
00:00-00:59 vs 03:00-03:59 4.05 .00
01:00-01:59 vs 03:00-03:59 8.09 .00
02:00-02:59 vs 03:00-03:59 4.72 .00

aCAAQ livelinessSaturday night
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Figure 2: Medians of aCAAQ liveliness variables, and proportion of tense instances of aCAAQ tenseness variable across 
Saturday night hours

4 Discussion
To tackle one of the possibilities to optimize 
the resource-intensive data collection 
process in the context of Stratumseind living 
lab, in the present study we explored whether 
Stratumseind stewards could be employed 
to reliably and validly measure atmosphere 
on Stratumseind. To do so we needed to 
compare stewards’ atmosphere appraisals 
data to with that of trained observers. Thus, 
it additionally allowed us to investigate how 
atmosphere is sensed by professionals as 
compared to trained observers. Lastly, since, 
to be able to employ Stratumseind stewards 
we had to shorten the CAAQ, in present study 
we also explored how an abbreviated version 
of the CAAQ performed as compared to the 
full version of the questionnaire. 

4.1� Stewards�vs.�trained�observers
Since evaluating atmosphere is not the 
primary task of Stratumseind Stewards, they 
made much less atmosphere evaluations 
(39% out of a theoretical maximum of 
360) as dedicated trained observers would 
be able to make. Moreover, atmosphere 

measurements were not equally distributed 
across each section of the street. With 
respect to the quality of the evaluations 
made by Stratumseind Stewards, we also 
found differences in atmosphere appraisals 
made by Stewards and our trained observers, 
First, we found but a low and statistically 
non-significant correlation between the two 
groups’ evaluations of liveliness. When we 
examined the atmosphere dynamics across 
the Saturday night hours, we learned that the 
liveliness dimension showed no significant 
variation when calculated on steward data. 
The direction of fluctuations in liveliness 
across the night hours was also slightly 
different than expected or observed in the 
data collected by the trained observers who 
observed a drop in liveliness at midnight 
and then an increase as the night went by, 
with a final drop towards the closing hour. 
In contrast to liveliness, the correlation 
between tenseness ratings appeared to 
be high, suggesting that the appraisals of 
tension in the atmosphere by both groups 
is much better aligned. Further investigation 
of dynamics in tenseness showed significant 
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changes in tense situations across Saturday 
night hours in the expected direction in both 
steward, as well as trained observer data. This 
suggests that using steward observers we 
were able to reliably capture (fluctuations in) 
tenseness dimension of the atmosphere, but 
not so much for liveliness.
There might be several reasons why we 
observed differences between stewards and 
observers. First, we saw a wider spread in 
stewards’ data, especially for the liveliness 
dimension (as compared to trained observers’ 
data). This might suggest a possible range 
bias (Poulton, 1989). Trained observers 
performed observations throughout the 
whole weekend, where Saturday is known 
to be the busiest and liveliest night of the 
week. That might have served as an anchor 
to trained observers’ judgements and thus 
overall resulted in scores on the higher 
end of the scale of liveliness on Saturdays. 
Stewards, on the other hand, only work on 
Stratumseind on Saturdays and had to base 
their ratings only on that day. Second, the 
observed difference between evaluations by 
Stewards and trained observers may reflect a 
difference in perspectives on and perceptions 
of atmosphere. While the trained observers 
were trained to focus on all relevant aspects 
of atmosphere of Stratumseind (including 
both liveliness and tenseness), stewards’ 
main focus on Stratumseind is to help keeping 
order and recognize possible escalations. As 
such, they may be more attuned to focus on 
the tenseness dimension of the atmosphere 
on Stratumseind. Finally, since we were not 
able to ensure that stewards and observers 
evaluate exactly the same atmosphere 
(regarding the location and timing), data 
aggregation used in our study might have 
influenced the strength of correlations. 
In sum, the lack of correlations and different 
dynamics in aCAAQ liveliness variables, and 
high similarity in aCAAQ tenseness variables 
for stewards and observers data found in the 
present study, support the idea proposed 
in the introduction that different observer 
groups might experience atmosphere 

differently depending on their primary goals 
and perspective on Stratumseind. This, thus, 
suggests that researchers considering to use 
the CAAQ with only untrained observers 
to measure atmosphere, have to keep in 
mind the tradeoff between efficiency of the 
data collection process and the reliability 
of data. In our case, we were able to show 
that stewards can be employed to reliably 
measure the tenseness dimension of the 
crowd atmosphere on Stratumseind.

4.2� Full�versus�abbreviated�CAAQ
The CAAQ as developed in the previous 
chapters, needed to be abbreviated in 
order to be used by Stewards. Reducing the 
number of items affects the reliability of 
measurement, but to assess possible effects 
on validity we compared ratings obtained with 
the abbreviated instrument to those obtained 
with full version of the questionnaire. We 
found the abbreviated version was not able 
to effectively capture all three dimensions of 
atmosphere appraisals, with items loading 
on liveliness and tenseness but not the 
pleasantness dimension. aCAAQ tenseness 
identified in present study appeared to be 
very similar to the CAAQ tenseness dimension 
identified in Chapter 5 using the full CAAQ 
– two of the most salient items describing 
tenseness were ‘tense’ and ‘aggressive’. 
aCAAQ liveliness was also conceptually similar 
to the CAAQ liveliness dimension discovered 
in Chapter 5, since the terms ‘lively’ and 
‘cheerful’ had high factor loadings.
Next, using steward data and observer 
data we tested the correlations between 
atmosphere dimensions derived from the 
aCAAQ and CAAQ. The steward data did not 
correlate significantly with the atmosphere 
dimensions derived from CAAQ. Atmosphere 
dimensions derived from observer data 
(aCAAQ and CAAQ) revealed significant 
correlations. Here we saw that liveliness 
variables correlated really highly, whilst 
correlation between tenseness variables was, 
somewhat unexpectedly, lower. This lower 
correlation could be accounted for by the 
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difference in factor structure (as discussed 
above), as aCAAQ tenseness contained a 
term which in Chapter 5 was loading on 
CAAQ pleasantness dimension. In Chapter 
5 tenseness and pleasantness, especially 
on Saturdays, exhibited inversed behaviors: 
pleasantness would drop sharply in the last 
hours of the night, while tenseness would 
increase. We thus argued in Chapter 5 that 
high levels of liveliness and bustle together 
might be indicators of possible escalations 
and aggression. Since we were not able to 
extract a pleasantness dimension in the 
present study, we unfortunately were not 
able to demonstrate a similar inverse relation 
between these two dimensions in the present 
study.
Shortening of the CAAQ thus did came 
at a price: Although the reduced time 
required to complete it made it suitable 
for use by Stratumseind Stewards, it did 
influence both the reliability and validity 
of the measurements; in particular with 
respect to which atmosphere dimensions 
are captured. However, since both studies 
reported in Chapter 5 and Chapter 6 took 
place simultaneously, we were not yet aware 
of the factor structure which formed three 
dimensions of CAAQ found in Chapter 5 
when selecting the terms to be included in 
the aCAAQ. In retrospect, we may not have 
selected the most optimal set of terms to 
be used in present study to cover all the 
three atmosphere dimensions: liveliness, 
pleasantness and tenseness. Looking back, 
we could have replaced ‘happy’ and ‘tiring’, 
used in present study, with ‘pleasant’ and 
‘welcoming’, as these terms had higher 
factor loadings on CAAQ pleasantness 
dimension (see Chapter 5, section 3.2.2). 
Although the present findings are promising 
with respect to the possibility of shortening 
the CAAQ in order for it to be used by third 
party observers, more research is needed to 
determine whether all three dimensions of 
atmosphere appraisals can be measured with 
a more optimal selection of terms.

4.3� Limitations
There are several limitations to our work 
presented in this chapter. First, the times 
and locations when stewards and observers 
filled out the questionnaires barely ever 
overlapped. As a results, the two groups are 
unlikely to have ever observed exactly the 
same atmosphere (i.e., at the same time and 
location). Therefore, it proved impossible to 
compare directly atmosphere evaluations by 
the two groups of observers. Instead, we were 
only able to compare the ratings in a strongly 
aggregated manner focusing only on average 
changes in atmosphere over time. In future 
studies, we should aim to have the third party 
and trained observers to evaluate as many of 
the same atmospheres as possible, so that 
possible differences between two groups can 
be explored with higher precision. Second, 
due to the low response rate of Stewards—
who have other duties beside answering 
surveys—we may not have had a sufficient 
number of observations from Stewards to 
robustly compare measurement obtained 
with third party and trained observers. To 
increase the sample size, it would be beneficial 
to have a bigger group of experts participating 
in the study or to extend the period of data 
collection (i.e., to include more Saturdays). 
Third, in the present study we were not able to 
check the inter-rater agreement amongst the 
steward observers since we were not able to 
insure that both stewards of each of the two 
couples were filling out the questionnaire at 
the same time and location of Stratumseind. 
Fourth, in the present study we only focused 
on Stratumseind Stewards. It would be 
interesting to include, in future research, also 
other professionals present on Stratumseind 
such as, for example, police officers. This will 
not only increase the number of observations 
that such third parties then together can make, 
but also may provide further insights into how 
atmosphere is perceived by different parties. 
Finally, and as already mentioned above, the 
CAAQ terms we selected to be included in the 
abbreviated version may not have been the 
most optimal. Because this study overlapped 
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with the field study reported in Chapter 5, the 
outcome of the factor analysis on the data of 
Chapter 5—in which the three dimensions 
liveliness, pleasantness and tenseness were 
identified—were not yet know to us. As a 
result, the terms we selected were not always 
those that had the highest factor loadings on 
each of these dimensions. As argued above, 
this likely explains why pleasantness did not 
emerge as a factor in the present study.  

4.4� Implications
Despite these limitations, we feel that the 
results of the present study are promising 
with respect to the possibility of including 
third parties already present on Stratumseind 
in the data collection process as a means 
of optimizing data collection in living labs. 
However, the following considerations 
should be taken into account when doing 
so. First, professionals such as Stewards and 
police officers have other primary duties 
that will undoubtedly interfere with the 
data collection. Although, we believe that 
the CAAQ can be shortened to reduce the 
time required to complete it (yet, an optimal 
set of items needs still to be determined 
empirically), we found that Stewards still 
were only able to complete less than half of 
the intended atmosphere observations. In 
addition, observations were not made equally 
across all locations of the street. This, and the 
inherently lower reliability of atmosphere 
measurement made with less survey items, 
suggests that data collection may need to 
be extended over a longer period of time in 
order to obtain a similar amount of data as 
with trained observers. At the same time, 
the Stewards considered in the present 
chapter are but one group of Stratumseind 
stakeholders. Including, for example, police, 
bouncers, and the general public (patrons) 
in data collection may allow for observations 
to be collected in sufficient numbers without 
increasing the length of a study. 
Second, when involving third parties into 
the data collection process, one must 
consider that different parties may have a 

different perspective on and perception of 
atmosphere depending on the their primary 
role. For example, stewards and police 
officers, due to their primary duties, may be 
mainly attuned to the detection of tenseness 
in the atmosphere. Patrons, in contrast, 
come to Stratumseind to have fun, and thus 
liveliness and pleasantness dimensions may 
be of most relevance for them. In other 
words, when interpreting data gathered using 
CAAQ, it is important to consider ‘who is the 
observer’. To control for this and to increase 
the robustness of this tool, some training in 
understanding the concept of atmosphere 
and atmosphere dimensions, and using this 
tool might be beneficial. 
Overall, our results suggest that employing 
people already present in the field in data 
collection might, indeed, increase the 
efficiency of the process. However the tradeoff 
between efficiency and reliability, and extent 
to which all atmosphere dimensions are being 
captured has to be carefully considered.



7Chapter 7:
Exploring possibilities to optimize data collection 

procedure: 
Atmosphere evaluations based on video imagery





7

181

1 Introduction
Research in the wild is insightful and renders 
rich data, but is costly. It is costly in terms of 
hours and money, and may be costly in terms 
of discomfort and unsafety. The atmosphere 
measurement tools described in the previous 
chapters were all designed and tested in a 
naturalistic setting based on real-time field 
observations. Observers had to work late 
hours and occasionally in adverse conditions 
(e.g., stormy or freezing weather, unpleasant 
and unsafe situations). Although observing the 
environment and completing the instruments 
would take in total 5 to 10 minutes for 
each observation, much time was “lost” on 
moving from one location to the other. We 
therefore felt the need to explore how we 
could optimize the process of data collection. 
More specifically, how could we increase 
efficiency and yet maintain the validity and 
reliability of these newly developed tools. In 
the present chapter we explore the possibility 
of measuring atmosphere—using the tools 
developed in the previous chapters—not 
by direct, real-time observations, but by 
evaluating video recordings.

1.1� Videos�in�observational�research�
Video recordings enable semi-automated data 
collection (i.e., researchers do not have to be 
physically present to make the recordings 
themselves). This allows scientists to study 
human behavior and the environment in an 
unobtrusive manner and supports micro 
and macro-analytic coding through repeated 
reviewing, slowing, speeding, and pausing 
the video which is impossible in real-time 
participatory observations (Paterson, Gehl 
& Svare, 2013; Paterson, Battorff & Hewat, 
2003; Heath & Hindmarsh, 2002; Basil, 2011; 
Morse & Pooler, 2002a). Such video recording 
based strategies can be implemented 
in various settings (i.e., laboratory, built 
environment, as well as public spaces in 
the city) and are used in a broad range of 
disciplines, including ethnography, sociology 
and psychology. For example, the sociologist 
William H. Whyte (2012) studied life on New 

York streets for 16 years, primarily employing 
direct field observations and time-lapse 
recordings of particular locations in the 
city. The time-lapse videos allowed Whyte’s 
team to unobtrusively observe people from 
different angles; to discover spatial and 
temporal patterns in behavior, as well as 
study and map citizens’ relationship with the 
public space. Furthermore, video recordings 
are a particularly advantageous strategy in 
those contexts where direct observations are 
less appropriate or where real-time coding 
introduces too much coding error (Heath & 
Hindmarsh, 2002). For example, Morse and 
Pooler (2002b) used video recordings to 
systematically analyze the interaction patterns 
between nurses, patients and their family in 
a trauma resuscitation room. In Morse and 
Poolers’ (2002b) case, videos aided not only 
in understanding how and where interactions 
unfolded, but also in deriving a coding 
schedule for further, more quantitative, 
analyses (Morse & Pooler, 2002a). Last, video 
based data, in contrast to direct observations, 
are not constrained by time or location – they 
can be (and often are) coded off-line, and 
remain accessible for analyses even years after 
data collection. As such, video recorded data 
also help scientists to study, understand, and 
subsequently model behavioral patterns that 
cannot easily be seen with the naked eye. In 
the field of crowd management, for example, 
videos aid in understanding the dynamics of 
the crowd in different situations and contexts 
(e.g., Johansson & Helbing, 2008; Helbing, 
Johansson & Al-Abideen, 2007; Davies, Yin  
& Velasting, 1995) or help in developing 
automatic algorithms to collect information 
about people’s behavior in public space (Yin 
& Forsyth, 2005). In sum, video recordings 
offer multiple benefits, including the above 
mentioned automation of data collection, 
flexibility in handling and analyzing the data 
(e.g., macro/micro-analytical approach), and 
reduction in coding errors.
At the same time, however, researchers 
have acknowledged that a lack of supporting 
(qualitative) data, such as interviews or 
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real-time observations in the field, in 
some instances may negatively influence 
the interpretation of the results, e.g., 
the actual intentions and reasons behind 
behaviors might remain unknown or, even, 
misinterpreted (Gehl & Svare, 2013; Battorff 
& Hewat, 2003; Heath & Hindmarsh, 2002; 
Dodge, Coie & Brakke, 1982). Such limitations 
must be carefully considered when planning 
studies that rely exclusively on video recorded 
data. Nevertheless, it seems worthwhile 
to explore whether the measurement of 
dynamic changes in the atmosphere on 
Stratumseind can be facilitated by video 
recordings; in particular recordings made by 
the closed circuit television (CCTV) cameras 
already present in the street.

1.2� CCTV�surveillance�cameras
On Stratumseind there are four official CCTV 
cameras that police use to oversee what is 
happening on this street. In the Regional 
Surveillance Office (In Dutch: Regionale 
Toezichtsruimte; RTR) trained control room 
employees surveil the crowds through CCTV 
cameras. They can communicate directly 
with the police Horeca team on duty as well 
as with other emergency services. The four 
CCTV cameras give a good visual overview of 
the most important locations on Stratumseind 
and allow professionals (e.g., police officers) 
to detect abnormalities in crowd behaviors, 
escalations, or other possible threats to 
public safety.
Although CCTV systems are generally used 
for security and policing, they also offer 
opportunities for psychological research. In 
our case, in contrast to having the atmosphere 
assessed by observers in situ, analysis of video 
recordings from the CCTV system may offer a 
more efficient means of measuring changes 
in the atmosphere on Stratumseind as well as 
eliminate any effects that observers’ presence 
might have on the crowd’s behaviors.

1.3� Research�aims
The main aim of the present study was 
to explore whether and to what extent 

atmosphere could be measured when the 
tools developed in the previous chapters are 
applied to CCTV recordings rather than to 
direct observations in the field. To achieve 
this aim, CCTV recordings of Stratumseind 
were coded by experienced coders 
(previously employed in our field studies). 
To explore these tools’ reliability when 
used with video recordings, the inter-rater 
agreement was evaluated. Subsequently, the 
atmosphere dynamics were investigated with 
the tools that appeared to reliably capture 
the atmosphere. This leads to the following 
research questions: 
To what extent can we measure atmosphere 
from CCTV recordings with the measurement 
tools developed in previous chapters? 
How does the medium – video – affect 
the agreement between coders? What 
atmosphere dimensions emerge and can the 
dynamics of the atmosphere still be captured? 

2 Methods
2.1� Design
In the present study, 544 video recordings 
obtained from CCTV cameras on Stratumseind 
were assessed by two independent observers 
using the observation schemes (aimed at 
capturing atmosphere components) and the 
atmosphere appraisal questionnaire used 
in Chapter 5. Both observers had ample 
previous experience with these instruments, 
as they were research assistants during the 
field study described in Chapter 5. Videos 
used in the present study were recorded 
during a total of 24 weekend nights (from 
Thursday evening to Sunday early morning, 
over a period of 8 weeks) between the 28th 
of February and the 14th of June, 2015. As 
such, the time of recording coincided with the 
field study described in Chapter 3.

2.2� Setting�&�Materials
In collaboration with the Eindhoven police 
and RTR, we obtained CCTV recordings from 
each of the four cameras distributed across 
Stratumseind. Each of the four cameras 
pointed at one of the Stratumseind parts: 
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the first part of the long end, the second 
part of the long end, the square, and the 
short end. Thus, unlike in previous chapters 
(except Chapter 3), the little square was 
included in the atmosphere measurements. 
Recordings were made every hour on every 
weekend night and covered one minute per 
hour (similar to the sampling during the 
field observations). Every day and on every 
location, the first recording was made at 
22:15. The last recording was done at 2:15 
on Friday mornings and at 4:15 on Saturday 
and Sunday mornings. In total, we received 
544 one-minute videos. The videos were in 
color, but did not contain an auditory signal. 
In the RTR, videos are presented in a matrix 
of four on a 15-inch screen (see Figure 1 
for an example) but using the SmartClient 
Player software, each separate video could 
also be viewed full screen. While coding, 
our observers were instructed to watch each 
video in full screen 
mode.

2.3� Coders
All videos were coded independently by two 
coders. Three training sessions took place 
prior to the actual coding of the 544 videos to 
help observers get acquainted with the video 
coding protocol, video reviewing software and 

Figure 1: Examples of video material that was coded in present study – a snapshot of Stratumseind crowd recorded at 
the same time, but on the different locations of the street

to identify items in the observation schemes 
and atmosphere appraisal instrument that 
were less suited, or otherwise difficult to use 
when coding videos (e.g., items referring to 
noise could not be assessed).

2.4� Measures�
Each one-minute video was coded using 
the two different tools: The observations 
schemes for quantifying the behavioral and 
environmental components of atmosphere, 
and the atmosphere appraisal questionnaire. 
The tools employed in the present study were 
the same as used in Chapter 5, albeit with 
several adaptations to the content of the 
observations schemes. All the adaptations 
to the content of the tools were made based 
on the results of the training sessions and 
discussion and feedback obtained from 
coders during these sessions. 

2.4.1 Observations:Atmosphere 
components
The observation schemes for assessing the 
components of atmosphere consisted of 
two parts (see also Chapter 5). The first part 
consisted of items tapping into the behavioral 
component. The second part consisted 
of items tapping into the environmental 
component. These are described in detail 
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below. 

Behavioral	component
A behavioral checklist with dichotomous YES/
NO answer options was used to record the 
presence of positive and negative interactions 
between the crowd members (e.g., arguing, 
acting annoying) and between the crowd 
members and their physical surroundings 
(e.g., throwing or kicking objects). The 
checklist contained the same behaviors as 
the one reported in Chapter 5, except for the 
items being angry on the world in general, 
being loud, provoking and shouting (see Table 
1 for the full list of items). These four items 
were excluded from the checklist for this 
particular study, because they were identified 
during the training sessions as being nearly 
impossible to observe and judge from the 
video recordings. 

Environmental	component
The items describing the environmental 
component aimed to capture those 
physical attributes of the environment that 

change over time and might reflect human 
behavior (e.g., crowdedness, broken glass, 
garbage). The items, too, were taken from 
the observation scheme used in Chapter 
5. However, from the training sessions it 
became clear that not all items could be used 
in the present study. Because of the video 
quality, not everything could be observed or 
quantified (e.g., demographics of the crowd, 
noise, weather conditions). Also, for example, 
items such as presence or absence of security 
personnel and police could not be reliably 
observed. The security staff were often 
hidden by the canopies over the terraces, 
and the common spots where police officers 
would stand did not always fall in the viewing 
range of the camera. As a result, only four 
items describing the physical environment 
remained in the present study (see Table 
2). In our final set of items tapping into 
environmental component, ‘amount of glass 
on the street’ and ‘amount of litter on the 
street’ were combined into one single item, ‘ 
amount of glass/litter on the street’.

Arguing Being rude Flirting Kissing Shouting

Being angry at the 
world in general

Bullying someone Helping someone
Patting someone 
friendly

Smiling

Being annoying Chatting Hugging Provoking
Threatening 
someone

Being friendly Dancing
Jumping with 
happiness

Pushing Throwing

Being loud
Fighting/slapping 
someone

Kicking Running Troubling

Table 1:Full list of items tapping into behavioral component with excluded items crossed out
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Table 2: Full list of items tapping into environmental component with excluded items crossed out

Busyness of the terraces Absence of the police Male/Female ratio

Lines at the bar entrances or ATM One police couple Noise

General busyness of the street Two or more police couples Amount of glass on the street

Drunkenness Police horses Amount of litter on the street

Presence of the security Police car Precipitation

2.4.2 Observations: Crowd atmosphere 
appraisal questionnaire (CAAQ)
In the present study we employed the full 
atmosphere appraisal questionnaire that 
was used in Chapter 5. For a more elaborate 
description about the response scales and 
presentation of the atmosphere appraisal 
items see Chapter 5, section 2.3.2. 

2.5� Procedure
The two observers independently coded 
all the videos using a web-based survey. 
Observers were instructed to code each of 
the four videos separately while watching it 
full screen. They were asked to first watch the 
one-minute video, and then fill out the survey 
while the video segment was replayed. In the 
survey, observers were asked to indicate the 
video identification code, its timestamp, and 
the Stratumseind location where the video 
was recorded. 
Out of all 544 videos coded by each observer, 
409 (i.e., 75.2%) could be used in the analyses 
presented in this chapter. The remaining 135 
videos had to be dismissed from the data 
analyses, due to poor video quality (low or 
no visibility), or coding errors which resulted 
in missing data (i.e., the video identification 
number and/or its timestamp were missing 
and could not be traced back), or, in some 
cases, other types of missing data (for 
example coders by mistake skipped some 
videos while coding).

3 Results
3.1� Inter-rater�reliability
To establish the inter-rater reliability between 

the two observers, we calculated ICCs 
for each item in each of the atmosphere 
measures (i.e., the behavioral component, 
the environmental component, and the 
CAAQ. 

3.1.1 Behavioral component
For the behavioral component, all intra class 
correlation coefficients (ICCs) were low, 
r < .40 (most even very low, see Table 3), 
indicating poor to non-agreement (based 
on the guidelines by Cicchetti, 1994). Due 
to this lack of agreement, it is impossible to 
calculate a reliable single average score for 
the behavioral items, and thus to conduct 
further analyses (i.e., scale construction, 
explorations of dynamics in the behavioral 
component of atmosphere). Therefore, we 
had to decide to refrain from further analyses 
on the performance of the observation 
scheme intended to capture the behavioral 
component.  

3.1.2 Environmental components
For the environmental component, we again 
saw that all intra class correlation coefficients 
(ICCs) were low, r < .40 (see Table 4), indicating 
poor agreement (based on the guidelines by 
Cicchetti, 1994). Therefore, just like in the 
case of the behavioral component above, 
we had to discard any further analyses on 
the performance of the observation scheme 
intended to capture the environmental 
component.

3.1.3 Atmosphere appraisal 
All atmosphere appraisal questionnaire items 
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had fair to excellent inter-rater agreement, 
r > .40 (see Table 5), except for aggressive, 
fearful, relaxed and welcoming. After 
discarding these four items, we averaged 
the ratings of the two observes into single 
item scores for each of the 409 atmosphere 
observations. In contrast to the atmosphere 
appraisal analysis in previous chapters and 
to maintain sufficient items in the analysis 
we also included terms with fair inter-rater 
agreement (.40 > r > .60) (appealing, boring, 
festive, inviting, oppressive, pleasant, and 
tense).

3.2� Identifying�atmosphere�dimensions 
Since the majority of items of the atmosphere 
appraisal instrument showed sufficient 
inter-rater reliability (except for the terms 
aggressive, fearful, relaxed and welcoming), 
we investigated the dimensional structure of 

Table 3:ICC of items tapping into behavioral atmosphere component used in present study

Arguing .09 Chatting .08 Hugging .25 Pushing -.03

Being annoying -.01 Dancing .08
Jumping with 
happiness

.14 Running .19

Being friendly -.21
Fighting/slapping 
someone

-.01 Kicking -.02 Smiling .14

Being rude .30 Flirting .16 Kissing -.08 Threatening someone .00

Bullying someone -.01 Helping someone .02
Patting someone 
friendly

.15 Throwing -.01

Troubling .00

Table 4: ICC of items tapping into behavioral component used in present study

Busyness of the terraces .31 General busyness of the street .24

Drunkenness .15 Amount of glass/litter on the street .35

Table 5: ICC of all terms of atmosphere appraisal questionnaire used in present study

these appraisals. Based on findings presented 
in Chapter 5, we expected to extract 
three factors covering the same liveliness, 
pleasantness and tenseness dimensions of 
atmosphere as we saw emerge there.
First, we present the correlation table of all 
items that had acceptable ICC values (r > 
.40). Responses to all adjectives correlated 
with at least one other term with r > .30. 
Subsequently, we conducted an exploratory 
factor analysis using the principle factor 
(PCF) method. Oblique rotation (i.e., 
direct Oblimin) was applied to simplify the 
component loading matrix, while allowing for 
any naturally occurring correlations between 
the extracted components.
The Kaiser-Meyer-Olkin Measure of sampling 
adequacy produced an overall score of 0.94, 
which indicates excellent sampling adequacy. 
The scores of individual items ranged from 

Aggressive -.04 Festive .58* Pleasant .44*

Appealing .60* Happy .70* Relaxed .03

Boring .46* Inviting .43* Stimulating .85*

Cheerful .76* Irritating .62* Tense .59*

Exciting .74* Lively .72* Tiring .74*

Fearful -.03 Oppressive .51* Welcoming .04

*items with acceptable ICC values (i.e., ICC ≥ .40)
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0.71-0.97. After running the first analyses, 
Kaiser’s criterion suggested the existence 
of two factors, and none of the items had 
communalities lower than 0.45. There were 
also no extreme cross-loadings. Therefore two 
factors were extracted using the regression 
scoring method. After oblique rotation, 
factors explained 56.85% and 21.08% of 
variance respectively, together accounting 
for 77.93% of the total variance. Factor 
loadings are presented in Table 7. Based 
on these loadings, similarly as in Chapter 4, 
the two dimensions were labeled: vCAAQ 
pleasant liveliness (as the most salient items 
were stimulating, cheerful, happy, exciting, 
lively and festive) and vCAAQ tenseness (as 
the most salient items were irritating, tiring, 
oppressive and tense). We use v in front 
of CAAQ abbreviation to indicate that the 
questionnaire was applied to code video 
recordings. Scores on these two dimension 
were found to be independent of each other, 
with rho = .01, and p >.88.

3.3� Atmosphere�dynamics
In this section we present how well the above-
defined atmosphere dimensions capture the 
dynamics in atmosphere over time and across 
Stratumseind locations. As an example, 
we present the values of vCAAQ pleasant 

Table 6: Pearson’s correlations between items of the atmosphere appraisal questionnaire
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stimulating 1.00

appealing .71* 1.00

cheerful .89* .74* 1.00

inviting .73* .86* .76* 1.00

happy .87* .77* .88* .77* 1.00

exciting .90* .72* .88* .74* .88* 1.00

pleasant .67* .86* .71* .84* .76* .67* 1.00

lively .90* .65* .83* .66* .82* .86* .60* 1.00

festive .85* .72* .85* .72* .83* .87* .67* .85* 1.00

boring -.84* -.73* -.80* -.73* -.79* -.83* -.65* -.81* -.81* 1.00

oppressive .21* -.08 .11 -.03 .11 .20* -.14* .28* .17* -.16* 1.00

tiring .22* -.20* .19* -.21* .13 .24* -.25* .29* .21* -.16* .39* 1.00

irritating .34* -.09 .26* -.07 .22* .33* -.14* .41* .28* -.25* .41* .64* 1.00

tense .10* -.07 .05 -.08 .02 .10 -.15* .17* .13 -.11 .27* .28* .42* 1.00
*  significant correlations at the .01 level

Table 7: Factor loadings on two atmosphere dimensions 
discovered in present study

Term
vCAAQ pleasant 

liveliness
vCAAQ tenseness

stimulating .93 -

appealing .86 -.32

cheerful .93 -

inviting .87 -.31

happy .93 -

exciting .92 -

pleasant .82 -.42

lively .89 -

festive .90 -

boring -.85 -

Oppressive - .74

tiring - .81

irritating - .87

tense - .67
NOTE: Coefficients lower than .30 are left blank

liveliness and vCAAQ tenseness variables 
across one representative day – Saturday 
21st of March, 2015 – in Figure 1. This figure 
illustrates the data across all street locations. 
We see that pleasant liveliness gradually 
increased until 1:00AM in the morning (much 
like CAAQ liveliness in Chapter 5) and then 
dropped sharply in the last hours of the night 
(much like CAAQ pleasantness in Chapter 5), 
whereas tenseness did not change much in 
the first three hours of the night, however 
began to increase after 1:00AM (quite like 
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CAAQ tenseness in Chapter 5). 
As before, we expected to see variation 
across different weekend nights, across the 
night hours and across different locations 
on Stratumseind. We first explored the 
distributions of each variable. The vCAAQ 
pleasant liveliness dimension of atmosphere 
appraisals was found to meet the normality 

Figure 2: Atmosphere dynamics across night hours of a representative night on Stratumseind
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assumption necessary for ANOVA (Shapiro-
Wilk, W = .97, p < .01), whereas vCAAQ 
tenseness did not (Shapiro-Wilk, W = .72, p 
< .01). In addition, and as in Chapters 5 and 
6, the vCAAQ tenseness indicator appeared 
to be a special case. In the histogram (Figure 
3) we can see that the majority of observed 
atmospheres fall on the low end of the 

Figure 3: vCAAQ tenseness histogram with cutoff point at 75% indicated with red bar
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vCAAQ tenseness dimension. The regular 
atmosphere on Stratumseind thus is low on 
tenseness. Only a relatively small proportion 
of instances fall on the high end of the vCAAQ 
tenseness dimension. In other words, tense 
atmospheres do occur, but only infrequently. 
As in previous chapters, the original vCAAQ 
tenseness scores were transformed into 
a dichotomous variable with 75% of the 
data as a cutoff point: the 75% least tense 
atmospheres were coded as not being tense 
(n=307) and the others as tense (n=102). The 
75% cut off point was chosen as a rule of 
thumb based on findings in previous chapters. 
Subsequently, we used one-way ANOVA to 
explore the dynamics in the vCAAQ pleasant 
liveliness dimension, while chi-square tests 
were used to explore the dynamics in the now 
dichotomous vCAAQ tenseness dimension of 
atmosphere.

3.3.1 Dynamics across weekdays
The results of a one-way ANOVA indicated that 
at least one pair of weekend nights differed 
significantly in vCAAQ pleasant liveliness 
levels with F(2,406)=5.54, p<.01, and η2 = 
.03 (see Figure 4 for means). Tukey post-
hoc comparisons revealed that Thursdays 
(M = -0.26, SE = 0.09) were significantly less 
pleasant/lively than both Fridays (M = 0.06, 
SE = 0.08), with p < .05, and Saturdays (M 
= 0.14, SE = 0.08), with p < .01. Unlike in 
Chapter 5, levels of vCAAQ pleasant liveliness 
on Fridays and Saturdays did not differ to a 
statistically significant extent, with p = .75. 
Overall, however, this pattern of change in 
vCAAQ pleasant liveliness is quite similar to 
that of CAAQ liveliness observed in Chapter 
5 (see Figure 4) and what we expected based 
on conclusions about atmosphere dynamics 

in Chapter 2. It is important to note that 
comparisons between dimensions extracted 
in the present chapter and in Chapter 5 have 
to be made with care, as data in Chapter 5 
was collected in 2017, while data in the 
present chapter are from video recordings 
made in 2015.
The Pearson’s chi-square test indicated 
significant differences in the frequency of 
tense atmospheres across weekdays, with 
χ2(2)=36.71, and p < .01 (see Figure 4). 
Fisher’s exact test indicated that Thursdays 
had significantly less tense atmosphere 
situations than both Fridays (p < .01) and 
Saturdays (p < .01). Fridays and Saturdays 
did not differ significantly in the ratio of 
tense to non-tense atmospheres (p = .05). 
The contingency table of vCAAQ tenseness’ 
frequency distribution across weekdays is 
presented in Table 8. Overall, this pattern of 
change in vCAAQ tenseness is similar to CAAQ 
tenseness observed in Chapter 5 (see Figure 
4), and to what we expected based on 
conclusions about atmosphere dynamics in 
Chapter 2. 

3.3.2 Dynamics across street locations
In this section we compare the atmospheres 
as observed on the four different locations 
of Stratumseind: Long end I, Long end II, 
Square, and Short end. The results of a one 
way ANOVA indicated that at least one pair of 
street locations differed significantly in vCAAQ 
pleasant liveliness levels with F(3,405)=14.82, 
p<.01, and η2 = .10 (see Figure 5 for means). 
Tukey post-hoc comparisons revealed that 
the Square (M = -0.49, SE = 0.12) and the 
Short end (M = -0.28, SE = 0.09) were both on 
average significantly less pleasant/lively than 
both Long end I (M = 0.23, SE = 0.08) and Long 

vCAAQ tenseness Thursday Friday Saturday Total

not tense 106 114 87 307

tense 6 42 54 6

Total 112 156 141 409

Table 8: cCAAQ tenseness distribution across weekdays
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end II (M = 0.31, SE = 0.09), with p ≤ .01. We 
did not find a statistically significant difference 
in the average vCAAQ pleasant liveliness of 
atmospheres between both long ends of 
Stratumseind, nor between the Square and 
the Short end, with p ≥.53. This pattern of 
change in vCAAQ pleasant liveliness across 
street locations is very similar to the pattern 
of change of CAAQ pleasantness observed in 
Chapter 5 (see Figure 5), with data collected 
in 2017 through the field observations. (Note: 
in the field study presented in Chapter 5, 
the square was excluded as a location for 
observations). 
The Pearson’s chi-square test indicated 
no significant differences in the relative 
frequency of tense instances across 
Stratumseind locations, with χ2(3)=5.14, and 
p = .16 (see Table 9 for frequencies and Figure 
5 for proportion of tense instances across 
street locations). This was also the case with 
dynamics of the CAAQ tenseness dimension 
in Chapter 5 (see Figure 5). 

3.3.3 Dynamics across time of the night
Since we know that every weekend night on 
Stratumseind differs in, amongst other things, 
the size and demographics of the crowd, we 
analyzed, just as in previous chapters, the 
dynamics in atmosphere across the night 
hours separately for each weekend night. 
For Thursdays, the results of a one-way 
ANOVA indicated significant changes in 
vCAAQ pleasant liveliness throughout the 
night hours, with F(3, 108) = 24.91, p < .01, 
and η2=0.41 (see Figure 6). Overall Tukey 
post-hoc analyses indicated a significant 
increase in vCAAQ pleasant liveliness between 
the beginning of the night and after midnight 
(see Table 10). This pattern of change in 
vCAAQ pleasant liveliness across Thursday 
night hours is similar to that observed for 
CAAQ liveliness in Chapter 5 (see Figure 5), 
with data collected in 2017 through the field 
observations, although we do not observe 
such sharp drops in liveliness in the present 
study as compared to the decrease in 
liveliness and pleasantness in the last hours 

vCAAQ tenseness Long end I Long end II Square Short end Total

not tense 98 70 49 90 307

tense 32 34 13 23 102

Total 130 104 62 113 409

Table 9: cCAAQ tenseness distribution across Stratumseind locations

Contrast SE t p
23:00-23:59 vs 22:00-22:59 0.59 0.21 2.69 .04
00:00-00:59 vs 22:00-22:59 1.69 0.22 7.57 .00
01:00-01:59 vs 22:00-22:59 1.47 0.22 6.62 .00
00:00-00:59 vs 23:00-23:59 1.10 0.22 4.97 .00
01:00-01:59 vs 23:00-23:59 0.88 0.22 3.99 .00
01:00-01:59 vs 00:00-00:59 -0.22 0.22 -1.01 .75

Thursday night vCAAQ pleasant liveliness

Table 10: Results of Tukey’s post hoc analyses investigating the dynamics of vCAAQ pleasant liveliness across Thursday 
night hours

Table 11: vCAAQ tenseness distribution across Thursday night hours

vCAAQ tenseness 22:00-22:59 23:00-23:59 00:00-00:59 01:00-01:59 Total

not tense 28 29 25 24 106

tense 0 0 2 4 6

Total 28 29 27 28 112
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of the night found in Chapter 5.
Just like in the CAAQ tenseness data analyzed 
in Chapter 5, for Thursdays, the Pearson’s chi-
square test indicated no significant changes in 
the relative frequency of tense atmospheres 
across night hours, with χ2(3)=7.85, and p = 
.05 (see Table 11 for the frequency of tense 
and non-tense atmospheres and Figure 6 for 
the proportion of tense instances across night 
hour). Although, interestingly, the pattern of 
change in tenseness observed in the present 
study is more in line with our expectations, 
as vCAAQ tenseness in general increases 
towards the end of the night.
For Fridays the results of a one-way ANOVA 
indicated significant changes in vCAAQ 
pleasant liveliness throughout the night 
hours, with F(5, 150) = 35.05, p < .01 η2=0.54 

(see Figure 7). Overall, Tukey post-hoc 
analyses indicated that liveliness increased 
significantly till about 2:00 or 3:00 AM and 
then dropped significantly in the remaining 
hour that the bars were open; see Table 
12. Here, the pattern of change in vCAAQ 
pleasant liveliness across Friday night hours 
is quite similar to both CAAQ liveliness and 
CAAQ pleasantness dimensions as observed 
in Chapter 5 (see Figure 7). 
For Fridays, the Pearson’s chi-square test 
indicated significant changes in the relative 
frequency of tense atmospheres across 
night hours, with χ2(5) = 83.97, p < .01 (see 
Figure 7). Post-hoc analyses using Fisher’s 
exact test indicate a significant increase in 
the amount of tense instances after midnight 
, p ≤ .01. This was not observed in CAAQ 

Contrast SE t p

23:00-23:59 vs 22:00-22:59 0.42 0.17 2.44 .15

00:00-00:59 vs 22:00-22:60 1.07 0.18 5.92 .00

01:00-01:59 vs 22:00-22:61 1.58 0.18 8.66 .00

02:00-02:59 vs 22:00-22:62 1.91 0.18 10.85 .00

03:00-03:59 vs 22:00-22:59 0.38 0.18 2.09 .30

00:00-00:59 vs 23:00-23:59 0.65 0.18 3.64 .01

01:00-01:59 vs 23:00-23:59 1.16 0.18 6.43 .00

02:00-02:59 vs 23:00-23:59 1.50 0.18 8.56 .00

03:00-03:59 vs 23:00-23:59 -0.04 0.19 -0.22 .99

01:00-01:59 vs 00:00-00:59 0.51 0.18 2.69 .08

02:00-02:59 vs 00:00-00:59 0.85 0.19 4.59 .00

03:00-03:59 vs 00:00-00:59 -0.69 0.19 -3.66 .00

02:00-02:59 vs 01:00-01:59 0.35 0.19 1.79 .48

03:00-03:59 vs 01:00-01:59 -1.20 1.19 -6.31 .00

03:00-03:59 vs 02:00-02:59 -1.54 0.19 -8.31 .00

Friday night vCAAQ pleasant liveliness

Table 12: Results of Tukey’s post hoc analyses investigating the dynamics of vCAAQ pleasant liveliness across Friday 
night hours

Table 13: vCAAQ tenseness distribution across Friday night hours
vCAAQ 

tenseness
22:00-22:59 23:00-23:59 00:00-00:59 01:00-01:59 02:00-02:59 03:00-03:59 Total

not tense 29 29 23 18 13 2 114

tense 0 1 1 5 13 22 42

Total 29 30 24 23 26 24 156
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tenseness data collected in the field study in 
2017 and described in Chapter 5 (see Figure 
7). The distribution of tense and not tense 
atmospheres across Friday night hours is 
presented in Table 13.
Finally, for Saturdays, the results of a one-
way ANOVA indicated significant changes in 
vCAAQ pleasant liveliness throughout the 
night hours, with F(5, 135) = 64.56, p < .01 
η2=0.71 (see Figure 8). Overall, Tukey post-
hoc analyses indicated that vCAAQ pleasant 
liveliness increased significantly towards 
midnight and then dropped significantly in 
the last hour that the bars were open (see 
Table 14). Again, the pattern of change in 
vCAAQ pleasant liveliness across Saturday 

night hours is very similar to changes of 
CAAQ liveliness (especially up to 3AM) and 
CAAQ pleasantness (in the last hour of the 
night) observed in Chapter 5 (see Figure 8), 
with data collected in 2017 through the field 
observations. 
For Saturdays, the Pearson’s chi-square test 
indicated significant changes in the relative 
frequency of tense atmospheres across night 
hours, with χ2(5) = 93.26, p ≤ .01 (see Table 15 
and Figure 8). Post-hoc analyses using Fisher’s 
exact test indicate a significant increase in 
tense instances after 01:00 in the morning.  
These results are also similar to dynamics in 
CAAQ tenseness observed in Chapter 5 (see 
Figure 8).

Table 14: Results of Tukey’s post hoc analyses investigating the dynamics of vCAAQ pleasant liveliness across Saturday 
night hours

Contrast SE t p

23:00-23:59 vs 22:00-22:59 0.92 0.15 5.94 .00

00:00-00:59 vs 22:00-22:60 1.78 0.16 11.45 .00

01:00-01:59 vs 22:00-22:61 2.32 0.16 14.59 .00

02:00-02:59 vs 22:00-22:62 2.01 0.16 12.61 .00

03:00-03:59 vs 22:00-22:59 0.64 0.16 4.12 .00

00:00-00:59 vs 23:00-23:59 0.87 0.15 5.63 .00

01:00-01:59 vs 23:00-23:59 1.41 0.16 8.92 .00

02:00-02:59 vs 23:00-23:59 1.09 0.16 6.92 .00

03:00-03:59 vs 23:00-23:59 -0.27 0.15 -1.78 .48

01:00-01:59 vs 00:00-00:59 0.54 0.16 3.38 .01

02:00-02:59 vs 00:00-00:59 0.22 0.16 1.41 .72

03:00-03:59 vs 00:00-00:59 -1.14 0.16 -7.33 .00

02:00-02:59 vs 01:00-01:59 -0.31 0.17 -1.93 .39

03:00-03:59 vs 01:00-01:59 -1.68 0.16 -10.56 .00

03:00-03:59 vs 02:00-02:59 -1.37 0.16 -8.58 .00

vCAAQ pleasant livelinessSaturday night

Table 15: vCAAQ tenseness distribution across Saturday night hours
vCAAQ 

tenseness
22:00-22:59 23:00-23:59 00:00-00:59 01:00-01:59 02:00-02:59 03:00-03:59 Total

not tense 24 24 23 11 5 0 87

tense 0 1 1 11 17 24 54

Total 24 25 24 22 22 24 141
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Figure 4 : Means of vCAAQ pleasant liveliness with SE error bars (2015), means of CAAQ liveliness (Chapter5, 2017), 
and medians of CAAQ pleasantness (Chapter5, 2017) (above), and proportion of tense instances of vCAAQ tenseness 
(2015) and CAAQ tenseness (Chapter 5, 2017) (below) across weekend nights



7

194

-0.80

-0.60

-0.40

-0.20

0.00

0.20

0.40

0.60

Long end I Long end II Square Short end

vCAAQ	pleasant	liveliness	(mean)

CAAQ	liveliness	 (mean)

CAAQ	pleasantness	(median)

0.25

0.33

0.21 0.20

0.30

0.23

0.27

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

Long end I Long end II Square Short end

vCAAQ	tenseness

CAAQ	tenseness

Figure 5: Means of vCAAQ pleasant liveliness with SE error bars (2015), means of CAAQ liveliness (Chapter5, 2017), and 
medians of CAAQ pleasantness (Chapter5, 2017) (above), and proportion of tense instances of vCAAQ tenseness (2015) 
and CAAQ tenseness (Chapter 5, 2017) (below) across street locations
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Figure 6: Means of vCAAQ pleasant liveliness with SE error bars (2015), means of CAAQ liveliness (Chapter5, 2017), and 
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Figure 7: Means of vCAAQ pleasant liveliness with SE error bars (2015, means of CAAQ liveliness (Chapter5,2017), and 
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4 Discussion
Although our field studies reported in 
previous chapters were extremely insightful 
and allowed us to design and test tools to 
measure atmosphere, the data collection 
processes appeared to be extremely 
resource-intensive (i.e., hours, money, safety 
issues). To investigate possibilities to optimize 
our data collection process, in the present 
chapter we explored whether videos could 
be used to effectively capture atmosphere 
dynamics on Stratumseind. For this purpose, 
we applied our atmosphere measurement 
tools to video recordings of Stratumseind as 
made by the available CCTV cameras. After 
analyzing the data, we found that neither 
the environmental nor the behavioral 
component of atmosphere could be reliably 
captured from video imagery. In contrast, the 
atmosphere appraisal instrument performed 
reasonably well and revealed two distinct 
atmosphere dimensions: pleasant liveliness 
and tenseness. The first dimension appears to 
be a merger of the liveliness and pleasantness 
dimensions found in Chapter 5 and showed 
dynamic patterns that sometimes aligned 
with the one, and sometimes the other. These 
atmosphere appraisals did reveal differences 
and dynamics in atmospheres across 
weekday, Stratumseind locations, and over 
time. We can thus conclude that atmosphere 
appraisals can be measured indirectly, 
through CCTV video recordings rather than 
on site, be it that the videos did not allow 
a strong distinction between liveliness and 
pleasantness. In the following paragraphs we 
will discuss our findings in detail and outline 
the limitations of our work as well as possible 
lines for future research. 

4.1� Reliability� of� video� recordings�
when�judging�the�atmosphere�
In order to explore whether video 
materials could be used to reliably measure 
atmosphere in comparison to the real-time 
field observations, we asked two observers 
to independently code all the videos. We 
learned that despite several training sessions, 

we did not manage to achieve acceptable 
inter-rater agreement on the more objective 
measures of atmosphere with items 
describing aspects of the environmental and 
behavioral components of atmosphere. 
Both observation schemes to capture 
behavioral and environmental components 
ask observers to quantify certain aspects 
of the physical environment (e.g., broken 
glass on the ground) or to note if a certain 
behavior is observed (e.g., smiling, running). 
Agreement is achieved when both observers 
evaluate these different aspects of the 
environment similarly. Already in the training 
sessions we noted that quite a few items had 
to be eliminated from the original observation 
schemes as they were hard (or impossible) 
to judge from the video recordings (e.g., 
noise levels, being loud, shouting). There 
are several reasons for why this was the 
case. First, the CCTV videos do not contain 
sound, and thus auditory contextual cues 
were unavailable to the observers. Second, 
CCTV cameras have a restricted field of view 
and limited image quality. In other words, 
although the recorded pictures offered a 
good overview over parts of Stratumseind 
and even a zoom option, it might still have 
been difficult to obtain the amount of detail 
necessary to evaluate certain aspects of 
the physical and social environment (i.e., it 
turned out impossible to see the amount of 
broken glass or individual facial expressions). 
Lack of contextual cues (i.e., sound and 
context behind the camera) and video quality 
(providing an overview rather than detailed 
views) might have affected the interpretation 
of certain behaviors (i.e., arguing, chatting, 
jumping with happiness) and thus the 
consistency with which they were observed. 
Similarly, the lack of overall quality and detail 
may have also affected the evaluation of 
drunkenness levels of the crowd (for which 
speech and detailed facial expressions are 
crucial), and coders’ ability to judge the exact 
amount of litter and/or glass on the street. 
Taken together, these limitations of the video-
recorded data may explain the low agreement 
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rates in items tapping into environmental and 
behavioral components.
These limitations of the video recordings 
themselves, however, cannot readily explain 
why items evaluating the busyness of 
Stratumseind did not perform well, as the 
cameras gave a relatively good overview 
of the density of the crowd. Here we could 
speculate that the concept of busyness, for 
our trained observers, represents more than 
just the density of people at a given moment. 
In, for example, Chapter 5 (section 3.2.1), 
the items Busyness of the terraces, General 
busyness of the street, and Noise correlated 
strongly and significantly, suggesting possible 
relationships between these variables. In 
addition, in previous chapters we saw that OB 
bustle, as one of the factors describing the 
environmental component, represents more 
than just the density of the crowd. Based on 
the items loading on this factor (i.e., noise 
levels, amount of garbage) we could argue 
that busyness may also represent (traces 
of) certain behaviors of the people (being 
loud, dropping litter, etc.). In line with this, 
observers’ perception of busyness is equally 
affected by those contextual and auditory 
cues that were lacking in the video recordings. 
Since the observation schemes used in the 
present study were carefully developed for 
real-time field observations rather than for 
videos specifically (as, for example, in the 
study by Morse & Pooler, 2002a, 2002b), 
it would be interesting to explore whether 
observation schemes specially tailored to the 
coding of videos would perform better. This 
would require the observation schemes to be 
revised by redefining and adjusting the items 
based on the information that is available in 
the video recordings.
In contrast to the behavioral and environmental 
components, low inter-rater agreement was 
not an issue with the atmosphere appraisals 
instrument. Our results suggest that video 
recordings could be used to reliably judge the 
atmosphere with CAAQ – a more experiential 
way of measuring atmosphere. This could be, 
because the nature of CAAQ is more holistic. 

Atmosphere appraisals encompass several 
aspects of the atmosphere that by now we 
know are difficult to disentangle. This tool, 
thus, takes into account moods, behaviors 
and environment simultaneously, therefore 
allowing raters to do an overall judgement 
about the atmosphere as compared 
to quantified measures of the physical 
environment and behaviors. It relies relatively 
more on subjective judgement, and does not 
require the observers to quantify what they 
see, but rather evaluate it in a more semantic 
manner and compensate for the earlier 
mentioned limitations of video recordings. 
In the present case, it seems that coders 
were able to judge the atmosphere from the 
videos, suggesting that with this tool, video 
recordings do provide a viable alternative to 
in situ observations.  
With the CAAQ, we extracted two distinct 
dimensions of the atmosphere: pleasant 
liveliness and tenseness. The factor analysis, 
however, did not separate the pleasantness 
and liveliness dimensions that emerged 
in Chapter 5. This third dimension was 
previously mainly constructed from the items 
pleasant, welcoming, relaxed and appealing. 
Two of these items – welcoming and relaxed 
– had to be discarded from factor analyses in 
the present study, as they showed insufficient 
inter-rater agreement. The absence of 
these terms in the final analyses might have 
influenced the emergence of only two final 
atmosphere dimensions in the present 
study. This also explains why the present 
pleasant liveliness dimension, in terms of 
dynamics, sometimes behaved like liveliness 
and sometimes like pleasantness. All in all, 
more research is needed to investigate how 
important each of these three dimensions is 
in predicting the occurrence of aggression. 
In the present study, although the observed 
changes in the atmosphere cannot be directly 
compared to those in Chapter 5 (as the two 
sets of data were collected two years apart 
from each other), we can still see that on 
average fluctuations in pleasant liveliness 
as well as tenseness are somewhat similar 
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in both studies. Especially relevant for us is, 
perhaps, the inversed behaviors of pleasant 
liveliness and tenseness (i.e., increase in 
tenseness, while the pleasant liveliness 
drops), observed, for example, in dynamics 
across weekdays, and the last hours of Friday 
and Saturday nights. In Chapter 5 we argued 
that such decrease in pleasantness and 
increase in tenseness, accompanied by high 
crowd activity levels could indicate higher 
likelihood of escalations and aggressive 
behavior. Although, yet again, we are not 
able to establish such a relationship, these 
patterns observed in the present study align 
with our expectations based on findings 
reported in Chapter 2. There, too we found 
that the likelihood of asocial behaviors, 
escalations and aggression increases from 
Thursday to Saturday nights, and within the 
last hours of the night for each weekend night 
separately. As a result, based on the results 
of present study, we can conclude that even 
one-minute hourly videos provide enough 
information to capture atmosphere dynamics 
with the atmosphere appraisal questionnaire. 
The minor differences that we observe in the 
dynamics of atmosphere dimensions found 
in the present study (coding videos recorded 
in 2015) and those reported in Chapter 5 
(data collected in 2017), might be attributed 
to general changes on Stratumseind (e.g., 
changes in municipality policies, new bars 
opening, etc.). These changes are natural for 
urban environments, such as Stratumseind, 
and might have direct or indirect influence on 
atmosphere.

4.2� General�reflections�and�limitations
Coding of video recordings of course still 
takes time and requires person-power, yet 
it offers multiple benefits over in-situ field 
observations. First, analyzing video recording 
did prove to be more time efficient. To 
measure atmosphere during the same period 
of time as covered in the present study in the 
field, would have taken at least 128 hours 
of real-time observations. In contrast, in the 
present study only approximately 8.5 hours 

of video material had to be coded, which took 
approximately 40 to 50 hours per observer. 
In addition, our research assistants were 
able to work during ‘normal’ working hours 
(compared to the night shift work of having 
to do in situ observations on Stratumseind). 
This reduces possible effects of fatigue and 
sleepiness on the data collection. Similarly, 
our observers were not exposed to any 
other adverse conditions (i.e., extreme 
weather conditions, asocial behaviors of 
the Stratumseind crowd) that may have 
affected negatively the quality of their work. 
Furthermore, videos ensured that both 
observers coded/evaluated exactly the same 
atmosphere as they were working on exactly 
the same video materials. In addition, video 
recordings at least to some extent enable 
‘blind’ coding regarding lighting manipulation, 
since changes in general street lighting cannot 
be easily observed in these videos. This would 
be virtually impossible in the field. Last, the 
fact that observers were not in the field when 
evaluating the atmosphere, eliminated the 
possibility that their presence could have 
influenced the behaviors of the crowd on 
Stratumseind, thus making the present study 
unobtrusive. Surprisingly though, neither 
the fact that both observers were looking at 
the exact same footage (in contrast to field 
observations), nor the fact that they could 
slow down and replay the segments seems to 
have improved the quality of the scoring – at 
least not in terms of interrater reliability.
Nevertheless, video-based observations, 
of course, have their own limitations. First, 
based on our results we can conclude that 
suitability of videos to be used in assessment 
of atmosphere also depends on the tool used 
to capture atmosphere. In our case, we saw 
that tools designed to measure atmosphere 
components were not suitable to capture 
atmosphere while coding video recordings. 
Second, the videos of Stratumseind were 
recorded from a certain angle and only 
on certain times of the night. As a result, 
just like during direct field observations in 
previous studies, we do not know what was 
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happening on Stratumseind during the rest 
of the time and in locations outside the 
reach of cameras. According to Paterson and 
colleagues (2003) this is one of the possible 
limitations of video based observations, 
as in video recordings the phenomenon 
of interest – in our case atmosphere – is 
represented selectively. Paterson et al. 
(2003) suggest that this could be overcome 
by combining video based observations with 
field observations. The latter could aid in 
deciding the optimum times when recordings 
should be made and help in recognizing the 
possible important confounds that cannot 
be observed via videos; field observations 
can also help observers to sensitize with 
the context and aid in the interpretation of 
video materials. In our case, both observers 
where experienced in the fieldwork. Thus we 
hope that this limitation was overcome at 
least to some extent. Yet, another possible 
limitation of video based studies is validation 
of the measurements made by only reviewing 
video materials (Paterson, Battorff & Hewat, 
2003). Indeed, in the present study we had no 
other atmosphere measurements (e.g., field 
evaluations of the atmosphere using tools 
tested in the present study) that could aid in 
validating our current findings. As mentioned 
in the previous paragraph, we could align 
our results with our expectations based on 
Chapter 2 and, to some extent, compare how 
fluctuations in the atmosphere measures 
discovered in the present chapter compare to 
those from the field study reported in Chapter 
5. Latter, however has to be interpreted with 
care, since atmosphere measures performed 
in this study were using videos recorded in 
2015, while the study reported in Chapter 
5 took place in 2017. In the future, thus, it 
would be interesting to set up a validation 
study where field observations and video 
based observations of atmosphere using the 
tools developed in the present thesis are 
combined. 
To conclude, this explorative study suggests 
that video recordings offer a potential to be 
used to capture atmosphere with the tools 

designed in present theses. However more 
work is needed in validating and enhancing 
the performance of these tools.
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In this last part of my intermezzos initially 
I intended to objectively reflect on the 
expectations that were there at the beginning 
of the project, discuss the ups and downs 
that we had throughout the past four years 
and reflect on the final results in light of 
the collaboration with partners of the De-
escalate. So I wrote a piece of text a couple 
of weeks ago, yet, definitely and LUCKILY that 
piece of text is not what you are reading now. 
And although I am rather tired from writing 
my dissertation by now, I by no means regret 
I got a chance to rewrite this piece. I will now 
tell you why. 
During the first feedback session – after 
my supervisors had read the first version 
of ‘Reflections on De-escalate’ – I felt so 
ashamed that the only thing I wanted, was to 
disappear into some deep sinkhole together 
with all thesis of mine. I was ashamed, 
because I realized that I did exactly the 
opposite of what I was supposed to do and, 
most importantly, what I find very important 
in general in life (including research). 
Instead of taking a few steps back and trying 
to virtually walk in other people’s shoes and 
reflecting, although from my point of view, 
still as objectively and empathically as I can, I 
stayed standing in my spot. And mainly ruled 
by emotions and, perhaps, exhaustion to 
some extent, I vented my feelings about what 
I thought were my balanced reflections on 
De-escalate set up, progress and results. But, 
now, I can tell you that although some parts of 
it, perhaps, were my honest observations as 
a young and inexperienced researcher, a lot 
of what was there were biased perceptions 
by a person who didn’t put enough effort to 
understand others’ point of view. I know I don’t 
have to confess this all to you, but I thought, 
as it taught me yet another valuable lesson, 
it will help you, the reader, to also better 
understand how difficult sometimes it may be 
to work in such a complex project, involving 
many parties, but also unique individuals. And 
how we all should always try to not forget to 
take a few steps back and reflect. Thus, I hope 
this version of my reflections will be more 

objective and insightful than the previous one 
that you did not get to read. 

UNFOLDING OF AND REFLECTING ON 
DE-ESCALATE 
De-escalate was set up as a triple-helix project, 
which means that it was a collaboration 
between government institutions (in our case 
the municipality of Eindhoven), academia 
(Eindhoven university of technology) and 
business/industry partners (Philips). To add 
to the agility and functionality – and, in 
hindsight, also the complexity – of the project 
team, the municipality was represented by 
the department of public safety, that of public 
lighting and maintenance, and the Living Lab 
Stratumseind 2.0 project team. And we also 
had on board DITSS and Polyground, two 
parties closely connected to, though not part 
of the municipality. DITSS is an innovation 
platform set up by government, educational 
institutions and companies to explore and 
resolve security issues; Polyground – currently 
called Stad & Co, was a public relations 
organization representing and connecting 
to all the bars on Stratumseind. Last, we 
quickly, but only after we had already started, 
realized that we were missing one important 
partner at the table: the police. So they too 
were included in the project team, be it a bit 
late and only informally. In this section of my 
blog, I will reflect on the set up of the project 
and the collaboration processes based on my 
experience throughout the project from my – 
researcher’s – perspective. 

At� the� table:� Introduction� to� the� project�
partners�and�project�goals�
In 2014 February I began my PhD journey. The 
first two months were filled with exploring 
the project proposal and expectations of 
my supervisors, digging into the literature 
and planning my own take on De-escalate 
Stratumseind. The first questions that arose 
in my head based on what I had read in the 
literature and project proposal was: so what 
exactly is ‘aggression’ on Stratumseind? How 
does this behavior that we so much want to 
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overcome emerge and how is it observed? 
These questions eventually led me to conduct 
my first exploratory field study, presented 
in Chapter 2 of this thesis. But, aside from 
planning out the research, I of course also 
had to be introduced to the project partners. 
Besides wanting to learn to know who they 
were and how they could help me throughout 
my work, I also wanted to understand what 
their perspectives on De-escalate were and 
what they expected from my work. Thus, with 
my team (in this blog post ‘my team’ refers 
to me and my supervisors) we decided that 
we should hold an introductory meeting with 
project partners somewhere in April 2014, 
as by then I would have already read some 
of the literature and, hopefully, have a first 
idea of how to approach this project. We 
agreed that during this meeting me and my 
colleague Anne Schietecat would introduce 
ourselves and present our ideas and plans 
for our respective parts of the project. Then, 
we envisaged, after the other partners had 
done the same, we would listen to their 
remarks, questions, and feedback. I must 
admit, though, that while I am describing my 
memories about this meeting I rely mainly on 
my own and Anne’s memories about that day, 
so it is retrospective. In any case, this is what 
I can remember best and I hope it will give an 
interesting overview on how it all started. 
The thing I remember most vividly is that 
the two of us left the meeting drained and 
exhausted. In that one hour and a half there 
had been so many questions and suggestions 
and criticism on our work so far that at 
some point we felt we were trying to build a 
modern day Babel tower. Why Babel tower? 
Well it seemed that three different parties – 
researchers, municipality representatives and 
Philips people – all spoke a different language.  
By then, I thought that the municipality 
people were mainly interested in who was 
going to own, maintain and fund the lighting 
system planned for De-escalate interventions 
and how much money they would have to 
put aside for this. Also, they showed a keen 
interest in branding this project to make sure 

it would reflect the city’s Brainport image – 
smart lighting, innovation, living labs and 
hi-tech. And oh yes - they also really wanted 
to explore how this new approach might 
benefit the city and make it safer and more 
attractive. Furthermore, it seemed that, 
based on the project proposal and what they 
knew about light so far, they were already 
convinced that light would be effective. In 
their ambition to acquire research funds, our 
supervisors had convincingly made a case for 
light’s potential to defuse aggression in the 
proposal, based on the literature at the time. 
So, from the municipality’s perspective, our 
job would merely be to design and test real 
de-escalating scenarios that would do their 
magic on aggression on Stratumseind. So, I 
think, they had quite high expectations and 
faith in light as an aggression-defusing tool. 
The Philips team too were very optimistic, 
but, naturally, hoped to sell their product and 
that our research would eventually help them 
to add value to the novel lighting system – a 
street lighting system that aids in fighting 
aggression: every city would want one of 
those! Thus, our business partners seemed 
to have expectations as well, and they also 
seemed rather ambitious to me. And there 
were us.. humble young researchers. Lost 
in these big aims and questions. As I noted 
before, I was already a couple of months into 
the project and thus had my own goals and 
timelines set out. And those I had presented 
during that meeting. One of the main things 
that was already clashing with the goals 
of our partners was that they were talking 
about light as a solution to aggression on 
Stratumseind. Whereas I had just started 
drafting the plans for my explorative study 
(Chapter 2)… to first find out what exactly 
aggression on Stratumseind was, and how 
we could measure it. I barely mentioned light 
during the meeting. In fact, I said that the right 
way to start this research would be to first 
get to know the context – meet the people 
who work there, meet the people who go out 
there, observe and paint the image of regular 
weekends on Stratumseind. And that only 
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after we knew what our context looked like 
and how it functioned, would we be able to 
use light to positively influence it. Or, actually, 
to start exploring how and whether we could 
positively influence it by manipulating street 
lighting. 
In the beginning of the previous paragraph 
I said that we felt crushed and drained after 
that meeting. At the time though, neither me 
nor Anne could understand why that was. I 
think we took a lot of comments and feedback 
very personal and, most importantly, perhaps 
while being amused with this new setting, we 
overlooked the fact that all people that were 
present in that meeting had been working 
long and hard to get this project set up and 
going. And that for them this kick-off meeting 
was a real start of the project accompanied 
with great excitement and enthusiasm. Latter, 
perhaps, we confused with pressure on us 
and huge expectations from us and that 
resulted in us feeling crushed or drained. 
But let’s go back to the meeting. I think 
that the whole project, and not only the 
Stratumseind part of De-escalate (and a 
second field project, which was located 
in, and performed in collaboration with 
GGZe, a mental health organization in which 
aggression too is a frequent phenomenon), 
was a living lab experiment. Working in such 
a setting was new to everyone, including 
us researchers. And, thus, today we can 
recap the valuable lessons that we learned 
throughout the past four years. Now, I 
understand the many and high hopes all the 
partners had for the project. Meanwhile, 
I was trying to keep mine in my pocket and 
be a ‘very rational’ and ‘not expecting too 
much’ researcher. Someone who wanted 
to take one step at the time and maybe be 
even slightly rebellious against what others 
(including my supervisors) expected from me 
and what I, Indre, wanted or thought I should 
be doing with my part of the project. When I 
look at my way of thinking now, I understand 
that others had their own point of view on 
everything. And, in a way, at the beginning of 
the project, as mentioned above, all partners 

had their own expectations depending 
on their position in the project and their 
ambitions for their city, business or research. 
These, not always aligned, expectations later 
contributed to how the progress and results 
of this project were evaluated by different 
partners. Not surprisingly, some came out 
slightly disappointed, others happier than 
they had expected. What we learned in this 
first living lab experiment, thus, is that to 
avoid frustrations and take the most of such 
collaborations it is important to make sure 
that expectations of all partners are made 
explicit, and are reasonable and aligned, 
and then that these expectations and goals 
are managed well throughout the progress 
of the project. In our case, we did not have 
one impartial party that would take care of 
overseeing and managing the communication 
and expectations amongst all partners 
throughout the project – we, TU/e were 
coordinating, but of course also had our 
own stake in the project: doing scientifically 
sound research and publishing. And to be 
honest, we got too caught up in the whirlpool 
of research in the field and all the demands 
and complexity that came with it. So not 
surprisingly, we slightly lost track of time as 
we got more and more involved in figuring 
out what the science behind the aggression/
light/atmosphere on Stratumseind was, 
meanwhile neglecting to some extent the 
management and communication issues 
between all the partners.

On�the�street:�Facing�reality�
People
As I mentioned in the previous section, my 
take on the project was to first go out there 
and explore the context. I wanted to be knee-
deep in the field, on Stratumseind, talking to 
people who are there every day, who work 
there, who live there, who experience it. 
This meant that I had to get in touch with bar 
owners, police officers from the Horeca team 
and, of course, Stratumseind visitors. One of 
the great benefits of the introductory meeting 
described above was that the partners were 
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really willing to help me out with whatever 
I needed to kick off my research. Thus, I 
first asked to be introduced to bar owners 
and the police and to be granted access to 
the headquarters of the Stratumseind 2.0 
living lab, where I could work if I needed to 
stay on Stratumseind. This was all arranged 
quickly. I received the contact of the head 
police officer overlooking Eindhoven’s police 
Horeca team and through him was able to 
reach police officers that work night shifts 
on Stratumseind. To introduce me and my 
project to bar owners, Polyground invited me 
to join the weekly bar owner’s association 
meeting. There I was given an opportunity 
to present myself, my goals and ask for 
their collaboration (e.g., to participate in my 
research by allowing me to interview them). 
The bar owners meeting took place one 
(early) morning in a smoky and dark room 
in one of the Stratumseind’s bars. And it 
was here where I first used my ‘translation 
machine’ between science language and 
my audience’ language – let’s call it my 
Stratumseind dialect. Although my slides 
were full of scientific ambitions and some 
information about light research, I tried to put 
it all down straight and forward – I am a young 
researcher, who knows how science works, 
but has no idea about Stratumseind and how 
life unfolds here, and that for me, they – the 
bar owners, staff, security and police – were 
the experts and teachers and that I would 
very much appreciate their help in my quest 
of figuring out how this street functions. In 
turn, I promised that I would try to answer 
their questions about De-escalate, its goals 
and progress and always keep them up to 
date on my actions. This message was taken 
really well and I received several positive 
reactions and quite a few bar owners offered 
their help (i.e., agreed to participate in my 
first study). The things really started moving 
as I wanted – I started to learn to know people 
in person, hear their stories, learn about their 
experiences and views on Stratumseind and I 
could contrast it with my own observations. 
Throughout my exploration study, besides 

gaining insights relevant for our scientific 
work (for describing the context of our 
interventions), one of the other things I 
learned through talking to bar owners, 
security and police was how little (at least 
at that time) they actually knew about the 
city’s Stratumseind 2.0 living lab initiative 
and our joint De-escalate project. Some 
had not heard about either project at all, 
others thought that we would come with 
very unfriendly lighting interventions that 
might have negative effects on their bar 
business. Some people also thought that we 
would use light in a drastic way as soon as a 
fight on Stratumseind started. I think this all 
led so some resistance from bar owners in 
my first talks with them, especially when I 
inquired about aggression on Stratumseind 
and how they experienced it in their bar 
and in general. Of course, they didn’t want a 
stranger, who was introduced as an expert of 
light, to start telling them how to deal with 
problems that they (successfully) had been 
handling for 30 years. All these ambitious 
plans of the municipality, the university and 
the living lab sounded quite alien and unclear 
to them. In addition, throughout the whole 
four year of the De-escalate project, I often 
missed communication across the horizontal 
axes, which was separate from the top-down 
communication flow that was apparent in 
the living lab set up. Often it was not clear 
who were doing things where, when and 
how within the Stratumseind 2.0 living lab 
(in which De-escalate was only one of several 
projects that ran in parallel). For example, 
Horeca police teams only learned about our 
ongoing field studies when they observed 
two weird people cruising the street back 
and forth with tablets in their hands (me and 
one of my research assistants). Then some 
officers would approach us and I would have 
to explain who we were and what were we 
doing. For that night, most of the rest of the 
police team would be updated via police 
radio. The whole thing would have to be 
repeated a week after, when the new team 
was on duty. This illustrates that something 
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in the communication went wrong, because 
each time before our studies started I would 
send out emails to partners saying we would 
be collecting data. So, either the people who 
were supposed to transmit the message to 
the lower levels of the communication chain 
were not on my mailing list or there was no 
clear protocol how to handle this type of 
information. 
I know that, today, the municipality of the 
city are collaborating very closely and actively 
with bar owners on Stratumseind to change 
and improve the image of Stratumseind. 
For example, they recently launched a 
website, where one can look up facts about 
Stratumseind, news or relevant events in that 
context. As for my project, I could not have 
done my work without these people. All the 
support I got as a researcher, but also as a 
person, when, for example, I faced difficulties 
throughout my field work, was priceless. 
So, reflecting upon what has been said, just 
as in the previous section, where a clear 
plan to manage expectations and goals was 
lacking, here we missed a well worked out 
communication plan. It’s an honest mistake, 
because nobody knew how complicated our 
field studies would turn out to be and which 
people would eventually get involved. For 
the future researchers working in a similar 
setting,  thus, I would suggest to from the 
very start create a model of communication 
flow and keep it open as a working file, so that 
in each stage of research it could be updated 
based on the experiences and feedback 
of those involved. This would aid not only 
in making sure that people that should be 
aware of what’s going on in the project are 
kept up to date (e.g., so that police officers 
on duty know that De-escalate researchers 
will be collecting data on the street as well), 
but also in communication of research results 
and progress to partners and the rest of the 
world (i.e., media). As to us, I think we should 
have had more iterations of reporting results 
and progress of our work to our old and new 
partners in Stratumseind dialect. But again, at 
the same time, there was sooo much to do in 

the field work, that we let it slide

Technology
Although we may speak of tunable and 
dynamic lighting as a logical and modern-day 
phenomenon, what I as the junior researcher 
in the project did not realize is that at the start 
of the project there were no off-the-shelf 
solutions for realizing this, and certainly not 
at the scale of public spaces we were working 
in. So the system installed on Stratumseind 
was a high end prototype developed on the 
spot and specifically for our ‘field lab’ rather 
than a ready-made commercially available – 
and reliably functioning product. This made 
us truly innovative but, unfortunately, also 
affected the functioning of the system, and 
how malfunctions could be handled (or not 
handled for that matter). 
As you may have read by now, we used light 
interventions in almost every study described 
in the present thesis. However, it all did 
not go smoothly every time. There were 
multiple occasions, when the system was 
not doing what it was supposed to be doing. 
Sometimes, the programming mistake was 
mine (e.g., I would program the date and time 
wrong), but many times also it was because 
the system would malfunction for one or 
the other unknown technical reason (e.g., 
the DMX controller would go offline, weak 
communication signals between poles) and 
I was not equipped with the necassary skills 
or expertise to fix it. The most frustrating 
thing about this was when lights would stop 
working properly during a data collection 
period and I could not manage to bring it 
back to the state that I wanted it to be in. On 
such occasions, the whole night of data could 
be lost. Furthermore, once I had experienced 
that lights don’t always do their job, I did not 
trust the system anymore. This meant that, if 
we would ever consider (and we had) passive 
data collection, for example, to set up a study 
where only video materials would be used for 
measuring atmosphere, then I could not trust 
that the intervention worked properly, unless 
I was there on Stratumseind during each 
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of the data collection nights to check if the 
lights were working. Eventually, we learned 
that there were even bigger problems with 
the system than we had realized and that 
those needed to be solved by engineers and 
might cost quite some money. In instances 
like this the process of getting in touch with 
the right people and setting aside the budget 
could last from a few days up to months. 
And meanwhile, lights on Stratumseind 
would not be functioning properly, thus not 
allowing us to pursue our work in the field 
as planned. Running field studies seemed to 
be challenging enough, but having this little 
control over the technology responsible 
for the intervention added a great deal of 
frustrations to my work.
Reflecting upon this I see two main issues, 
the first, as I already mention was that the 
light system itself was not – nor could it have 
been, given the novelty of the technology 
and the timeline of the project – tested 
before the beginning of the project and so, of 
course, a lot of technical issues arose while it 
was in use in our experiments. These issues 
then intervened with our schedule and often 
caused delays in various procedures (i.e., data 
collection). The second issue was the non-
existing system maintenance plan. In cases 
where technical assistance was required 
there was neither budget allocated to it, nor 
a clear protocol describing how and by who 
the system should be fixed. Again, in the 
enthusiastic optimism of contemplating and 
drafting an innovative and ambitious scientific 
project like this, we had not foreseen how 
hard reality sometimes would kick in. This 
caused insecurities about the timing and 
delays in our work as well. In addition, it also 
contributed to us not employing dynamic 
scenarios in the actual intervention studies, 
because the system, although initially 
expected to, could not handle the dynamics 
robustly and reliably enough. 

In�the�outside�world:�Facing�the�media
From the very beginning, De-escalate 
attracted a lot of (international) media 

attention. Naturally, such an interesting 
project – taking place in a real-life setting – 
made a lot of people curious. In addition, the 
nature of our De-escalate research project 
triggered the public to discuss the privacy 
topic – we were researching real people in 
the real world, originally trying to influence 
people’s behavior by means of lighting. So, 
not surprisingly, I have been asked to give 
an interview quite a few times throughout 
my project. Ironically, media interest was of 
course biggest when the project started, so 
before we had any solid basis to report results 
on.
Today, I recognize two types of media that 
were approaching us. The first type heard 
somewhere from someone that De-escalate 
research was about light’s influence on 
aggression in the public nightlife setting. The 
representatives of this type of media usually 
came in with a script of what they wanted to 
say in their article in the newspaper or a few 
seconds piece on a TV program. I felt they 
lacked objectivity and did not really intend to 
listen to what we could or had to say based 
on our research so far. The second type of 
media had a more scientific perspective. They 
seemed to be interested not only in plain 
results, but the set up and progress of the 
research, the challenges we faced in the field 
and related issues. These journalists, in my 
experience, were much more nuanced and 
objective and wanted to hear what we had to 
say based on our expertise.
The first type of media made me 
uncomfortable and, unconsciously perhaps, 
I used to try and avoid these interviews as 
much as I could. At other times my answers 
to their questions were rather blunt and 
would have to be repeated several times 
throughout the interview: ‘we cannot answer 
this question YET. We cannot answer this 
question YET. We still don’t know which color 
of light can be used to fight aggression…’ With 
the second type of media I loved to work. It 
was not only that they showed real interest 
in our work and tried their best to portray it 
in their programs, but also would raise critical 
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questions, such as the ethical aspects of field 
interventions studies, privacy and how much 
control can we really have on human behavior.  
Another media related aspect relevant to 
address is that other people involved in our 
project also discussed the progress of De-
escalate with media. In those instances, 
from my perspective, at times the results 
and progress of our project were not 
communicated properly. Here too, we can 
reflect on what was missing in the overall 
project set up. A PR strategy on how and 
what would be communicated to the media 
– although set up initially in response to the 
first overwhelming wave of media attention – 
was soon abandoned, or at least not upheld 
properly. It should have been of course, 
because at certain times during the project 
it would have helped to overcome these 
issues. Also, if all project partners would have 
been systematically updated by us on where 
we stood in the project and what the major 
findings were at any given time, this would 
have helped to communicate our work to the 
world in a much more consistent and correct 
manner. But we didn’t. Not so much because 
we did not want to. I think the main issue 
here was again the different ambitions, but 
especially the different time perspectives of 
the different partners. Media are fast, industry 
has to be fast, municipalities need quick and 
solid solutions. Science is slow, incredibly 
slow, and we are taught to be careful in what 
we state to be true, so we wait, another 
study, another analysis, maybe write up first, 
maybe publish first. And, of course, the other 
partners are getting impatient, and begin to 
suspect nothing much is coming out. And the 
easiest way to not be confronted with that 
impatience, is to postpone the next project 
update, just a little bit…
To end this section and this whole blogpost, 
I want to refer to a recent publication in 
the Guardian, where the author of the 
article refers to our research as ‘failed light 
experiments’ (to support her claim the author 
referred to a secondary source – a publication 
in Eindhovens Dagblad, where Tinus Kanters 

was discussing various activities in living lab 
– she had never approached or talked to 
anyone in our research team). The rest of 
that article was focused primarily on privacy 
issues and how today’s modern technologies 
and data mining methods might be violating 
our privacy (i.e., issues quite far from the De-
escalate project). Of course, my pride was hurt 
to read about my ‘failed light experiments’, 
which as you by now know are not so failed. 
And – to be honest – we should have kept our 
partners up to date and involved better. But 
the thing that made me slightly irritated was 
that most of the time media that reports on 
innovations and research such as ours, forget 
to paint the other side of the picture. Yes, 
in today’s technology world we are and we 
definitely should always be concerned about 
our privacy. Yet, looking from a research point 
of view, initiatives such as living labs and 
projects such as De-escalate are invaluable 
for research and innovations that benefit 
society. It is here, where we finally get an 
opportunity to go out into the real world 
and study people and their relationship with 
the environment. The knowledge gained 
here does not only add substantially to our 
theoretical understanding about behaviors 
and psychology of human beings, but is also 
crucial for further practical developments 
and improvements of the spaces, in which we 
humans live. For example, cities, for example, 
Stratumseind. Therefore, I strongly believe 
that, while we rightfully discuss privacy 
violations and the risks of various research 
and design activities in the public domain, we 
should, simultaneously, express and outline 
the benefits that they bring to research, to 
design and to users of public space. Field 
studies do – after all – teach us invaluable 
lessons about the real world.
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On a daily basis, the media are filled with 
reports about domestic and public violence. 
However, we do not need to watch the 
evening news to see or even experience 
aggression. Aggressive behavior is complex 
and multilayered and, although very often 
it might go unregistered by the authorities, 
it leaves traces of unpleasant feelings for 
the ones who have been touched by it. For 
example, an angry driver or rude cyclist 
might have cut us off on our way to work this 
morning. Or perhaps we were harshly pushed 
aside by a person who was more in a rush 
than anyone else to get on the morning train. 
As common as it is, aggression is a behavior of 
high societal relevance and, as outlined in first 
chapter of this thesis, has been studied for 
decades by researchers of various disciplines. 
Therefore, today we know that many 
different factors, ranging from personality 
characteristics through biological modifiers 
to situational and contextual circumstances, 
have an effect on this behavior (e.g., 
Anderson & Bushman, 2002). Most of our 
knowledge, however, is based, not on studying 
aggression in everyday environments, but 
on experimental laboratory research (e.g., 
Berkowitz & LePage, 1967) and on studies 
investigating the effects of isolated stimuli on 
aggressive behavior (e.g., Anderson, 2001). 
As a result, we still lack an understanding of 
how persons’ interactions with the socio-
physical context as a whole – for example, 
on that noisy road or in that crowded train 
station – contributes to the emergence 
of aggressive behaviors. In the present 
dissertation, we first explored how aggression 
emerges in a naturalistic urban nightlife 
setting: Stratumseind in the city of Eindhoven 
in The Netherlands. After identifying changes 
in atmosphere as a possible mechanism 
explaining how aggression may arise through 
person-environment interactions, we 
continued our work in trying to develop ways 
to measure this concept in a living lab setting. 
In this final chapter we discuss our findings, 
their limitations and implications, and main 
contributions to theory and practice.

1 From aggression to atmosphere 
We began our research journey by exploring 
the context of aggression in the urban 
nightlife setting of Stratumseind. Taking an 
ecological approach in understanding how 
aggression in a naturalistic setting develops, 
as proposed by Goldstein (1994), we studied 
the socio-physical context as the ecological 
backdrop for (aggressive) behavior. In the 
first, exploratory, field study we investigated 
the dynamics of interactions between 
people and their environment to understand 
the contextual characteristics that were 
contributing to the emergence of aggressive 
behavior. In addition, we hoped to learn how 
aggression was experienced and how it would 
best be captured in naturalistic settings, such 
as Stratumseind. Scientific literature presents 
us with a quite clear definition of aggressive 
behavior, i.e., “any behavior directed toward 
another individual that is carried out with the 
proximate (immediate) intent to cause harm” 
(Anderson & Heusmann, 2003, p. 298). Based 
on this definition, aggression in the laboratory 
has been operationalized using various 
paradigms (e.g., the administration of electric 
shocks or hot sauce); operationalizations 
that assist the researcher in translating 
participants’ behavioral responses to 
experimentally induced frustration into 
quantifiable units (e.g., the strength of the 
electric current or Scoville units to assess the 
fieriness of hot sauce). Our study suggested, 
however, that, compared to the laboratory, 
aggression in a real life setting is much more 
difficult to quantify in terms of frequency or 
intensity. For example, initially, we naively 
expected that overall levels of aggression 
on Stratumseind would be reflected in the 
official police reports of daily incidents. 
We learned, however, that these reports 
mainly represent singular violent incidents 
and that, moreover, the frequency at which 
these incidents occur is too low to allow for 
statistical analyses. Furthermore, our own 
study suggested that Stratumseind often is 
prone to milder forms of aggression, which 
usually go unnoticed or at least unrecorded 



8

216

by the authorities. Still, these milder forms 
of aggression were experienced by the 
members of the crowd and, even more so, 
contributed to the overall experience of the 
setting (i.e., going out/nightlife experience). 
This discrepancy between reported and 
experienced aggression made us question 
the use of police reports as a measure of 
aggression in settings such as Stratumseind 
and similar public spaces. In light of the 
initial De-escalate goal of exploring the use of 
lighting to prevent aggression, this presented 
a challenge for setting up further intervention 
studies, as it would be very difficult, if not 
impossible, to assess the effectiveness 
of lighting scenarios without a suitable 
aggression measure. Yet, while exploring the 
phenomenon of aggression in our first field 
study, we identified atmosphere as a real 
and tangible attribute of the socio-physical 
context that, at least partially, reflected those 
unreported milder forms of aggression. We 
felt that the concept of atmosphere would 
be beneficial to our understanding, not only 
of how aggression develops in urban nightlife 
areas, but of how lighting manipulations may 
reduce the likelihood of aggression to occur.
Atmosphere is observed through the moods 
and behaviors of crowd members as well as 
changes in the physical environment and, as 
we later state, it does not exist without the 
presence of people. This makes our concept 
of atmosphere rather different from the 
atmosphere – we would perhaps rather 
call it ambiance – researched in the field of 
atmospherics. There, atmosphere is studied 
as the individual’s experience of the physical 
environment (e.g., Donovan & Rossiter, 
1982; Turley & Milliman, 2000; Uhrich 
& Koenigstorfer, 2010), as their affective 
appraisal of a space, or as the space’s 
potency to change a person’s mood (Vogels, 
2008). Thus, perhaps, the main difference 
between our definition of atmosphere and 
that in atmospherics is that atmosphere 
in our context is an attribute of the crowd, 
whilst atmosphere in atmospherics’ studies 
is an attribute of a physical environment. 

Furthermore, in contrast to studies of 
atmospherics, precisely because of the 
presence of people, our findings also 
suggested that atmosphere as we define it 
is dynamic in nature. Such dynamics are a 
crucial aspect of atmosphere, as without 
it being subject to change over time (or 
location for that matter), it would not be able 
to fulfill its hypothesized role as a contributor 
to the development of aggressive behavior. 
And thus, towards the end of Chapter 2, we 
suggested that investigating atmosphere 
could not only help us to further understand 
the relationship between socio-physical 
context and (aggressive) behavior, but perhaps 
offer a more comprehensive assessment of 
the experience of aggression in naturalistic 
settings – in our case – urban nightlife. At 
that point, however, we were not able to 
establish direct links between atmosphere 
and actual acts of aggression, as neither 
aggression, nor the concept of atmosphere 
could be quantified (we described above 
the challenges of quantifying aggression in 
the field). The latter became the focus of 
our work and subsequent field studies were 
aimed to design and test different tools to 
capture atmosphere dynamics. The former, 
however, is still an open question and offers 
interesting direction for future research that 
we will discuss later in this chapter. 

2 On methods 
In the fieldwork following the exploration 
study we focused on further understanding 
and capturing (changes in) atmosphere. With 
our first attempt, described in Chapter 3, we 
tried to measure the concept of atmosphere 
by dividing it into the major components 
identified in the qualitative field study 
described in Chapter 2: an affective/cognitive 
one, a behavioral one, and an environmental 
one. The affective/cognitive component 
represents affect and cognitions of the 
crowd (e.g., moods and expectations for the 
night), the behavioral component reflects 
the crowd’s behavior (e.g., friendly, joyous, 
harsh, aggressive) and the environmental 
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component reveals the state of the (socio) 
physical environment (e.g., crowded, dirty, 
noisy) resulting from human presence and/or 
behavior. One of the most important lessons 
we learned in Chapter 3 was that certain 
aspects of atmosphere – in particular the 
affective/cognitive component –, although 
crucially important to the overall experience 
of atmosphere, cannot be easily captured 
using conventional methods. Our results 
suggested that methods commonly used in 
psychological research, such as self-reports, 
to grasp the affect of the crowd (i.e., Lang, 
1980) or the story stem technique aimed 
to evaluate hostility bias (i.e., Bushman, 
Anderson, 2000) are not only inefficient, but, 
more importantly, ineffective in naturalistic 
contexts such as Stratumseind. Intoxication, 
selection bias, peer pressure, and the 
sheer number of people in the street – of 
which we could sample only one or two at 
a time – proved to be substantial barriers 
towards valid and reliable measurement. In 
addition, we failed to capture the behavioral 
component with our observation schemes. 
These data showed low interrater agreement 
– a problem we initially thought to solve by 
better structuring of the observation items 
in later studies, but ultimately found we 
could not resolve (Chapter 5). In contrast, 
structured observations did prove effective 
in measuring the environmental component. 
We managed to grasp the dynamics in the 
physical environment, primarily reflecting 
on the busyness of the street, the amount of 
litter, and the presence of safety and security 
officials. To sum up, we concluded that at 
least one out of three components of the 
atmosphere could be reliably captured using 
the tools we designed, the others, though, 
seemed to need more work.
Interestingly, prior to the kickoff of De-
escalate – in the set-up phase of the 
Stratumseind 2.0 living lab – the moods and 
opinions of the crowd were also considered 
an important aspect of Stratumseind life. To 
be precise, the Stratumseind living lab has an 
ambition (at the moment in a hi-fi prototype 

phase) to provide lab users with insight into 
sentiment analyses of social media content 
referring to Stratumseind. Sentiment analysis 
is an emerging approach in the context 
of social sciences and industry to get to 
know what people think about or expect 
from objects of interest (Serrano-Guerrero, 
Olivas, Romero & Herrera-Viedma, 2015; 
Pang & Lee, 2008). Based on our findings 
of the qualitative study reported in Chapter 
2 – the strong contribution of the affective/
cognitive component to the atmosphere – 
we strongly believe that any developments 
that could unobtrusively provide insight in 
a crowd’s affect/cognitions could help us, 
researchers, to further understand how 
atmosphere emerges and changes in time. 
Thus, innovations such as sentiment analysis 
could potentially aid in capturing crowd’s 
moods and cognitions, which, based on our 
work (i.e., Chapter 3), appeared to be difficult 
to measure directly. 
Inspired by the methodological challenges 
we faced in the study presented in Chapter 
3, we started to question whether quantifying 
atmosphere by disassembling it into 
objectively measurable, separate elements 
of atmosphere components was the most 
optimal approach. From Chapter 2 we learned 
that people (patrons, experts and researchers) 
tended to evaluate atmosphere rather 
holistically, describing it using adjectives 
such as relaxed, bad, happy, boring; implicitly 
and, perhaps, quite loosely basing their 
judgements upon observed or experienced 
moods, behaviors, and the state of the 
physical environment. This encouraged us to 
try a different approach to capture changes 
in atmosphere by measuring atmosphere 
appraisals. Atmosphere appraisals (Vogels, 
2008) were previously successfully employed 
in the field of atmospherics to capture 
different atmospheres (or ambiences) 
created with contextual manipulations, such 
as light (e.g., Stokkermans, Vogels, de Kort 
& Heynderickx, 2017, 2018). We, however, 
needed to adjust the tool to fit our definition 
of the atmosphere, as, as noted previously 



8

218

in this chapter, in our work atmosphere is an 
attribute of the socio-physical – and not only 
the physical – context and does not exist in 
the absence of a crowd. 
Therefore, we developed our own atmosphere 
appraisal questionnaire for measuring 
(changes in) atmosphere on Stratumseind, 
loosely based on Vogels’ original instrument, 
and tested and improved it in a small field 
study (see Chapter 4). Subsequently, we 
performed a final field study (Chapter 5), 
where we measured both atmosphere 
appraisals as well as the environmental and 
behavioral components of atmosphere. 
These two approaches are aimed at capturing 
atmosphere in a very different way. While 
the atmosphere appraisal instruments 
assess changes in atmosphere in a holistic 
and experiential manner, the components 
instrument—based on observation 
schemes—assesses atmosphere in a more 
objective and descriptive manner. This 
also implies a tradeoff between objectivity, 
which is offered by these more descriptive 
tools, and the (face) validity of capturing 
the essence and the holistic nature of 
atmosphere, which seems to pertain more to 
the atmosphere appraisal questionnaire. The 
Crowd Atmosphere Appraisal Questionnaire 
(CAAQ), as we label it, rendered three 
meaningful dimensions of atmosphere, with 
distinct patterns of development across the 
weekend days, time of the night, and street 
locations. Liveliness appears to describe 
mainly the energy in the crowd – largely, but 
not necessarily positively valenced – with 
lively, stimulating, exciting and festive as the 
most salient items. Pleasantness, the second 
dimension, captures the positive and sociable 
aspect of the crowd, so it seems, with 
pleasant, welcoming, inviting and appealing 
as dominant items. Tenseness, the third 
dimension, captures largely the negative, 
hostile aspect of the crowd in items such as 
tense, fearful and aggressive.
Unfortunately, in this last field study we again 
found that the behavioral component of 
atmosphere could not be measured reliably, 

as reflected in generally poor interrater 
reliabilities. One possible reason for these low 
reliabilities is that the observation scheme 
asked observers to score the frequency or 
occurrence of individual acts of behaviors. 
Because of the nature of our context, focusing 
on individual behaviors in the crowd may 
not the most suitable approach. Instead, in 
the future it would be interesting to explore 
possibilities to measure crowd behavior in a 
more aggregated manner, e.g., by using scales 
to determine the overall valence (i.e., positivity 
– negativity) of behaviors. All in all, our 
studies suggest that, although conceptually 
we are able to distinguish different 
atmosphere components, only one of them 
can be quantified directly with the current 
tool (i.e., the environmental component). 
Nevertheless, both types of tools – the more 
objective observation-based atmosphere 
components measures and the more holistic 
and experiential CAAQ – contribute to our 
understanding of the atmosphere. Keeping 
in mind the merits of each tool, we believe 
that to further understand how atmosphere 
develops, the relationship between 
descriptive and experiential aspects of the 
atmosphere should be investigated further. 
In particular, in Chapter 5 we observed that 
the environmental component bustle and 
the liveliness dimension of the CAAQ were 
quite closely related and perhaps tap in to 
quite similar phenomena. Probably, objective 
features, such as busyness of the street, 
also affect how atmosphere is experienced 
in more subjective terms. If we look back 
to Chapter 2, members of the Stratumseind 
crowd also often referred to the busyness 
of the street when they were evaluating 
whether the atmosphere was nice or boring. 
A better understanding of this relationship 
between descriptive and experiential aspects 
of atmosphere could perhaps help us to 
design future interventions. For example, by 
manipulating the physical environment we 
could potentially influence how atmosphere 
is perceived by Stratumseind visitors, and 
perhaps even change behaviors or moods of 
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the crowd. 
After the field study described in Chapter 5 
was performed, we concluded that we, in 
general had succeeded to develop methods 
to capture atmosphere and atmosphere 
dynamics. However, all of our work was 
based on data collected during extensive real 
time observations in the field. Thus, after 
developing methods to measure atmosphere, 
we wanted to further explore ways to optimize 
the data collection. We did so by involving 
third parties – already present in and familiar 
with the site – in the data collection (Chapter 
6, in our case Stratumseind stewards), and 
by investigating whether atmosphere could 
be measured through off-site observations 
using video recordings (Chapter 7). Both 
approaches produced interesting and unique 
insights and promising results. In the steward 
study (Chapter 6), we learned two valuable 
lessons. First, the findings suggested that 
the atmosphere appraisal questionnaire 
can be abbreviated, keeping its reliability 
to capture atmosphere dynamics. Such 
an abbreviated instrument is necessary 
when involving third parties in the data 
collection, whether stewards, police officers, 
or patrons, as empirical data collection 
is not their primary task. In other words, 
short and quick to respond to measurement 
tools are needed for these groups to collect 
data alongside their primary activities. The 
abbreviated instrument used in Chapter 6, 
unfortunately, did not allow the emergence 
of the third atmosphere dimension (i.e., 
pleasantness) that did appear with the full 
CAAQ. For the remaining two dimensions, 
similar factors emerged, they also showed 
similar dynamics and correlated reasonably 
(tenseness) to well (liveliness) with the full 
CAAQ sores. However, the items selected to 
be included in this abridged version of the 
CAAQ may not have been the most optimal; 
if not only because it was based on only a 
preliminary factor analysis using a small data 
set (as reported in Chapter 4). Now that this 
factor structure is more strongly established, 
one is in a far better position to select the 

best items for inclusion into an abbreviated 
version of the CAAQ that will tap in all three 
uncovered dimensions: liveliness, tenseness 
and pleasantness. As such, we believe it is 
possible to construct a valid abridged CAAQ 
which could then subsequently be used for 
collecting data with third parties.
The second lesson we learned, by comparing 
atmosphere dimensions that emerged from 
stewards and from researchers data, was 
that although tenseness was experienced 
similarly by both groups, liveliness was 
scored in a slightly different way. There are 
several reasons that might explain why we 
observed this difference. First, the primary 
duty of stewards is to detect abnormalities 
in the crowd that may lead to escalations or 
even aggressive behaviors, whilst researchers 
aimed to be impartial and capture all 
aspects of the atmosphere. Second, unlike 
stewards, trained observers collected data on 
Stratumseind on all days of the weekend. This 
might make stewards susceptible for range 
bias, as evidenced by a comparatively wider 
spread in their evaluations compared to the 
trained observers. In addition, it may be 
relevant to reflect on the profile of observers 
that assisted us in our field studies (in Chapters 
2, 3 and 5). We invested quite some effort in 
selecting and building our research assistants’ 
sensitivity and professionalism. We recruited 
students who were neutral (non-judgmental), 
responsible, attentive to details and at the 
same time able to grasp the bigger picture 
of the context. In addition, it was crucial that 
they demonstrated the ability to observe and 
sense the emotions/moods of the crowd, 
as well as interpret social situations. Such 
personal characteristics of an observer, just 
as his or her primary professional duties 
(e.g., a steward main duty is not to collect 
data), most likely influence the quality and 
nature of the collected data, and, in turn, the 
extent to which atmosphere is measured. In 
other words, through our work we learned 
that our tools are sensitive to observers’ 
main role in the situation (i.e., researcher vs. 
steward). Thus, in future studies employing 
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our atmosphere appraisal questionnaire, 
researchers should carefully consider both 
the characteristics of the observers as well 
as their primary role in the context of the 
investigation. 
In Chapter 7 we explored the possibility of 
measuring atmosphere from video recordings. 
Video recordings have been used for decades 
to systematically study people’s behaviors or 
use of space (e.g., Morse & Pooler, 2002a; 
Morse & Pooler, 2002b; Whyte, 1988). In our 
study, however we were not able to capture 
the descriptive measures of the atmosphere 
(atmosphere components) reliably from 
video recordings; not even the environment 
component that could be reliably described in 
situ. Despite several training sessions, we did 
not manage to achieve acceptable inter-rater 
agreement in the quantitative observation 
schemes concerning environmental or 
behavioral atmosphere components. This 
may have been primarily due to the nature 
of our tools, which were designed for direct 
in-field observations and hence employed 
dichotomous items rather than exact counts 
of specific behaviors. Also, the angle and 
quality of the videos, providing a quite 
limited perspective on the crowd, may have 
contributed to the inadequacy of video-based 
data. 
Interestingly however, the more experiential 
measure of atmosphere (as obtained with 
the atmosphere appraisal questionnaire) 
performed better and revealed two of the 
expected atmosphere dimensions (pleasant 
liveliness and tenseness), as well as confirmed 
their dynamic patterns over time and across 
weekdays, and Stratumseind locations. It is 
important to note, however, that unlike in 
Chapter 5, here the pleasantness dimension 
did not emerge in factor structure as a 
separate factor. Nevertheless, we observed 
that pleasant liveliness at times behaved 
like the liveliness and at other times more 
like the pleasantness dimension. In these 
dynamics we also observed the inverse 
relationship between pleasant liveliness and 
tenseness dimensions, which often occurred 

at the times when deviant or even aggressive 
behaviors were reported to be more likely 
by the police (e.g., last hours of the night 
on Friday and Saturday nights). This further 
suggests that even using video recordings 
we are able to grasp relevant aspects of the 
atmosphere, which in the future might help 
us to investigate the possible relationship 
between atmosphere and aggressive 
behavior. All in all, findings presented in 
Chapter 7 have two important implications. 
First, it suggests that it is possible to capture 
atmosphere off-site and perhaps in the future 
such off-site observations could replace 
exhausting and costly on-site observations. 
Second, demonstrating that atmosphere 
appraisals can be reliably made from video 
recordings suggests that it may be possible to 
realize automatic atmosphere measurement 
procedures to collect data about people’s 
use of public space, for example, by means of 
the video tracking systems developed by Yin 
and Forsyth (2005) . This, however, requires, 
first most, a better understanding of how a 
human observer develops such atmosphere 
appraisals and, thus, since substantially more 
investigation is needed in understanding the 
atmosphere concept in general, automatic 
analyses of videos does seem to be a rather 
distant goal. 
Although our work delivered a promising set 
of tools to quantify (changes in) atmosphere, 
it would be interesting and necessary for 
further validation and exploration purposes 
to investigate the instruments’ performance 
in different contexts than Stratumseind. This 
would benefit generalizability and also add 
to our understanding of how the concept 
of atmosphere is shaped by the variable 
properties of different physical as well as 
social contexts. This could be done in a context 
similar to Stratumseind, for example districts 
dedicated for urban nightlife in other cities, or 
in a more demarcated socio-physical context, 
such as football stadium. The latter would, 
perhaps, allow for testing the hypothesized 
relationship between aggression and 
atmosphere, since aggression might be more 
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quantifiable in stadium settings, than in urban 
nightlife scenes. 

3 Quantifying the image of 
Stratumseind
So, how did our research help us paint the 
picture of Stratumseind? What did we learn 
from our exploration study, and how were 
we able to quantify that image of this urban 
nightlife area in our further studies using the 
methods discussed above? To answer these 
questions, let us go down memory lane and 
revisit the picture of Stratumseind based on 
the work presented in this dissertation.
As the reader by now knows, Stratumseind is 
an urban nightlife area, a street that is home 
to a large number of bars, filling up with going 
out crowds as the weekend approaches. This 
street is located in the heart of Eindhoven 
and extends over 350 meters starting at St. 
Catharina church and ending by the bridge 
crossing the stream of the Dommel. It is 
divided into three parts that differ quite a 
bit in their physical characteristics. With 
what it has to offer, Stratumseind caters to 
diverse groups of local inhabitants and guests 
from outside the region. In our exploration 
study we learned that with the presence 
of these diverse crowds, on different going 
out nights, times of the night, and even on 
different segments of the street, different 
socio-physical contexts arise. We further 
learned that atmosphere is a snapshot of 
these socio-physical contexts and is reflected 
in the interactions between people and their 
environment. We observed atmosphere 
through the crowd’s moods, behaviors, and 
the changes in physical environment. For 
example, we saw that a happy, cheerful crowd, 
in which the majority of members were gentle 
and friendly towards each other, even on a 
very busy and crowded night, created a feeling 
of positive atmosphere. In contrast, on other 
nights we were able to observe frustration, 
impatience, irritation, which seemed to 
translate into harsh interactions and asocial 
behaviors (e.g., such as littering); this, in turn, 
created a feeling of tense and unpleasant 

atmosphere. Furthermore, we felt that the 
emergence of atmosphere through people-
environment interactions was part of a vicious 
circle – it emerges from, but simultaneously 
feeds into these interactions in a constant 
reciprocal cause and effect. Therefore, we 
hypothesized that it is very likely that more 
tense atmospheres may be related to peaks 
in aggression on Stratumseind. However 
at that point, we were not able to translate 
our qualitative observations and conclusions 
about the existence and dynamics of the 
atmosphere to a quantified account, and 
dedicated our further work to do so. 
First, in Chapter 3 and later in Chapter 5, we 
were able to describe the physical context 
– busyness of the street, traces of asocial 
behaviors and surveillance – by means of 
two underlying environmental atmosphere 
components: bustle and surveillance. While 
in Chapter 5, with three distinct atmosphere 
dimensions (i.e., liveliness, pleasantness, 
and tenseness) we were able to capture 
atmosphere on a more holistic experiential 
level. We further concluded that together, 
these three dimensions reflect the above 
mentioned activity levels and valence of the 
people-environment interactions. In Chapter 
5, by further investigating the dynamics of 
and parallels between objective atmosphere 
components and atmosphere appraisal 
dimensions we learned that, together, these 
measures capture the image of Stratumseind, 
but now in a quantified manner. This is well 
illustrated in observed changes in bustle and 
surveillance levels, which seemed to gradually 
increase across the time of the night for each 
weekend night separately and which were 
highest on Saturdays. We frequently saw 
an increase in liveliness, as the bustle levels 
rose (i.e., increased crowdedness, noise, 
but also litter on the street). In contrast, 
pleasantness, after also initially rising as the 
night progressed often tended to decrease 
towards the end of the night, when the 
bustle was at its highest. Finally, at times we 
observed an inverse relationship between 
pleasantness and tenseness, which in the 
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context of high liveliness and bustle levels 
might have been reflecting the increase in 
discomfort, irritation, and unfriendly and 
harsh interactions between crowd members, 
which we previously attributed to tense 
atmospheres in the qualitative image of 
Stratumseind.
To sum up, after getting familiar and 
sensitizing with the Stratumseind context, we 
aimed at quantifying it by means of measuring 
atmosphere. As today we are able to sketch 
a good quality image of Stratumseind using 
quantitative tools, which we developed 
throughout the research presented in this 
dissertation, we believe we have successfully 
achieved this aim. 

4 On (light) interventions 
In urban nightlife, light plays an exceptional 
role, as it is not only used to light up the 
environment for visibility purposes, but 
also to create that party and entertainment 
ambience. Therefore, bar owners often use 
light and lighting accessories, such as disco 
balls, dynamic light fixtures and neon lights 
to create inviting scenes and attract more 
visitors. Initial aims of De-escalate were to 
investigate whether (dynamic) street lighting, 
as a contextual manipulation, could be used 
to prevent or de-fuse escalated situations in 
the urban nightlife setting. Although we faced 
several challenges throughout our work and 
have to be careful about our conclusions, we 
learned a lot about both the setup of field 
experiments using light as an intervention 
method, and the potential of light to aid 
in creating/improving the experience of 
nightlife. 
The insights gained in the exploration study 
(Chapter 2) influenced the way in which we 
later investigated the possible effects of 
light manipulations on aggression. First, we 
realized that actual aggression cannot be used 
as dependent variable, because, as already 
outlined above, we were unable to capture 
it, except for the harsh incidents reported 
in the police reports (which are but a small 
part of the aggression on Stratumseind, but 

also occur too infrequently to allow for sound 
statistical analyses). Thus, because of our 
hypothesis that atmosphere might be related 
to actual levels and experience of aggression in 
urban nightlife context, we had to reconsider 
our dependent measures and refocus on 
understanding and measuring atmosphere. 
Nevertheless, we conducted two field studies 
where potential effects of light on atmosphere 
were investigated. Across these two studies, 
we first learned that it is rather difficult to 
implement lighting interventions with street 
lighting; especially because of the specificities 
of a nightlife context, where light additionally 
is used to create a very particular – party – 
ambience. These difficulties occurred for 
various reasons, including the following. First, 
the technical specification of the installed 
street lighting fixtures placed limitations on 
the extent to which we could manipulate our 
lighting scenarios. In particular, the luminance 
output of the luminaires was insufficient to 
make manipulations (e.g., dynamic changes 
in brightness levels) strong and salient to the 
naked eye. Second, during the festive periods 
of the year, Stratumseind, just as the whole 
city of Eindhoven, would be decorated with 
extra lighting accessories (i.e., Christmas 
lights), which were hung directly on the street 
lighting poles, thus affecting the performance 
of our intervention scenarios. On other 
occasions, such as street parties, municipality 
and the bar owners association would cover 
the street with balloons and colorful garlands, 
which would also modify the intended effects 
of our lighting manipulation. Third, as all 
our studies were performed in a naturalistic 
setting, we had to consider the safety 
regulations when designing our interventions. 
We, for example, had to make sure that there 
was always sufficient and good quality lighting 
for the police to do their job, and that our 
lighting would not interfere with CCTV camera 
recordings that were used by the police for 
surveillance of the crowd. Finally, the physical 
properties of the space varied throughout 
the street (e.g., the breadth of the street, the 
color of the facades, the presence of canopies 
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on bar fronts, or the distance between street 
lighting poles) and thus it was difficult to 
have exactly the same or even similar lighting 
conditions in each part of the street. 
With respect to the effects of the light 
manipulations on atmosphere that we 
reported on in Chapter 3, and to some 
extent in Chapter 5, one must realize that the 
development of the required instruments for 
assessing changes in atmosphere occurred 
more or less simultaneously with the light 
effect measurements. Therefore, only 
during the last study of the four-year project 
(presented in Chapter 5), were we able to 
derive some conclusions about the potential 
of using light to improve atmosphere in 
an urban nightlife setting. Here we found 
small, but statistically significant effects of 
our lighting manipulation on two measures: 
the CAAQ appraisal of liveliness and the 
indicator of environmental component –  
bustle. Compared to regular street lighting, 
a warm reddish lighting scenario appeared to 
modestly increase both bustle and liveliness 
of the atmosphere. These findings are in 
line with our predictions based on previous 
research on room atmosphere appraisals 
by Vogels and Bronckers (2009) and recent 
findings on cross-modal associations by 
Schietecat (2018). Our findings, however, did 
not reflect earlier reports in the literature 
on the sociability (e.g., prosocial, friendly 
behaviors, such as evaluating other’s 
performance higher) of warm as opposed to 
cooler lighting conditions. Although previous 
research by for instance Knez and Kers (2008), 
Baron and Rea (1991), and Baron, Rea and 
Daniels (1992) would suggest such an effect, 
we saw no effects on the pleasantness or 
tenseness dimensions of the CAAQ. 
Since the observed effects were small, and 
because of the quasi-experimental nature of 
our field trials, our results regarding light’s 
effect of atmosphere should be interpreted 
with care. First of all, more research is needed 
to validate these findings. Nevertheless, 
considering the context and complexity of the 
research presented in the present thesis, even 

these small effects are very valuable, as they 
suggest contextual manipulations, as subtle 
as lighting, might indeed have the potential 
to be used to improve the experience of the 
given setting and, perhaps, even influence 
the behaviors of the crowd. Furthermore, 
given the difficulties we faced in making our 
lighting manipulations salient to the naked 
eye, perhaps, in retrospect no large effect of 
lighting on atmosphere was to be expected. 
The results thus are promising and provide 
first preliminary evidence that atmosphere 
is amenable to contextual manipulation, 
without which it would be impossible to 
prevent aggression by improving atmosphere. 
All in all, possible influences of light on the 
atmosphere found in our study raise questions 
and offer opportunities for future research. It 
calls for replication in the same or similar field 
settings, but also for testing causal claims 
in the laboratory setting. As we continue to 
better understand how atmosphere emerges 
and develops (e.g., which aspects of socio-
physical context contribute to the atmosphere 
the most), we will also learn more about the 
relationship between atmosphere and light, 
or perhaps even about ways in which light 
could contribute to relevant components of 
the atmosphere, such as crowd affect and 
behaviors. Finally, further understanding of 
the development of atmosphere may result 
in understanding that, perhaps, some other 
contextual manipulation may have more 
pronounced effect than street lighting. As 
such, interventions with smell are being set 
up on Stratumseind, as orange, seawater and 
peppermint scented smells were found to 
positively influence an experience of urban 
nightlife setting and increase dancing activity 
(Schifferstein, Talke & Oudshoorn, 2011). 
Music too, has been shown to have influence 
on affective responses (e.g, Gagnon & Peretz, 
2003; Gabrielsson & Juslin, 1996) and even 
aggressive behavior (e.g., Fisher & Greitmayer, 
2006; Coyne & Padilla Walker, 2015), thus 
offering potential means of interventions 
on Stratumseind. However, as music plays 
an extremely important role in creating 
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ambience and / or  defining characteristics 
of particular bars / clubs, and thus cannot 
be easily manipulated, and because overall 
Stratumseind context is rather noisy, these 
interventions would have to be done in more 
quieter parts of the street (e.g., Square or 
meeting points)

5 Conclusions 
To end this thesis, we would like to recap the 
main conclusions and scientific contributions 
made through the four years of this 
Stratumseind part of De-escalate project. A 
first contribution is that to our knowledge, 
although with many challenges and often 
struggling to find strong statistical effects, 
our work is one of the first exploring the 
role of urban environments as the backdrop 
of human behavior, in particular aggression, 
in a real life setting. In our work, founded 
on the principals of ecological psychology, 
we recognized and defined the concept of 
atmosphere, which seems to be an important 
phenomenon possibly related to aggression. 
We performed our work in an urban nightlife 
setting, which, although more prone to 
aggression than, say, the same street during 
the day, is still a regular public space. Thus, 
Stratumseind is not a setting prone to extreme 
violence, such as perhaps the context of 
prisons, or to frequent fights of, for instance, 
hooligans around certain football matches. In 
contrast, on Stratumseind the most prevailing 
type of aggressive events, as we learned 
in our study, are dispersed amongst the 
crowd members, often go unreported, and 
fall into under milder forms of aggression 
(e.g., pushing, shouting, throwing objects at 
someone or on the ground). This led us to 
conclude that aggression was rather difficult 
to quantify in this naturalistic setting. In 
addition it also complicated testing empirically 
the hypothesized role of atmosphere as a 
mechanism behind the person-environment 
interactions through which aggression 
develops. A second contribution of the 
thesis is the development of instruments 
to measure the dynamics in atmosphere. 

The atmosphere appraisal questionnaire, in 
particular, proved to be sensitive not only 
to atmosphere dynamics across time, day 
of the week, or Stratumseind location, but 
also to a rather subtle (visually speaking) 
contextual manipulation created with light. 
This instrument, we believe, is valuable for 
future research on human behavior (including 
aggression) in public space, but also, from a 
more practical point of view, perhaps relevant 
for cities and their governments, as our tools 
offer opportunities to assess the effects of 
interventions, be it with light or other means. 
In sum, we have identified atmosphere as 
an attribute of socio-physical context, we 
have developed tools to measure it, and 
demonstrated, although preliminary, that it is 
amenable to change. 
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