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Abstract  
ɐMost road fatalities since 2008, rise especially among people aged 75+ɑ -  (NOS Nieuws, 2023)  

ɐIncreasing number of cycling accidents resulting in serious injuriesɑ -  (NOS Nieuws, 2022)  
 
The sentenc es above were headlines in the Netherlands. A country where every day children cycle to 

school, adults cycle to work and the elderly cycle to the shops. Although the number of cyclists is 
already high, the government wants to increase it. In this developme nt, however, road safety must be 

ensured and possibly improved, as various government organisations state in their development 
visions. In addition to the numbers in the headlines and the use of objective road safety to determine 
whether an infrastructure element is safe, another approach to road safety is to look at the human 

factors. This approach looks at the way a user, a cyclist, behaves at a roundabout.  A second way to 
approach the safety at a roundabout can be the perception of safety for users.  In t his research, the 

human factors will be explored in relation to the subjective road safety of the cyclist at a place where 
different flows of traffic cross each other; the roundabout. This will contribute to the main research 
question:  ɐWhat is the relation between subjective traffic safety and human Factors at a roundabout 

for bicyclists?ɑ 
 

To answer the research question, the two concepts of the research question, subjective road safety 
and human factors, were researched separately. Human factors explain the behaviour of a person in 
relation to an environment, in this case the cyclist on a r oundabout. Several observations were made 

at nine roundabouts in Breda, observations were made by car, by bicycle and on two occasions the 
behaviour of cyclists on the roundabout was observed. Each roundabout was described in terms of 

human factors. Notewo rthy is the difference in marking and signage around the cycle lanes when 
approaching and leaving the roundabout. The roundabouts had a combination of free -standing cycle 
lanes or a shared road branch. At the roundabouts where there was no segregated cycle  lane, there 

was a tendency for users to cycle across the roundabout from these junctions against the direction of 
traffic . The point of origin and the destination in relation to the location of the cyclist in relation to the 

roundabout also play an import ant role in this.  
Subjective road safety was investigated through a digital survey of residents or users of the 

roundabouts. A total of 137 people responded. The survey shows that many road users often feel unsafe 
at the other four selected roundabouts be cause of the behaviour of other road users, mainly car drivers 
but also cyclists. For some, the intensity of car traffic also plays a role in their perception of safety. 

The idea of being seen as a cyclist by other road users is very important.  
 

From this research, it c an be concluded that by approaching the traffic safety of bicyclists of an 
infrastructural element, as the roundabout, can be done by  the approach by  human factors and 
subjective traffic safety.  

Each concept looks at the roundabout in its ow n way, where there are results that come from both 
themes and therefore overlap. Subjective safety is much more on the surface and human factors is 

more in depth in the roundabout. The subjective safety results can be explained by the human factors 
observa tions. In addition, subjective safety is also influenced by the behaviour of road users caused by 
human factors.  

For the approach to traffic safety of roundabouts, subjective safety can be used as a guide to determine 
for which roundabouts traffic safety should be further investigated. From this knowledge, human factors 

can be used to find the cause of the potentiall y unsafe situation. In addition to the question of the 
relationship between the concepts, this research also provides recommendations for practical points on 
a roundabout, such as marking  at the bicyclist -bicyclist intersection.  

Keywords: Bicycle, Human Factors, Subjective Traffic Safety, Roundabout   
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1. Introduction  
1.1. Background 
Cycling has always been an important mode of transport in the Netherlands, and its use has only 
increased in recent years (CBS; PBL; RIVM & WUR, 20 22). A reason for this is the increase of  policy 

measures around car reduction and bicycle encouragement (Hejnen, 2022) . The supply of active 
mobility is also changing, and, with the advent of the electric bicycle, cycling  has become more 

accessible to the elderly but also offers good complements in daily commuting.  
 
In the future various municipalities and governmental organizations,  the active mobility in the form of 

cycling at the top of their priority list  and making the country  bike- friendly  (Rijksoverheid, 2022) . T he 
aim is for all authorities to encourage walking and the use of bicycles as the main m eans of transport 

and as links in the door - to-door mobility chain  (De Tour de Force, 2022) .  
 
The municipalities of Utrecht, Tilburg ,  Delft and Rotterdam are placing active mobility at the top of 

developments in the mobility sy stem in the coming years  (Gemeente Utrecht, 2021 ; Gemeente Tilburg, 
2016; Gemeente Delft, 2021 ; Gemeente Rotterdam, 2020) . But they and the Rijksoverheid keep road 

safety as a key cornerstone in these development  (De Tour de Force, 2022) .  
 
ɐBij deze verschuiving is verkeersveiligheid een belangrijk aandachtspunt.ɑ Ɉ Gemeente Utrecht 

(2021, p. 48)  
 

One part of the infrastructure that Dutch cyclists use , is the roundabout or roundabout - like situations. 
There are 5 .585 roundabouts in the  Netherlands  (DTV Consultants, 2019) . At the roundabout, different 
mobility flows of active and motorized mobility converge. In g eneral, roundabouts are considered safer 

for cyclists than other intersections (SWOV, 2022) . However, not all studies come to the same 
conclusion about the safety of cyclists on roundabouts in the Netherlands .  Various studies state that 

the roundabout is not a safer solution for a cyclist then a roundabout or question the safety of the 
roundabout in general (Boer, 2006)  (Bentem, 2022)  (Elvik, 2017) . The perception of safety of cyclist at 
a roundabout is relatively unknown due to lack of research on this topic .  Research by van de Loock 

(2020)  and concluded an adverse road safety where many accidents occur causes a decline in bicycle 
use.  Therefore, a prerequisite for continuing bicycle development is to improve the road safety of 

cyclists.  Without a deliberate approach to the road safety of cyclists, the  ministry of infrastructure and 
safety  (2021)  has predicted that by 2040 the number of bicycle casualties will increase by 80% to 100%  

and the SWOV (de Craen, et al., 2022)  indicates that the ambition of halving traffic casualties by 2030 
and zero traffic casualties by 2050 cannot be achieved and in fact an increase will occur .  By 2022, there 
was an increase in traffic fatalities involving bicyclists. Bicycling elderly people were more often involved  

(CBS, 2023) .  
 

The guidelines for the design of roundabouts are provided by CROW in the publication ɌBasiskenmerken 
kruispunten en rotondesɍ (CROW, 2015)  and the Design Manual for Bicycle Traffic  (CROW, 2016). In 
this document characteristics of roundabouts in and outside urban area are given. Despite these 

guidelines, not a single roundabout is the same. However, the guidelines provide consideration points 
for the design  such as the height of  the centre island, design of the bicycle crossing  and method of 

bicycle provision on or around the roundabout .  
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As an addition to the available guidelines offered by CROW the method of testing infrastructure designs 
towards Human Factors  for the improvement of traffic safety  is sometimes used. The Rijksoverheid 

uses it for the design of highways (Rijkswaterstaat, 2016) . The municipality Roermond and consultancy 
Exante used the approach  to look at an intersecti on to explain  the high accident - rates despite 

everything designed according to  the guidelines  (Rotter, 2020) .  
By approaching infrastructure by the human factors,  the userɍs behaviour is explained.  

The Human Factors are influe nced by four external elements: the lay -out, traffic situation, 
design,  and the environmental surroundings. The external elements influence four factors which are 
part of the Human Factors:  observing, understanding, ability and willingness. These four fact ors 

influence the doing part of the user of a specific infrastructural element. The human factors approach  
with his external elements and own factors are researched in relation towards the subjective traffic 

safety of bicyclist at a roundabout.  

1.2. Research problem statement 
In mobility development municipalities and provinc es attach value to the development of the bicycle as 
main transport mode in cities, between districts and between city and surrounding areas and localities . 

One condition for this transition is safeguarding  traffic safety for bicyclist.  
 
The infrastructure network has been designed with the motorized vehicle as main transport mode 

(Theunissen, n.d.) . While there is currently an increase in the number of cyclists, and thus in the places 
where the various flows converge  (CBS; PBL; RIVM & WUR, 2022) . For the design of bicycle 

infrastructure, Artgineering (2019)  states that when designing, not only speed is normative for the 
design,  but also environmental quality and cyclists' experience are essential factors to consider in the 
design.  Research by C.E. Schee pers (2016) ,  Goudappel-Coffeng (2017)  and CROW (2019)  substantiate  

the influence of the attractiveness of infrastructure on route or modality choice. Part of attraction is 
traffic safety. This is divided into objective road safety, the numbers, and subjective road safety, the 

perception of users.  Research has been done on the objective traffic safety of cyclists on roundabout s 
with different conclusions.  Van Bentem (2022) concluded that the roundabout is not safer for bicyclists 
than a regular intersection . This conclusion is contrary to the findings  of Elvik (2017)  and Donkers 

(2022) , which actually  considers the roundabout  to be objectively safe r.  Perception has a major 
influence on the attractiveness of a roundabout. However, there has not been any research on the 

perception of the roundabout among cyclists.  Subjective road safety is to some extent  determined by 
the behaviour  of the (fellow) road user. An approach to examining behaviour  in traffic is approaching 
infrastructure by human factors.  With these human factors, the infrastructure and their surroundings 

are considere d. The subjective traffic safety and human factors  are directly related to each other. 
However, there is no understanding of how  in this relationship affects each other. Both  components 

have only been examined in isolation.  This research examine s the relation between the human factors 
and subjective traffic safety for bicyclist at roundabouts.  

1.3. Research objective and questions 

Objective  

This research explores the subjective tr affic safety for bicyclist at roundabouts and how the situation  
on and around the roundabout is according to the human factors. In the situation ,  the design, lay -out, 

traffic situation and physical surroundings are considered. The subjective traffic safety  and the human 
factors  will be researched  in nine small cases in the municipality of Breda. Each case is a roundabout 
but has different characteristics in speed, lay -out or surroundings . Additionally, each of them has in 

some way bicyclist involved. This r esearch is an exploration of the concepts subjective traffic safety for 
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bicyclist at roundabouts and the approach to the behaviour of cyclists on the roundabout  through human 
factors.  The relation  between the two concepts is being researched.  

Roundabouts exist in several countries, but there are major differences in the design or traffic situation. 
This study focuses on roundabouts in the Netherlands. In the Netherlands, the roundabout has been 

around for a long time and is often used by cyclis ts in the traffic network. Roundabouts have a lot in 
common, although each roundabout is different. The municipality of Breda represents an average city 

in the Netherlands and has several roundabouts within its urban area that are representative of 
roundab outs in the Netherlands and is therefore chosen as a case city. At all the roundabouts in Breda, 
cyclists have priority according to the SWOV (2022)  guidelines.   

 
The objective of this research  is formulated as:  

To gain  insight into the relation between subjective traffic safety and human factors for bicyclist at 
roundabouts  in the Netherlands .  

Questions  

To achieve the research objective  a research question is formulated. This research question should be 
answered after p erforming the research:  

What is the relation between subjective traffic safety and human factors at a roundabout for 
bicyclists?  

To answer and support the main research question, sub questions are formulated. Each sub -question 
is further explained.  

1.  What human factors influence bicyclist behaviour at roundabouts?  

The human factors are researched by desk research . With this question the bicyclist behaviour 
in relation towards the roundabout  is explained by scientific literature.  

2.  What is the subjective traffic safety of bicyclist at roundabouts?  
Different components of subjective traffic which influence the traffic safety of bicyclist  at 
roundabouts are explored  by desk research .  

3.  How do different circumstances affect human factors and subjective road safety of cyclists at 
roundabouts?  

To answer these sub -questions  the human factors and subjective traffic safety at different case -
locat ions will be researched . What are the circumstances as for example car or bike intensity, 
branches, speed limit at approaching lanes or  the signage at the roundabout.  

4.  How do stakeholders respond to  the outcomes of the relation  between subjective traffic safety 
and human factors in relation to current guidelines and applications?  

Through expert discussion with experts in the field of traffic safety and architecture, traffic 
psychologists and traffic advisor of the municipality Breda , the researcher  examine s how the 
findings of the study relate to the opinion of the experts in the traffic safety field.   

1.4. Scientific and societal relevance 
In this chapter the societal  and scientific relevance  of the research is described.  

Societal relevance  

The Nether lands is the bicycle -country, cycling is a main way of transportation. The number of 
kilometres covered by bicycle has increased in recent years and is expected to do so even more in the 
coming years by the policy goals to stimulate the bike as main means of transport (CBS; PBL; RIVM & 

WUR, 2022).  As a bicycle user the infrastructural network is used. A part of this network is the 
roundabout, at this location different transport modes, motorized and active traffic together.  

High quality infrastructure is a basic requirement for the stimulation of bicycle use in municipalityɍs 
(Mestrum, Tutert, & Meeuwissen, 2010) . By this research insights will be given to improve the safety  
of the roundabout and their surroundings. A combination between the approach by human factors and 
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insight in the perception of the bicycle users for a roundabout possible consideration  for the  design or 
development can by substantiated by society besides the existing guidelines.  

The results of this study can be incorporated by municipalities in the design and development of 
roundabouts . By the implementation of the results the bicycle users of  traffic circles will be helped by 

a safer roundabout .  

Scientific  relevance  

Traffic safety at roundabouts can be dived into objective and subjective traffic safety. Objective traffic 
safety at roundabouts has been extensively researched and is collected in  a literature review by Poudel 
and Singleton (2021) . Based on this literature review Poudel and Singleton (2021)  researched the 

preferences of bicycle users on roundabouts, which can be seen as a part of the subjective safety at 
roundabouts. Research towards subjective safety has been done at infrastructural level in general 

(Donkers, 2022)  (Kessels, 2005)  (Miedema, Menkehorst, & Molen, 1987)  (SWOV, 2016)  (Vlakveld, 2009)  
(Vlakveld, Goldenbeld, & Twisk, 2008)  (Sørensen & Mosslemi, 2009) . Other researchers looked ad 
subjective traffic safety at a local level in the Netherlands (Boer, 2006)  (de Rooij, 2021) and (SWOV, 

2016). But this research is not specified for roundabouts in the Netherlands. To conclude, this results 
in a research gap for the subjective traffic safety for roundabouts in the Netherlands.  

 
The second part of the research is towards the human factors. Rijk swaterstaat  (Rijkswaterstaat, 2016)  

defines the human factors , ergonomics, as the interaction between humans and the designed technical 
and organizational environment. In the guideline human factors for traffic safety in road d esign 
examples are given to use the approach at highways  or motorways . The human factors have not been 

researched at specific location s in the infrastructural network , such as a roundabout .  
 

The scientific relevance of this research contributes to three different literature gaps, the gap for 
subjective safety at roundabouts itself, the second gap of human factors at roundabouts but the most 
important gap is the gap in knowledge about the relat ion between subjective safety and human factors 

and how they relate to each other  at roundabouts .  This research could serve as a filling of existing 
literature gaps.  Additionally, the  approach of combining human factors and the subjective traffic safety 

is a new approach to analysing the road safety of cyclists at roundabouts.  

1.5. Reading guide 
This research is divided in a couple of chapters. In the next chapter the theoretical framework will be 
discussed. This framework will detail the concepts roundabouts, subjective traffic safety and human 

factors  and their relation to each other in a conceptual model. Followed by chapter 3 methodology. In 
this chapter the methodology of this research will be explained and discussed. The cases are introduced 
in chapter 4. In chapter 5 an overview of the observations  for the human factors  is given. The survey 

for the subjective s afety at the roundabouts is analysed in chapter 6. The relation between the two 
concepts is set out in chapter 7. The relation outcomes with  possible conclusions and their relation 

towards the expert field are described in chapter 8. To conclude with a conclusion and recommendations 
for further research in chap ter 9. Used abbreviations in this research are appended in appendix A.  
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2. Literature review and 

theoretical framework  
This research uses two concepts:  the subjective traffic safety of bicyclist and the human factors of 

an  infrastructural element, the roundabout. This  chapter introduces the concepts by a definition, 

review of the literature and an introduction to the frame work. This chapter concludes with the 

conceptual framework for this research and the operationalisation of the framework.  

2.1. Roundabout 

Definition  

The CROW defined a Dutch roundabout as an ɐA single - level intersection where traffic is handled in 

circular moti on. Traffic at the roundabout  has priority and the roads connect radially ɑ (CROW, 2015). 
Between the roundabout different variants can be distinguished ; priority situation, bicycle facility, 
pedestrian facility, public - transpor t facility, number or lanes or arms. In general roundabouts can be 

divided into one - lane, multi - lane,  or turbo roundabouts (CROW, 2015).  
 

The roundabout is a different concept then the traffic circle  or traffic square . Traffic  circles are designed 
for high -speed traffic (RoundabosLit) . The roundabout  distinguishes itself by the right of way at the 
roundabout and the slower, consistent speeds. In an ɐoldɑ traffic circle the entering traffic had the right 

of way, at a roundabout the yield -at-entry applies and for none of the arms there is a straight movement 
(Jacquemart, 1998) .  

 
The Dutch  roundabout has branches inside and outside the built -up area connecting radially. In design, 
this is different from Anglo -Saxon countries where exiting  branches do not branch off radially. The 

radial branching also requires motorized traffic to exit the roundabout  at a reduced speed  (Fortuijn, 
2013).  

Literature review  

The safety at roundabouts has been researched by analysis of the objective traffic safety. Poudel and 

Singleton (2021)  wrote a literature review for all the research towards traffic safety at roundabout for 
bicyclist. This overview shows that the bulk of accident data is used as a starting point for the study.  
Poudel and Singleton identified a research gap in the preferences of bicycle users  for roundabout 

attributes. With research towards the preferences for bicyclist at US roundabouts by Poudel and 
Singleton (2021) , they filled in this research gap. In this research the characteristics to consider for th e 

design of a roundabout in research are identified.  
TABLE 2.1:  CHARACTERISTICS 

Central island  The properties of the central island such as diameter and height.  

Bicycle facility type  The characteristics of the bicycle facility such as its presence, number 
of lanes and avoidance options  

Traffic volume  The numbers of traffic that use s the roundabout  

Approach speed - limit  At what speed the roundabout  is approached  

2.2. Subjective traffic safety 
Subjective traffic safety is a part of traffic safety,  and it is essential  to distinguish the objective and 

subjective road safety . When traffic safety is discussed, it is usually in the form of numbers of accidents 
or traffic casualties. Poudel and Single ton (2021)  clarified this in their literature review  by giving an 
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overview of all the traffic safety researches at roundabouts . The approach of numbers falls into  objective 
road safety . Sørensen (2009)  defines objective traffic safety as a meaure for road safety which is based 

on the recorderd numbers. Subjective road safety is how the road user himself experiences safety.  
Vlakveld (2009)  found a  weak relationship between subjective and objective road safety. The situations 

considered dangerous by road users are often not the situations where most accidents occur.   
However, in some situations the two are related.  The subjective traffic safety influences the behaviour 

or the mobility choices of a user.  An example is shared space where the idea is that the feeling of 
insecurity leads to more alertness on the part of traffic participants. Studies by Holmes (Holmes, 2015)  
and Jayakody et al. (2018)  substantiate this.  In this research the objective traffic is disregarded  and 

the subjective traffic safety for bicyclist is researched. One motivation is the a bsence of data in terms 
of type of accidents at specific roundabout  location s as for example when a car is turning,  or a cyclist 

is coming up.  

Definition   

Road safety is often seen as the number of accidents and measured in numbers; this is objective road 

safety. The objective traffic or road safety is based on numbers of accidents or injuries (Sørensen & 
Mosslemi, 2009) . Another component of traffic safety is the  subjective road safet y.  There are several 

definitions towards subjective traffic safety. Three examples are as following.  
-  ɐThe feeling of being safe. In other words, it is about perceived road safety and perceived road 

unsafety. This can be the perception of a single person, but it can also be the perception of 
groups.ɑ (Vlakveld, Goldenbeld, & Twisk, Beleving van verkeersonveiligheid; Een 
probleemverkenning over subjectieve veiligheid,  2008, p. 10)  

-  ɐThe perceived level of risk of being involved in a traffic accident resulting in material and/or 
emotional harm, and/or physical injury or fatality. In other words, the perception of traffic 

unsafety.ɑ (Kessels, 2005, p. 36)  
-  ɐThe degree to which road users feel safe or not when participating in traffic. This perception 

strongly determines how the road user perceives the traffic situation, assesses risks and what 

behaviour he or she developsɑ (Boer, 2006, p. 22)  
Visible in these definitions is the close relation with the concept Ɍrisk perceptionɍ, for this concept is no 

agreed-upon standard definition (Shinar, 2017) .  
The definition of subjecti ve traffic safety for this research  is formulated as ɐthe personal experience, 
observations and perceptions of traffic safety ɑ.  

Literature review  

As the definition states the subjective traffic safety is how a user, cyclist, experiences the traffic 

situat ion. The experience can be approached in several ways. The subjective traffic safety at a 
roundabout has not been researched before. But the relation between subjective traffic safety and road 

safety measures for bicyclist has been made.  
 
According to Amu ndsen en Bjørnskau (2003)  only few research ers have studied the experience of road 

users influenced by different factors. Out of this research  it seems that for the subjective traffic safety 
the intensity of the traffic is an important factor. Elvik and Sælensmind e (2000)  agrees with this 

conclusion  by concluding the subjective safety among vulnerable road use rs is mainly influenced  by the 
traffic volume, speed,  and number of road accidents. Sælensmind e (2002)  states the subjective traffic 
safety is influenced whether different transport modes have their own tracks,  or they must  share paths 

with motorized traffic. In this research different intersections are compared towards subjective traffic 
safety. S ørensen (2009)  made a general overview of the factors influencing subjective traffic  safety of 

vulnerable road users, this overview is shown in Table 2.2. It must be mentioned here that this is 
different for every situation and road user, and it was n ot looked at specifically for roundabouts.  
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TABLE 2.2:  FACTORS INFLUENCING SUBJECTIVE SAFETY OF VULNERABLE ROAD USERS (SØRENSEN & MOSSLEMI,  2009) 

Factor Impact   

Traffic volume  More traffic -> more unsafety  

L
a

rg
e

 s
ig

n
ific

a
n

c
e

 

Speed Higher speed -> more unsafety  

Heavy vehicle  Heavier vehicle -> more unsafety  

Thoughtfulness  More thoughtfulness from drivers -> less unsafety  

Distance (width of lanes and 

shoulders)  

More distance between vehicles and vulnerable road users -

> less unsafety  

Crossing distance  Less crossing distance -> less unsafety  

Vulnerable road users  More cyclist and pedestrians -> less unsafety  

Cycle and foot path  Cycle and foot path -> less unsafety  

Separation/ integration  Separation -> less unsafety  

S
m

a
ll s

ig
n

ific
a
n

c
e

 

Design of intersection  3- leg and 4 - leg junction -> more unsafety  

Number of crossings  More crossings -> more unsafety  

Road conditions  Slippery, icy and holes -> more unsafety  

Sight conditions  More sight -> less unsafety  

Road lights  More light -> less unsafety at night  

Skills More skills -> less unsafety  

Personally protection  More protection equipment -> less unsafety  

 

With these factors an overview of how the userɍs experience is influences is given. Jacquemart (1998)  
researched the subjective traffic safety of pedestrians, light motorcycle,  and bicyclist at roundabouts. 
The results i ndicated that 74% of the interviewed bicyclist felt safe at a roundabout. M øller and Hels 

(2008)  studied the perceived safety of bicyclists at roundabouts in Denmark. The situations involving a 
circulating bicycle and an  existing or entering car are seen as the highest level of risk.  

Framework  

The perception of risk  and safety  in traffic is different every time and is therefore determined by the 

situation at the time.  Menkehorst (1986)  has developed a model for the perception of road safety, this 
model combines the risk acceptance model of Cvetkovich & Earle (1991)  and theory of planned 
behaviour of Ajzen  (1975) . Me nkehorst's model was developed specifically for determining subjective 

traffic safety at a specific location in a residential area. Because of this application, the model converts 
well with the roundabout  as a specific place application. The theories under lying the model can be used 

to explain road user behaviour and risk acceptance. With Cvetkovich  (1991) , each time the user is 
introduced to a changed situation to which the user must respond. In the theory of planned beh aviour  
of Ajzen (1975) , certain behaviour is performed because the intention for certain behaviour is 

developed.  
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The model of Menkehorst can be seen as  a combination of the previous mentioned theories but also 
combines theories related to experience and appraisal from Lazarus & Cohen (1977)  which made a 

division in environmental stressors . The model is shown in Figure 2.1 and each component of the model 
is explained.  

 
The surrounding s context is a general term for everything that applies at the specific location where 

traffic participants encounter each other. Characteristics covered include expectations of conflict, traffic 
intensity, potential conflicts,  and number of accidents.  Central to the model stands appraisal .  The 
definition of appraisal  is an examination of the value, condition, qualities, etc. of something  (Cambridge 

Dictionary, n.d.) .  
In traffic, people interact wit h other road users.  As a user, you observe actions of fellow users and try 

to identify the cause of the action  (Menkehorst, Miedema, & Molen, 1986) . Attributes  is a psychological 
process of attributing causes to behaviour.  
In t his model appraisal is seen as the process in which an event is evaluated as defined by Folkman 

and Lazarus (1980). Primary appraisal answers the question ɐWhat is going on?ɑ In secondary appraisal 
the questions ɐShould I do anything to reduce the threat? ɑ and ɐDo I have the ability to avert the 

threat?ɑ. The appraisal process is influenced by several factor : attributes, attitudes, experience, risk,  
and control.  

FIGURE 2.1:  MODEL FOR EXPERIENCE OF TRAFFIC SAFETY (MENKEHORST,  MIEDEMA,  & MOLEN,  

1986) 
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Attitudes  are the impressions one gains in the traffic situation leads to an attitude toward a particular 
situation  (Menkehorst, Miedema, & Molen, 1986) .  The difference between attitude and behaviour can 

be seen in the found in the model for the theory of planned behaviour by Fishbein and Ajzen (1975)  as 
shown in Figure 2.2. Fishbein and Ajzen state that the performance of an action is depended on the 

intention to certain behaviour.  
The factor experience  is about the personal experiences  in traffic. When someone has been involved in 

an accident or near accident before, it leads to a different perception of road safety than when someone 
has no experience with an accident.  Risk catches the perception of risk and danger related to a specific  
situation. Menkehorst (1986)  defines the risk as the chance something occurs and the impact degree . 

In the model, control  is about the extent to which the user believes his effort determines the outcomes. 
When one feels in control, one can respond to possible negative situations.  The concept perception of 

traffic safety  followed of the appraisal process is related to the con cept of anxiety. The perception can 
change over time.  
From the appraisal process, the perception of the road user follows which leads to how the road user 

deals with the situation, coping. Folkman and Lazarus (1980)  define coping as ɐthe cognitive and 
behavioural effort to tolerate, reduce and control external and internal demands on the organism and 

especially the conflicts between themɑ. Within coping, Lazarus distinguishes between two modes of 
coping: 'problem focused  coping' and 'emotion focused coping'.  If there is a difference between the size 
of the problem and the solution possibilities seen, a situation arises that needs to be dealt with, Ɍcopingɍ 

(Vlakveld, Goldenbeld, & Twisk, 2008) .  

2.3. Human factors 

Definition  

The human factors (HF) are the term used in the United States. In Europe the term HF and ergonomics 
are used interchangeably  (Sanders & McCormick, 1993) . In this research these terms are not 
distinguished and seen as synonyms. Human factors focus on the relation between human beings and 

their relationship  with products and how the design of things influence people.  
With the use of human factors as an app roach to look at a system. Researchers seek to change elements 

in the system and his environment to adjust the system in an efficient system with less limitations and 
suitable to the needs of the users.  
The definition of the human factors in this research  is the definition Sanders (1993)  gives. This definition 

is a modification of the definition by Chapanis (1985) .  
ɐHuman factors discover  and applies information about human behaviour,  abilities, limitations, and 

other characteristics to the design of tools, machines, systems, tasks, jobs, and environments for 
productive, safe, comfortable, and effective human useɑ -  (Sanders & McCormick, 1993, p. 5)  

FIGURE 2.2:  THEORY OF PLANNED BEHAVIOR MODEL (FISHBEIN & AJZEN,  1975) 
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Literature review  

Task hierarchy and task performance  

The on - the-road behaviour must  be seen because of  the road traffic system (Gstalter, 1988) . The road 
traffic system consists of the users (drivers, cyclists,  or pedestrians), t he vehicle, the infrastructure,  

and the environment as subsystem (Ogden, 1990) . As a user of the network, the human is driving, 
bicycling,  or walking. This is a complex task, with different factors and to approach the driving p rocess 

of a user Plankermann (2013) made an association can be found between the task hierarchy model 
(Michon, 1985)  and task performance model (Rasmussen, 1985) .  
The task hierarchy model divides the driving task in three levels. The strategic level defines the general 

planning of the trip as destination and transport mode. In the manoeuvring level the dr iver reacts 

towards the situation, turning, responding to traffic signs,  or overtaking are examples of actions by the 
driver (Michon, 1985) . In the lowest task, control, the driver is responsible for the automatized task as 

the speed and position on the lane (Plankermann, 2013) . The skill, rule,  and knowledge framework of 
Rasmussen (1985)  can be associated with each of the task levels. At the knowledge level the actions 
and their goals are defined. The rules are controlled by the stored rules in memory (Plankermann, 

2013). And in the skill part represents the a ctions followed by a statement or intention (Rasmussen, 
1983).  

 
The driver in this situation can be a driver of a motorized vehicle or a bicycle. In this research the 
perception of the driver of the bike uses the roundabout .  

Human factors  

The models used to explain road user behaviour form the basis of human factors . As defined in the 

definition , human factors are the relationship between product and user and optimizing it. Different 
models have been created to identify the  human behaviour using human factors. For each of the models 
the task hierarchy model and the task performance model can be seen background information on 

which further work was done.  The following paragraphs describe and illustrate different approaches to  
human factors.  The differences and similarities are identified followed by the establishment of one 

human factors model to accompany this study.  
 
Tertoolen (2012)  divided human factors in the analysing and influencing actual exhibited behaviour and 

analysing and influencing the subjective perception. By answering four questions the process of 
behaviour in traffic is explained. The questions are the  established for the four  factors:  observing, 

understanding, capability and willingness. In this model, the factors are seen as separate elements that 
collectively result in road user behaviour.  

FIGURE 2.3:  THE ASSOCIATION BETWEEN TASK HIERARCHY MODEL 

(MICHON,  1985) AND TASK PERFORMANCE (RASMUSSEN,  1985) 

(PLANKERMANN,  2013) 
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The same factors recur the relevant elements from behavioural theories collected for approaching road 
safety in highway design by Rijkswaterstaat (Rijkswaterstaat, 2016) . Rijkswaterstaat sees the coherence 
between the different factors as shown in Figure 2.5. In this model there is no direct relation with the 

behaviour of users. However, it is evident that all factors influence each other.   
 

Harms (2022)  combined the principle of a simplified theory of buyer behaviour (Howard & Sheth, 1969)  

with in -  and output with the principles of the behaviour model. In this model the same factors as 
Tertoolen and Rijkswaterstaat are used. But the expectation - factor is added as an overarching factor 

over the other factors . As in dicated by the box around the factors, the different factors are influencing 
each other towards the response or behaviour of the user.  
Harms even made a connection with the 10 golden rules developed  by van der Horst et al .  (2008)  and 

the principles elaborated by  Theeuwes et al . (2017) . An important principle  in the expectations in the 
theoretical principles is the use of self -explaining roads and traffic system. Theeuwe s et al.  (2017)  see 

the concept self explaining roads (SERs) as the idea that people  categorize  object based on general 
notion. The principles of self explaining roads come back in the ɌDuurzaam Veiligɍ program. This vision 

is developed to improve the traffic safety in the Netherlands by taking the needs, abilities, limitations 
and vulner ability of people, the traffic system can be realistically designed to be as safe as possible  
(SWOV, 2018) .  

FIGURE 2.5:  COHERENCE BETWEEN FACTORS (RIJKSWATERSTAAT,  2016) 

FIGURE 2.4:  MODEL OF CONSCIOUS INFLUENCING OF BEHAVIOUR (TERTOOLEN,  GROTENHUIS,  & LANKHUIJZEN,  2012) 

FIGURE 2.6:  HUMAN FACTORS MODEL (HARMS,  2022) 
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A fourth framework for the human factors is developed by Rypkema, Lamber and Caprari (2019) . In 

this model the factors understandings, observing, expectations, capability,  and willingness influence 
the road -user. These factors are influenced by the infrastructure in four different groups , these are the 
so-called external f actors . The road design, road lay -out, traffic situation and surroundings of the road. 

The framework is shown in Figure 2.8.  
 

The different models of Tertoolen  (2012) , Rijkswaterstaat  (2016) , Harms (2021)  and Rypkema et al . 
(2019)  have corresponding factors and the relationship between the different components seems to 

FIGURE 2.8:  FRAMEWORK FOR HUMAN 

FACTORS ROAD TRAFFIC (RYPKEMA,  

LAMBERS,  & CAPRAR,  2019) 

FIGURE 2.7:  HUMAN FACTORS (2022)AND STRUCTURE OF THE 10 GOLDEN RULES:  FIVE THEORETICAL PERSPECTIVES 

(THEEUWES,  VAN DER HORST,  & KUIKEN,  2017) 
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match. However, there are slight d ifferences in the factors. Tertoolen  (2012)  does not include 
expectations in the behaviours. Rijkswaterstaat  (2016)  does not specifically explain the relationship 

between the factors a nd behaviours.  Harms (2021)  and Theeuwes (2017)  include infrastructure in the 
model, Rypkema et al (2019)  detailed the infrastructure further .  

Since the questions formulated by Tertoolen  (2012)  can only be addressed by including infrastructure 
externalities. In this study, is the external components part of the model.  

Framework  

In this research the interpretations of human factors in road traffic situation by Tertoolen, RWS , Harms 
and Rypkema is made as framework for the human factors in Figure 2.9.  

The external factors influence the driver task. Although the factors have similarities,  they are 

distinguishable . Road design is the way the different tr ansport modes are divided and their 
characteristics at the location. With the road lay -out  everything that has been done to trigger certain 

driving behaviour is meant. At a roundabout a car should drive counter clockwise , this is indicated by 
marking and s igns.  With all the information available on the road, it should be clear to the user what 
behaviour is expected of them.  All the present traffic at the roundabout is considered in the traffic 

situation . The type of traffic and their intensity influences ho w the user acts at a certain point. The 
situation can differ between situations based on time and is dynamic of nature. Surroundings  relate to 

the environment that may affect driving behaviour.  The presence of schools or train stations lead to 
more users who want to reach a particular location in a hurry.  Surroundings is another dynamic factor . 

 
The aspects of the human factors are related to the human actions. At a roundabout a lot of informati on 
can be gathered. In the first factor, observing , is about whether the information is easily visible in 

relation to the roundabout. Within the factor understanding  is considered if the information is well -
processable and understood in the correct way. Te rtoolen (2012)  stated understanding information is a 

requirement to be able to react. Questions to be asked are ɐDoes the road user understand the 
information,  and does he know how to react? (Rypkema, Lambers, & Caprar, 2019) .  
If a road user understands what he should do, he should also be able to perform desired behaviour. 

The factor capability  considers if the user can perform the behaviour.  
When the road -user understands the need of actio n and sees the opportunity to perform a certain 

action, the user will strive to take the action according to. Willingness,  the extent to which the road 
user is willing to perform the desired behaviour (Rypkema, Lambers, & Caprar, 20 19). The expectations  
of a user towards the roundabout are based on driver -experience with specific objects and how they 

FIGURE 2.9:  HUMAN FACTORS FRAMEWORK A COMBINED VERSION OF TERTOOLEN (2012) ,  RIJKSWATERSTAAT (2016) ,  

HARMS (2021)  AND RYPKEMA ET AL (2019) .  
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are prepared for the object to come. Question to answer is ɐDoes the situation at the object conform 
to road user expectations?ɑ.  

 
The behaviour  of the user can be seen at the object, the roundabout, itself. At this roundabout the 

driver of a motorized vehicle and bicycle performs certain behaviour based on the human factors. 
Cyclist behaviour can be divided into how cyclists cycle across the roundabout, whether priority is given 

when it should be and whether they can enter the right branch.  

2.4. Conceptual model 
In the previous three paragraphs the research topics, roundabouts, subjective traffic safety and human 
factors have been defined and explained  by scientific literature  and a framework has been defined . 

Based on these findings the conceptual model has been created. The conceptual model is a combination 
of the two frameworks related to the subjective traffic safety and human factors. The conceptual model 
is explained in this chapter stepwise.  The conceptual model can be seen as two different models which 

star t at the roundabout and are researched separately . The relation between the models is researched 
in this research.  

 
The model for the subjective traffic safety is  equivalent to the model  of Menkehorst (1986)  shown in 
Figure 2.1. The explanation of the factors as in  2.3  Framework  is also applicable  for the conceptual 

model.  The surroundings in the model of Menkehorst (1986)  changed to location characteristics  this  
term better covers the factor and there are no duplications in terms inside the conceptual model.  

The human behaviour at a roundabout can also be seen from the human factorɍs perspective. The 
hum an factors model remains the same as explained in the chapter human factors Framework .  

 
 

 
 
 

 
 

 
 
 

FIGURE 2.10:  CONCEPTUAL MODEL SUBJECTIVE TRAFFIC SAFETY 

FRAMEWORK BY MENKEHORST (1986)  
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The hypothesis of this research is that  between the coping of Figure 2.10 and the behaviour Figure 2.11 

a relation can be found. The coping is the way users handle their perception of subjective traffic safety 
at a roundabout in the context of subjective traffic safety. On the other side of the conceptual model 
the factor s leading to the human behaviour based on the external and human factors.  

In this research the hypothesis is that coping,  and behaviour are related to each other  or even can be 
seen as the same. Coping and behaviour are approached in different ways The coping is researched by 

the subjective traffic safety and the behaviour by the human factors. The researched relation betwee n 
subjective traffic safety and human factors  is indicated with a purple arrow in Figure 2.12.  This research 
looks at  both sides of the conceptual mode l separately to see if a relation between the two models can 

be made  and what the relation between coping and behaviour is.  

Operationalisation  

To research the conceptual model ,  the factors  must  be operationalized. For subjective safety, the 

various factors have been elaborated in the elaboration of the framework. For the human factors, more 
in-depth elaboration is required.  

Human factors  

For the human factors the model consists of external factors, human factors,  and behaviour. In Table 

2.3 the external factors are operationalised. The human factors of the framework are operationalised 
by a question per factor to answer during the observation as shown in Table 2.4.  
The operationalisation of the external factors are a further elaboration of the concepts named by 

Rypkema et al  (2019) .The operationalisation of the human factors was done on the basis of the 
questions posed for the various components of the human factors in the Rijkswaterstaat (2016)  guide 
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FIGURE 2.11:  HUMAN FACTORS DRIVER BEHAVIOUR 
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and the questions posed by Tertoolen (2012)  for the application of the human factors. The questions 
from Rijkswaterstaat and Tertoolen overlap but are sometimes worded differently.  Table 2.4 shows the 

questions used as a starting point in this study.  
 

TABLE 2.3:  OPERATIONALISATION EXTERNAL FACTORS 

Road design Road lay-out  Traffic situati on Surroundings  

Design speed  Visibility  Traffic type  Covering by plantings, 
buildings,  or objects  

Road width  Recognizability  Traffic intensity  Sounds 

Priority  Signage Rush-hour  Type of facilities in the 

area 

Facilityɍs Marking   Presence of stations or 

schools 

TABLE 2.4:  OPERATIONALISATION HUMAN FACTORS 

Observation  Can all the information for the situation be detected?  

Understanding  Is the situation well understood?  

Capability  Can the desired behaviour be executed infrastructure -wise? 

Willingness Are road users willing to perform the desired behaviour?  

Expectations  Does the situation conform to road user expectations?  
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3. Methodology  
To answer the main question of the relation between human factors and subjective traffic safety at 

roundabout research will be done. For this research the strategy, methods, data collection and 

data analyses are  defined. In this chapter an overview will be provided into the methodological 

choices that are made to  answer the research question.   

3.1. Research strategy 
This research will have an explorative character. Van Thiel (2014, p. 15)  defines explorative research  
as ɐan investigation into a subject which is little or no knowledge available ɑ. According to van Thiel 
(2014)  exploratory research leads to a description as a result. This fits the research question  of th is 

research .  
 

A researcherɍs beliefs and assumptions can be influence d by  the research  paradigm. Therefore, it is 
important to define the research paradigm for the research. This research is performed  by a 
constructivist approach.  Guba & Lincoln  (1994)  define the constructivism approach by that realities are 

apprehend able  in the form of socially and experientially based constructions.  
 

To conduct the research a research strategy must  be chosen. Van Thiel (2014)  defines the research 
strategy as a logical procedure to be able to answer the research question. Verschuren and Doorewaard 
(2021)  distinguish three choices the researcher can make towards the research. These are between an 

in-depth or broad research , empirical or theoretical research and qualitative or quantitative research.  
 

To answer the research question ,  a case study where the research problem is the context of to explore, 
describe, diagnose, design,  and evaluate is a suitable choice (Thiel, 2014) . Saunders et al (Saunders, 
Lewis, & Thornhill, 2019)  define a case study as in-depth research of a topic . For this research,  an in -

depth study of the relation is an essential part to answer the research question. Case-studies are as a 
suitable strategy to answer questions of why and how (Verschuren & Doorewaard, 2021) .  

 
In this study quantita tive and qualitative data will be analyzed in the same context of traffic safety of 
bicyclist on a roundabout. With the mixed methods potential strengths of both research strategies can 

complement each other and new relations between different layers can b e uncovered (Greene, Caracelli, 
& Graham, 1989) . The analys is of subjective traffic safety are an interpretive process and therefore 

FIGURE 3.1:  CS-MM:  A NESTED CASE STUDY IS 

INVESTIGATED BY USING BOTH A QUANTITATIVE AND 

QUALITATIVE COMPONENT (GUETTERMAN & FETTERS,  2018) 
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must  be a qualitative approach. The analyses of human factors  are a combination between a 
quantitative and qualitative approach.  

By using the mix method strategy and a case -study both methods the full picture of the subjective 
traffic safety of bicyclist and human factors  at roundabouts will be drawn. It gives a complet e overview 

of the relationship subjective traffic safety and the human factors . Guetterman and Fetters (2018)  
defined a design for a combination of a case -study and mixed methods in the Case Study Ɉ Mixed 

Methods design as shown in  Figure 3.1.  

Research method  

Within the research strategy , case study, a combination of research methods is used.  The research 

starts with desk research  towards the previously conducted research and the theoretical framework. 
Followed by an interview  with different stakeholder towards their main concerns for roundabouts.  

For every case location the human factors in the way of observing human behavior in real life will be 
observed. This is part of the research method,  observation . Within the cases the subjective traffic 
safety will be researched by a questionnaire  with the system mappinion , developed by DTV Consultants .  

To eventually end with an expert discussion  about the outcomes of the case -study and how the expertsɍ 
opinion relate s towards th e outcomes . Figure 3.2 gives an overview of this process in relation to the 

research questions.  

3.2. Data collection 
The data in this research will be collected during interviews and a case. The overall municipality loc ation 
for the cases is chosen. At these case - locations the observation and questionnaire will take place.  

Case 

With the case study as one of the research strategyɍs, cases are defined. The trade -off was to compare 

roundabouts within one specific  municipal ity. With this choice, there is the opportunity to take 
advantage of the bicycle user comparison between roundabout s. Since multiple roundabout s can be 

used by the cyclists. In addition, there is the opportunity to analyse municipal policy. Also, choosing 

FIGURE 3.2:  OVERVIEW RESEARCH METHODS AND RESEARCH QUESTIONS 
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roundabouts within one municipality has practical advantages for the researcher herself due to the 
accessibility and there are promising  opportunities to reach a larger number of respondents  for the 

surveys and interviews . 
 

As case location the municipalit y Breda is chosen. The municipality is a representative municipality for 
municipalityɍs in the Netherlands. Different types of roundabouts can be found in the municipality in 

terms of bicycle facilities, surroundings,  and locations in the traffic network. This allows good variety 
of roundabouts to be selected as case roundabouts. Across the municipality, bicycl ist  have priority on 
roundabouts.  

Observation  

With an observation the researcher used her own observations and interpretations to arrive at 

conclusions (Thiel, 2014) . The observation is used to determine the human factors at the roundabout. 
At the case locations an open observation format where the researcher is present in the situation but 
not involved in the situation , this is a direct non-participant observation (Ciesielska, Boström, & 

Öhlander, 2018) . During the observations the observer will take notes . In addition, during the 
observations, a camera will record the situation so that moments can be reviewed later . Possible users 

in the footage are unrecognizable. The visuals  are used only for verification of observations.  For the 
recording permission by the municipality is granted.  
 

The observations are done by an observation scheme. An observation schema is an instrument for 
noting dow n observations (Thiel, 2014) . The observations are used to determine  the human factors , in 

the observation scheme these elements are operationalised. By the operationalisation the factors 
become factors to be observed easily. Table 3.1 shows the operationalisation for the external factors 
of the human factorɍs framework. For each factor the themes a nd aspects are identified. The categories 

for self explaining roads by Theeu wes (Theeuwes & Godthelp, Self -explaining roads, 1995)  has been 
used as a starting point  for the operationalization of the observation scheme. For each aspect an 

indication of the quantity of observation is indicated. The exter nal factors will change less  therefore a 
single time observation will satisfy. Possible changes in external factors will be accommodated through 
discussions with the municipalit y.   

TABLE 3.1:  OBSERVATION SCHEME EXTERNAL FACTORS 

Factor Theme Aspect 

Road design Centre island  Height  

Tree 

Middle roadside  

Bicycle facility  Location  

Direction  

Width 

Space between lanes  

Materialization  Motorized traffic  

Bicycle path  

Intersections  

Other  Other  

Road lay-out  Signs Roundabout 

Priority  

Other signs  

Lighting  Car 

Bike 

Marking  Car 
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Bike 

Pedestrians 

Visibility  Obstacles 

Other  Other  

Traffic situation  Traffic type  Traffic type  

Intensity  Car 

Bike 

Public Transport  

Other  Other  

Surroundings  Sounds Sounds 

Facilities in area  Type 

Route to a specific location  School 

Train station  

Other destinations  

Other  Other  

 

The human factors of the human factorɍs framework are operationalised in chapter 2.3. For every factor 
a question theme has been formulated to answer by the indicated aspects. The human factors can be 

depended on the observation period.  Therefore, this observation will take place twice or more if desired 
and possible . The final observation scheme can be found in appendix H.  The car intensity factor for 

each roundabout has been determined by traffic counts commissioned by the municipality . These 
counts were collected in a digital environment  (BASEC, n.d.) . The intensities on the branches of the 
roundabouts were compared and scaled from low to high intensities based on the comparison. The 

roundabout  is estimated  by scale amount of traffic.  For each roundabout the main route has been given 
for car and bicycle traffic. The intensity for bicycles is determined in a similar manner. However, data 

from the municipality of Breda from the RingRing (RingRing, n.d.)  project was used for this purpose. 
Where users can earn things and share their bicycle data. Based on this data an estimate can be made 
of how busy the bike paths on and around the roundabout  are. This has been taken as a starting point 

for determining int ensities.  
TABLE 3.2:  OBSERVATION SCHEME HUMAN FACTORS 

Factor Theme-question  Aspect Clarification  Quantity  

Observations  Can all the 
information for 

the situation be 
detected?  

Are the signs visible for 
the bicyclist?  

Yes / no / partly ɖɖ 2+  15-minute  

When approaching, is 

the roundabout easily 
visible? 

Yes / no / partly ɖɖ 2+  15-minute  

Understanding  Is the situation 
well understood?  

Is the information clear 
or ambiguous  

Clear 
ambiguous  

2+  15-minute  

Is it clear what is 
expected of the user 
relative to other traffic?  

Yes / no / partly ɖɖ 2+  15-minute  
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Capability  Can the desired 

behaviour be 
executed 
infrastructure -

wise? 

Are all road users able to 

avoid? 
-  curve radius  
-  distance between 

car and bicycle  

Yes / no / partly ɖɖ 2+  15-minute  

Is it possible to 

anticipate other traffic?  

Yes / no / partly ɖɖ 2+  15-minute  

2+  15-minute  

Willingness Are road users 
willing to 

perform the 
desired 

behaviour?  

As a cyclist, do you want 
to cycle as intended?  

Yes / no / partly ɖɖ 2+  15-minute  

As cyclists, do you want 
to change your 
behaviour to improve 

safety? 

Yes / no / partly ɖɖ 2+  15-minute  

Expectations  Does the 

situation 
conform to road 

user 
expectations?  

Is other traffic behaving 

as expected?  

Yes / no / partly ɖɖ 2+  15-minute  

 
The observations and the human factors model finish  with the factor behaviour. This is the actual 
behaviour of the user himself which is influenced by the factors described earlier. At each roundab out , 

specific behaviour of cyclists is watched and counted during an observation. This observation is done 
two times by  a 15-minute time lapse each time.  

TABLE 3.3:  OBSERVATION COUNTING SCHEME FOR BICYCLIST BEHAVIOUR 

Bicyclist cycles in the right direction  2+  15-minute  

Bicyclist cycles against direction  2+  15-minute  

Bicyclist on roundabout  swerves to avoid anoth er Bicyclist cycling into roundabout  2+  15-minute  

Bicyclist on roundabout  gets right of way from anoth er Bicyclist cycling into 
roundabout  

2+  15-minute  

Car takes priority over Bicyclist  2+  15-minute  

Bicyclist cycles against direction into a road  2+  15-minute  

Cyclists extend hand to indicate direction  2+  15-minute  
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Questionnaire  

At the cases the subjective traffic safety data is 

collected by a survey in the system mappinion. In this 
system respondents can choose specific roundabouts 

out of the selection to answer their questions about. In 
this questionnaire there are respondent specific  and 

roundabout specific  questions. The questionnaire is 
structured by  structure as shown in Figure 3.3.  After 
each roundabout specific question page,  the 

respondent is asked if he would like to answer more 
questions for another roundabout. The questionnaire 

consists of a diverse set of questions with open 
questions and questions with a Likert  scale. The open 
questions can help to get a comprehensive vi ew at the 

research topics (Albudaiwi, 2017) . The Likert  scale is 
an often -used method for measuring peopleɍs 

perception or attitudes (Jamieson, 2008) .  In appendix 
C an overview of the questions is appended. 
Respondents for the questionnaire will be reached by 

the network of the researcher, DTV Consultants,  and 
mobility advisor of the municipality Breda. The QR -code for the questionnaire  will be handed out at the 

locations of the roundabouts and will be spread by the regional bicycle union and with local newspapers.  

Interview  

For the selection of the cases information will be gathered by questioning  a mobility advisor  municipality 
Breda. This is done by an unstructured interview , in this interview the subject is introduced but the 
questions are not fixed beforehand (Thiel, 2014) . In the preparation an  interview guide is written and 

afterwards the interview is transcribed in the appendix  D. The coding which has been done after the 
interview is appended in appendix E.  

Expert di scussion 

The final sub -question is answered by an expert discussion. In this ex pert discussion, a focus group, 

will be formulated  in which people with different work functions come together. Within the focus group 
is a mobility consultant at the municipality, a traffic architecture and r oad safety consultant and a traffic 
psychologist at a consulting firm.  In this discussion a group of respondents will have an open discussion 

led by a moderator, as defined by van Thiel (2014) .  

3.3. Data analysis 
In this res earch data will be collected for the cases. For each data collection the analysis is described. 
The characterization for all the roundabouts in the municipality has been done by Excel. In Excel the 

different characteristics ar e clustered to make a comparison between the roundabouts. In the case -
study itself the surroundings of the roundabouts are also  analysed by Excel  and summarized in an 

appendix  B. The observations scheme for the human factors part of the research are analysed at a 
qualitative wa y by a excel.  
 

As explained in 3.2 the interview is transcribed. The data conducted in the interviews is recorded with 
permission of the responden t. These transcriptions are uploaded into  the coding program Atlas.ti. In 

this program an open coding has been done for the interview. Followed by a grouping of codes. Since  
the respondentsɍ native language is Dutch, the interviews, transcriptions, and codingɍs are in Dutch. 
When analysing the data and writing the results, the text is translated to Engli sh.  

FIGURE 3.3:  QUESTIONNAIRE STRUCTURE 
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The questionnaire has been held with the program mappinion, a survey program, developed by DTV 

Consultants. The data collected from the questionnaire have been analysed with excel, since the goal 
was to interpret the qualitative insights. Additionally, some elements, as correlation for example, have 

been analysed at a quantitative way. This has been done by the opportunities  of Excel.  

3.4. Validity and Reliability 
The validity of a research exists of internal and external validity. For every research it is essential that 
it is valid . Noble and Smith (2015)  defines validity as the integrity and application of the methods 

undertaken and the precision in which the fi ndings accurately reflect the data. In case study with a 
single case the external validity is limited . A solution for this is to identify sub -units. In this research 

the case roundabouts in Breda are divided into nine subunit roundabouts.  
 
For the questio nnaire the reliability and validity are determined by three factors:  operationalizations, 

non-response and respondentsɍ answering tendencies (Thiel, 2014) . The operationalization of the 
questions is ensured  by performing  a pilo t. The pilot has been set out to fellow students  and employees 

of the internship company . With this pilot feedback has gained about the formulation  of the questions . 
The non -response is a problem where not everyone responds to the invitation and thus there is not a 
representative respondent group.  Distributing the survey in different ways ensured external validity. 

The QR code or survey - link  was distributed at the roundabout s themselves and within different parties 
active in the municipality of Breda such as newspapers as shown in appendix J.  With this distribution is 

tried to have a respondent group like reality .  It should be noted that respondents who participate often 
have their own worse experiences on the roundabout and this is therefore a reason f or answering the 
questions. This does not give a fully representative picture  and is called non -responsive (Thiel, 2014) . 

Using an online questionnaire Wright (2006)  found additional problems  since it is not clear how 
representative the online comm unity is towards the entire population.  

Answer tendencies when using a scale are considered  by the analysation of the survey. A way to ensure 
interna l validity is to have multiple questions in the questionnaire about the same topic as control 
questions. In this survey, this has not been applied because of the additional length of the survey .  

 
External validity for this research is difficult . Since every roundabout is different,  the intensity, th e 

location, the number of arms, the bicycle facility. Therefore,  there is not one conclusion and the 
outcomes for this research are not direct useable for every roundabout.  
 

Roberts and Priest (2006)  described r eliabili ty  as how far the research will produce similar results in 
different circumstances . The circumstances at roundabouts will change, therefore it is possible to 

replicate  the research in other circumstances .  This research is performed by a clear operationalis ation. 
In the literature review a clear overview of the concepts will be given .   
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4. Case description  
In this chapter  contains the case overview. In the first part the vision of the municipality Breda and 

the guidelines which are used are described . The second part contains the selection of the case  

roundabouts in the municipality Bred a.  

4.1. Guidelines roundabouts 
In the Netherlands, there are no legal  requirements for the design of roundabouts  and other 

intersections. However, design recommendations have been given by CROW.  The m unicipality Breda  
is keeping the recommendation as guideline when designing new roundabout s. The existing guidelines 
for roun dabouts are the ɌBasiskenmerken kruispunten en rotondesɍ (CROW, 2015), ɌOntwerpwijzer 

Fietsverkeerɍ (CROW, 2016) and ɌEenheid in rotondesɍ (CROW, 1998).  
 

The CROW (2016)  advises to give priority to bicyclist at roundabouts  inside urban area . However, 22% 
of municipalities deviate from this recommendation  (Schermers, Dijkstra, Mesken, & de Baan, 2013) .  
The CROW (2016)  recommends that roundabouts with an intensity  exceeding 6,000 motorized vehicles 

per 24 -hour period be provided with bicycle facilities.  Points of attention given by the CROW  (2016, p. 
147) are:  

-  The design should encourage alertness of cyclists.  
-  The location where the cyclist crosses the roadway should be clear and noticeable.  
-  Cyclists should be highly visible near where they cross the roadway.  

-  Exiting cyclists s hould be able to leave the roundabout as quickly as possible.  

4.2. Municipality Breda 
The municipality of Breda (Gemeente Breda, 2021)  indicates in their environmental vision  2040 that 
they aim for zero traffic fatalities. The main solution for this is seen by the municipality as separating 

traffic flows and reducing the driving speed on the underlying road network.  By using a risk -based 
approach bottlenecks are being addressed . If  bottlenecks in the traffic network are known, they are not 

always addressed immediately. The municipality strives to make work with work, thus combining work. 
A change at a traffic circle that has been on the list for some time may therefore be addressed later 
than a modification where work can be combined with work.  A mobility consultant of the municipality 

Breda (2023)  indicated the  prefer ence of the municipality to construct a roundabout  instead of a  
regulated intersection,  if possible,  with the intensities and available space.  

Cycle highway  routes  

Another ambition is to construct  multiple cycle highways  inside the municipality and between other 

cities . These bicycle routes are separated from other traffic and creates fewer risks  (Gemeente Breda, 
2021).  These routes could potentially utilize the roundabouts in this study.  

F58 Breda -  Tilburg  

The province and the municipalities of Breda, Oosterhout, Gilze and Rijen and Til burg are jointly 
constructing a  cycle highway  between Breda and Tilburg. The route will run from the centre  of Breda 

via Dorst to the centre  of Rijen and then on to the centre  of Tilburg. The first section between Rijen 
and Tilburg has been completed. The section between Breda and Rijen will be completed by the end of 
2025 (Provincie Noord -Brabant, n.d.) .  This cycle highway  uses R15 and R16. Roundabout 15 has been 

constructed partly because of this route .  
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Breda Ɉ Etten -Leur 

The province  Noord Brabant developed in collaboration with the municipalities the cycle highways  

between Breda and Etten -Leur in 2004 (Nieuws Fietsberaad, 2009) . This route does not cross any 
roundabouts  that may be part of thi s study.  

4.3. Case selection 
The first step of this  case study is to define the case that is the subject of the study. In this research 

the relation between two different concepts is researched in relation to each other. The relation is the 
context but is analy sed at different locations. Since these different locations lead to different external 

factors  the context is changed per case. Every location is therefore a different case in his own context. 
This concept of having separate cases in the same context, the roundabout in the Netherlands,  is an 

embedded single case design  (Yin, 2003) .  
 
The selection of cases is done by an information -oriented selection (Denzin & Lincoln, 2011) . By this 

type a considered choice for the roundabouts is made by looking at design characteristics and 
surrounding area. With this approach a maximum variation of cases is chosen. Each roundabout  must 

meet the requirements to be eligible to be selected.  The requirements  are:  
-  Being in  the urban area,  
-  Having one lane,  

-  Within the municipality of Breda , 
-  Cyclists must be involved in the roundabout  in some way . 

Not all the roundabouts in the municipality are selected. The selected roundabouts must meet the 
above criteria and, in addition, the following principles will be considered in the selection :  

-  Differences in the direct environment  

-  Scattered across the munic ipality .  
 

Characteristics were identified for all roundabouts based on which the roundabouts are selected.  Table 
4.1 gives an overview of the  characteristics on which distinctions are made .  
TABLE 4.1:  DISTINCTION CHARACTERISTICS 

Characteristic  Description  

Quantity of arms  How many roads are connected on this roundabout?  

Maximum s peed What is the maximum speed of every road which is connected to this 
roundabout?  

Bicycle facility  What is the b icycle facility  on this roundabout?  

Priority  Does the cyclist have right of way  on this roundabout?  

Pedestrian crossing  What is the situation for pedestrians on this roundabout?  

Surroundings  In what type of surroundings is this roundabout located?  

Location in the 
network  

How does the municipality see the  roundabout in its network by the mobility 
vision of 2040  

In appendix B an overview of all the roundabouts in the municipality Breda based on the distinction 
characteristics is given.  Out of the overview 9 roundabouts have been selected based on having a 

variety of characteristics  and the principles stated above. The number n ine was chosen because of the 
time available and the time needed to advance the observations at the roundabouts.  In some cases, 
the distance between the different roundabouts made it interesting to use it as case -study roundabouts.   

In addition, M. Geervliet  (2023) , mobility consultant at the municipality of Breda, gave his 
recommendations for roundabouts where there have been a large number of negative reports of 

subjective traffic un safety or where accidents happen frequently.   
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Selection  

Several roundabouts can be divided into similar roundabouts.  It was chosen  to select two similar 
roundabouts on the edge of Ulvenhout and Bavel. These roundabouts both have the same role in the 
networ k. However, they have different facilities for cyclists. Roundabouts 15, 16 and 18 are essential 

for the bicycle network between Breda and Tilburg (Breda, n.d.) . Where for roundabouts 15 there are 
also many reports  of unsafety of the roundabout. Another roundabout that has received many reports 

is roundabout 2, located near a shopping centre in the north of Breda. On this roundabout, 3 branches 
with a maximum speed of 50 km/h meet and cyclists ride on the roundabout . Roundabouts 1 , 3, 4 and 
5 are close to this  roundabout . Roundabouts 4 and 5 have similar maximum speeds on the arms. 

Roundabout  14 was chosen because of its important location near the access to the A16.  
 

Roundabout  2, 4, 5, 7, 10, 14, 15, 16, 18 will b e treated as case locations in this study.  In Figure 4.1 
these roundabouts are shown with a yellow/orange colour . The numbers of the cases will remain the 
same. In Table 4.2 and Table 4.3 the characteristics of the selected roundabouts a re shown.  

 
With this selection, there is a variety of roundabouts but with corresponding characteristics spread 

throughout Breda. R7, R10 and R14 are all on the outskirts of a Bavel, Ulvenhout and Prinsenbeek. R2 
and R15 are located close to a shopping ce ntre and a residential area. R16 is distinctive due to its 

location in the middle of a residential area with a maximum speed limit of 30 km/h on all branches. 
R18 is located on a major cycle route. R4 and R5 are pretty much according to the guidelines and have 
similar traffic users. The selection considered  that preferences for certain roundabouts were also further 

considered from the municipality of Breda.  
 

R1 and R3 were excluded from the study due to their location with 2 roundabouts , R2 and R4, which 
were already selected. In addition, there are ongoing developments to modify these roundabouts soon. 
The other roundabouts in Breda were not selected due to time constraints.  

TABLE 4.2:  CHARACTERISTICS OF SELECTED ROUNDABOUTS 

 R2 R4 R5 R7 R10 

Quantity of 

arms 

3 4 4 4 4 

Maximum 

speed 

50, 50, 50  50, 30, 30, 50  50, 30, 50, 30  50, 30, 50, 30  50, 50, 50, 30  

Bicycle 

facility  

On Around Around Around No 

Priority  -  Yes Yes Yes -  

Pedestrian 
crossing  

Yes, 2 Yes, 4 No No No 

Surroundin
gs 

Living  area and 
shopping 

centre  

Living area  Living area, 
industrial  zone 

Living area, 
agricultural and 

industrial  zone 

Living area, 
Agricultural  

Location in 

network  

Neighbourhood 

access 

Neighbourhood 

access 

Neighbourhood 

access 

Urban main 

road / 
Neighbourhood 
access 

Neighbourhood 

access 

TABLE 4.3:  CHARACTERISTICS OF SELECTED ROUNDABOUTS 

 R14 R15 R16 R18 

Quantity of 
arms 

4 4 4 4 
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Maximum 
speed 

50, 30, 50, 30  30, 50, 30, 50  50, 50, 30, 50  50, 50, 50, 50  

Bicycle 
facility  

Around Around Around Around 

Priority  Yes Yes Yes Yes 

Pedestrian 
crossing  

Yes, 4 Yes, 4 Yes, 4 Yes, 4 

Surroundin
gs 

Living area  Living area, 
shopping 
centre  

Living area, 
some small 
companies, 

church  

Living area, 
Industrial  

Location in 

network  

Neighbourhood 

access 

Neighbourhood 

access 

Neighbourhood 

access 

Neighbourhood 

access 

  
FIGURE 4.1:  OVERVIEW OF SELECTED ROUNDABOUTS 
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5. Observations: human factors  
In this chapter the Human Factors for each roundabout are  analysed by the describing the use of 

observing, understanding, capability, willingness,  and expectations at the roundabouts. This 

chapter answers the first sub question and a part of the third  sub questions. The observations are 

obtained by the hand of a n observation scheme. The filled in  observation scheme for the  external 

factors can be found in appendix  F. For the human factors the used observation scheme is added 

in appendix  H. 

5.1. Observations 
For all the roundabouts, the human factors were obtained by c ompleting the observation schedule 

during an observation. The results of the  external factors  observations can be seen in appendix F. All 
the factors from the observations  come together in a description below  by separately explaining the 

components observi ng, understanding, capability, willingness, expectations,  and behaviour for each 
roundabout.  The external variables influence the human factors and are therefore not separately 
appointed .  

 
The factor behaviour of the bicyclist is divided into two elements . The first is about the way the cyclist 

cycles over the roundabout .  

Crossing the roundabout in the right direction ( counter clockwis e) 

Crossing the roundabout in the opposite direction (clockwise)  

The second part of the behaviour  analysis is about the branch a cyclist enters. Is this in the right 

direction or not?  

Entering a branch in the opposite direction  

Entering a branch in the right direction  

Roundabout 2  

Observation 1  3th of May 2023  -  

Observation 2  11th of May 2023  09:19 Ɉ 09:34  

Observation 3  30th of May 2023  10:04 Ɉ 10:19  

During the first observation on  the 3rd of May, a crane was located on a section of the cycle path before 
and after the roundabout, forcing all active traffic to use the road in front of cars at Doornboslaan and 

Cornelis Joosstraat. It was therefore chosen not to make a specific observation for the behaviour of 
bicycle traffic. However, human factors were determined during this observation. As a result, an extra 
observation was made for cyclist be haviour.  

 
The roundabout consists  of 3 branches:  Groenedijk, Cornelis Joosstraat and Doornboslaan. Each of the 

branches has a separate bicycle path in one direction.  The location of the bicyclist at the roundabout 
is on the roundabout combined with motorized traffic. The width of the cycle path  is narrow. The centre 
island is elevated  with vegetation. A maximum speed of 30 kilometres per hour applies on the 

Groenedijk. The maximum speed on the other branches is 50 kilometres per hour. T here is a separate 
cycle path along all branches that can be cycled in one direction. Directly at the roundabout there is a 

pedestrian crossing on Doornboslaan and Cornelis Joosstraat. At the Groenedijk it is located a bit further 
from the roundabout.  Figure 5.1 gives an overview of the bicycle directions at the roundabout.  
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Observing  

For cyclists, there is a cycle lane on the roundabout. This was originally marked in red. At the level of 
the turning branches this shading has already largely worn off and is less visible, as shown in  Figure 

5.2.  
The right of way situation is indicated by marking. There are no additional signs near the cycle lanes. 
The connection from the roundabout to the separate bike path is with a small stretch of two -way traffic. 

This is indicated by the shark tooth marking up  to halfway. There is no middle marking here. On the 
Doornboslaan side, a no -entry sign has been placed near the cycle path to indicate that it is one-way. 

At the other branches, this sign is not present.  
As a motorist , cyclist  can come from many different  directions. This makes entering the roundabout 
confusing.  The illumination on this roundabout is focused on motorised traffic and pedestrian crossings. 

There is no lighting around the approaching cycle lanes, making cyclists less visible to motorists in t he 
dark.  

 

FIGURE 5.1:  OVERVIEW ROUNDABOUT 2 

FIGURE 5.2:  APPROACH BICYCLE PATH 
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Understanding  

It is not clear on all branches of the cycle path in which direction cycling is allowed. As only at 

Doornboslaan is there a sign, it is clear here . At the other branches it is not immediately clear due to 
missing signs and the layout.  

Besides, the priority situation for the cyclist at the location direct after leaving the roundabout is 
ambiguous because of the missing information.  

Capability  

If cyc lists want to use the roundabout instead of going with the cycle path, they must  turn off onto the 
cycle path then onto the roundabout. This is an inconvenient  manoeuvre. In order to take the turn 

onto the roundabout properly, sufficient speed must  be reduced, otherwise the driver will quickly veer 
towards the middle of the roundabout.  

The roundabout is a narrow  roundabout. For cyclists, the fastest way across the roundabout is not over 
the cycle lane but mainly over the section intended for car traffic. If a cyclist is cycling on the 
roundabout, it is alm ost impossible for cars to overtake cyclists due to the limited space. This is still 

sometimes done but it does create an unsafe situation. Exiting trucks do not see cyclists adequately 
while turning off the roundabout.  

Willingness 

Cyclists are not always willing to stop for traffic on the roundabout and therefore often drive directly 

onto the roundabout. Furthermore, most cyclists choose the fastest route, which is therefore straight 
across the roundabout.  

Expectations  

On this roundabout, being a cyclist i s quite unexpected. The cycle lanes lie in a flowing line to the right 
and turning "left" requires a considerable deviation in the route in which cycling takes place. The look 

is very different.  
Thereby a lot of traffic cycles on the through cycle paths a nd does not use the roundabout much.  

FIGURE 5.3:  ENTERING THE ROUNDABOUT FROM THE CYCLE PATH 
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On the roundabout itself, it is feasible for motorists to drive in a straight short line. In fact, they hardly 
need to brake for this, which means they drive over the roundabout at high speed even though this is 

not di rectly according to the cyclist's expectations.  

Behaviour  

During the observations, behaviour on the roundabout is mainly the desired behaviour. Traffic cycling 
against direction across the roundabout does so across the pedestrian crossing or stays on the same 

cycle path and does not cross the roundabout. The numb er of cyclists crossing past the shopping centre 
is striking; in Figure 5.1 the route is indicated by a white line. This crossing occurs in both directions 
but mainly in the northern direction. During the observations, this was observed more than 5 times in 

the northern direction. Cyclists choose to ride via this route rather than  taking the bike path along 
Doornboslaan against the direction.  

When entering the roundabout, cyclists are often aware of other traffic and slow down or stop before 
entering the roundabout. When entering the roundabout, they also extend their hand more of ten than 
on other roundabouts  as observed during observations.  

TABLE 5.1:  BEHAVIOUR ROUNDABOUT 2 

 Obs. 1  Obs. 2  Obs. 3  

Crossing the roundabout in the right direction ( counter clockwise ) - 23 28 

Crossing the roundabout in the opposite direction (clockwise)  - 2 1 

Entering a branch in the opposite direction  - 3 5 

Entering a branch in the right direction  - 22 24 

Roundabout  4 

Observation 1  4th of april 2023  07:24 Ɉ 07:40  

Observation 2  3th of May 2023  08:58 Ɉ 09:13  

In the neighbourhood of Hoge Vucht, a roundabout is located between Cornelis Joosstraat, Maasdijk, 
Lange Weide and Kapittelweg. Between Cor nelis Joosstraat and Kapittelweg and on the north side of 

the roundabout is a newly built residential area. A school is in  the extension of Lange Weide. On the 

FIGURE 5.4:  OVERVIEW ROUNDABOUT 4 
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east side of Kapittelweg an industrial estate with various types of businesses.  Along Kapittelw eg, Lange 
Weide and Cornelis Joosstraat there are one -way separate cycle paths. Maasdijk is a residential access 

road where traffic shares the road section.  

Observing  

The roundabout is spacious by the book. The cycle path is marked with red 
asphalt. Approaching bicycle traffic has a shark tooth marking to indicate 

the right of way. For motorised traffic, signs indicate the right of way. There 
is a zebra crossing on all branches, but not all have the zebra crossing sign 
for traffic coming from the roundabout. At Cornelis Joosstraat and 

Kapittelweg, the sign can be found on both sides.  

Understanding  

The markings and signs on the roundabout support each other and have 
the same idea behind them. For road users, it is clear what is expected of 
them. From the Maasdijk, multiple signs are placed at 1 location as visible 

in Figure 5.5. This  is overwhelming for a road user.  
The cycle lanes are all meant for 1 direction. However, these are often 

entered from the opposite direction than intended. This is mainly due to 
the fastest route and the location of origin and destination. Parents with 
children from the residential area towards the school often still cycle into 

Lange Weide from the opposite direction. During the observations, more 
than 90% of cyclists coming from the Maasdijk rode counter clockwise 

across the roundabout to the Lange Weide.  

Capability  

The roundabout is spacious and there is sufficient distance between 

motorised traffic and the cycle path. The pavement for pedestrians is at the same height as the bike 
path, providing swerve opportunities for cyclists. The separate bike paths are wide (2.5 metres) in 

accordance with the requirements for a one -way bike path. For a low - intensity bike path this would also 
be sufficient for a two -way bike path. However, the intensity is too high for this.  

Willingness 

Cyclists want to arrive at thei r destination as quickly as possible. For this, from different locations, it 
is faster to cycle in the incorrect direction across the roundabout or into a branch. At this roundabout, 

the numbers notable in undesirable behaviour are remarkably high.  
Cycling against the direction happens mainly on the branches where car traffic intensity is low. However, 
riding against the direction does cause surprise to other road users. The bicycle's road section must  be 

shared, and for motorists, both directions must  be watched carefully. This does not always happen, 
after all, other road users only expect cyclists from the other direction. This makes the traffic situation 

unsafe in some cases.  
It should also be noted that cyclists facing the opposite direction are often  parents with (young) children 
on bicycles beside or behind them.  

Expectations  

On this roundabout, there are no unexpected situations due to the layout. The only unexpected 

situations arise from the behaviour of other road users who cycle on the roundabout  differently.  

Behaviour  

During the observations there was a lot of anti -clockwise cycling on and around the roundabout. The 
main reasons for this are the locations of origin and destination which are on specific sides of a 
roundabout and ease of road user s. 

FIGURE 5.5:  SIGNAGE AT 

MAASDIJK 
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TABLE 5.2:  BEHAVIOUR ROUNDABOUT 4 

 Obs. 1  Obs. 2  

Crossing the roundabout in the right direction ( counter clockwise ) 17 17 

Crossing the roundabout in the opposite direction (clockwise)  4 8 

Entering a branch in the opposite direction  2 10 

Entering a branch in the right direction  19 15 

Roundabout 5 

Observation 1  11th of April 2023  07:36 Ɉ 07:51  

Observation 2  3th of May 2023  08:58 Ɉ 09:13  

Roundabout 5 on the edge of the neighbourhood of Hoge Vucht has four branches; Groenedijk, 

Vlaanderenstraat and Hamdijk intersect on the roundabout. Groenedijk has a separate bike path on the 
west and east sides of the roundabout. Hamdijk and Vlaanderenstr aat are shared by road users. On 

Hamdijk is a residential area and a new talent centre is being developed where several sports facilities 
will be developed. Directly adjacent to the talent centre is a school building.  At the upside of the 
roundabout, acce ssed via Vlaanderenstraat, is a residential area and some destinations with an 

industrial character. Figure 5.6 shows the flows of bicycle traffic.  

Observing  

Around the entire roundabout, the bike path is marked in re d and has been provided as a separate 
lane. Approaching bicycle traffic has shark teeth to indicate the right of way situation. After turning off 
the roundabout, there is a sign to indicate that it is a bike path along the separate bike path at 

Groenedijk.  There is a tree on the middle island.  

Understanding  

The signs and markings present have the same meaning and do not contradict each other. As a result, 
it is understandable what is expected of the cyclist. When entering Vlaanderenstraat, from the multiple 
signs are visible; speed and neighbourhood prevention on one pole and the pedestrian crossing and 

cycle route network on another pole. This can be a lot of information for road users.  

FIGURE 5.6:  OVERVIEW ROUNDABOUT 5 
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Capability  

Between the intersections different traffic flows th ere is sufficient space to stop. The cycle path is at a 

sufficient distance around the roundabout. From Hamdijk and Vlaanderenstraat it is easy to drive into 
the roundabout against the direction. On the other sides this is more difficult.  

Willingness 

Cyclists mainly want to cycle the shortest route to their destination. When choosing the route across 

the roundabout, this is therefore done based on  the destination. In this, you can see that cyclists 
sometimes want to cycle well but also go for the fastest and most direct route.  

Expectations  

On this roundabout, there are no unexpected situations due to the layout. The only unexpected 
situations arise  from the behaviour of other road users who cycle on the roundabout differently  then 

the ideal behaviour.  

Behaviour  

In Table 5.3 the results of the observations are s hown. In this observation most of  the bicyclist goes 

in the desired direction over the roundabout. In the first observation a high amount of bicyclist drives 
against the direction of the eastern branch  or from the eastern branch towards the Hamdijk. Reason s 

for this are the presence of a secondary school  northern of the Groenedijk and at the Hamdijk.  
 
TABLE 5.3:  BEHAVIOUR ROUNDABOUT 5 

 Obs. 1  Obs. 2  

Crossing the roundabout in the right direction ( counter clockwise ) 49 25 

Crossing the roundabout in the opposite direction (clockwise)  4 0 

Entering a branch in the opposite direction  11 0 

Entering a branch in the right direction  42 0 

Roundabout 7  

Observation 1  8th of May 2023  09:33 Ɉ 09:48  

Observation 2  22th of May 2023  09:10 Ɉ 09:25  

The village of Bavel can be reached via the Lange Bunder, the road on which roundabout 7 is located. 
The Lange Bunder passes over the A27 as a viaduct before crossing the Dorstseweg at a roundabout 
below. There  is a separate bike path around the roundabout. On the western Lange Bunder there is a 

separate bike path on both sides. The eastern side of Lange Bunder has a separate bike path towards 
the roundabout. From the roundabout, cyclists here use a residential access road; the Korte Bunder. 

Dorstseweg on the north side of the roundabout has a separate bike path for the first 100 metres from 
the roundabout and then changes to bike lanes. From the roundabout towards the centre of Bavel via 
Dorstseweg there is a separate bike path on both sides for approximately 70 metres, thereafter it is a 

divided road section without bicycle facilities. Figure 5.7 shows the cycle lanes and d irections.   
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Observing  

The roundabout is asphalted in its entirety. The bike paths and bicycle crossings are shaded red. 

Oncoming cyclists must give way to cyclists on the roundabout; this is regulated by give -way markings. 
From the viaduct at Lange Bunder, cyclists partially ride through green , because the vegetation has 

not been properly maintained ,  at the time of observation. After each cycle crossing, the  cycle path sign 
can be found. The crossing from the roundabout to Korte Bunder lacks markings.  Visibility on the 
roundabout is sufficient and there are no objects restricting visibility.  

Understanding  

At almost all branches, the information given is clear and in the same direction. At the location around 

Korte  Bunder and the roundabout, it is a bit unclear. Here, there is information for traffic on  the Korte 
Bunder that is not visible for bicycle traffic on the roundabout or substantiated by the markings, as 
visible in Figure 5.8.  

FIGURE 5.7:  OVERVIEW ROUNDABOUT 7 

FIGURE 5.8:  CROSSING KORTE BUNDER 



46 

Capability  

The behaviour that is desired can be well performed by a cyclist on the roundabout. The space between 

motorised traffic and the cycle path is more than 4.5 metres. Only at the location from Korte Bunder 
is entering the roundabout not ideal for cyclists. During the observatio n, several users were seen cycling 

across the grass instead of making the turn. This is because the turn to enter the roundabout is almost 
360 degrees. The bicycle routes are shown in Figure 5.8 by two lines.  

Willingness 

When travelling down Lange Bunder, little reduction in speed is experienced, causing cyclists to cross 
the roundabout at high speed. The road offset around the roundabout is small enough from this cycle 

path to the roundabout that cyclists do not reduce speed. Furthermore, cyclists choose to ride against 
the direction, on branches where this is not allowed.  

Expectations  

The situation is as expected. Only due to the lack of a pedestrian facility, it happens regularly that they 
use the cycle path. The behaviour of motorists is as expected.  

Behaviour  

In the observations, most  road users show the desired behaviour. In a few cases, however, this is 

deviated from, mainly from convenience due to destination  or origin. From the centre of Bavel, residents 
of the adjacent street, Akkerwei, drive against the direction of the roundabout.  
TABLE 5.4:  BEHAVIOUR ROUNDABOUT 7 

 Obs. 1  Obs. 2  

Crossing the roundabout in the right direction ( counter clockwise ) 25 23 

Crossing the roundabout in the opposite direction (clockwise)  3 2 

Entering a branch in the opposite direction  2 3 

Entering a branch in the right direction  26 21 

FIGURE 5.9:  OVERVIEW ROUNDABOUT 10 



47 

 

Roundabout 10 

Observation 1  8th of May  2023 10:05 Ɉ 10:20  

Observation 2  22th of May 2023  09: 37 Ɉ 09:52  

The roundabout is located on the edge of Ulvenhout. Traffic from the direction of Breda and Ulvenhout 

meets here using the Ulvenhoutselaan which is merged into the Dorpsstraat. And meets at the 
roundabo ut with Rouppe van der Voortlaan and Marktdal . There is a separate bicycle path along Rouppe 

van der Voortlaan and Dorpsstraat. Markdal is a residential access road for mixed traffic.  

Observing  

The roundabout has no separate bicycle facilities but does have a suggestion lane for cyclists. The 
entire roundabout has been laid in paving stones and the suggestion lane has a dark stone. Around the 

dark lane a striped line is still visible, but in many  places,  this has rubbed away and is therefore hardly 
visible. In wet road conditions, the difference between the suggestion strip and the roundabout is poorly 

visible.  
The exit for cyclists to Dorpsstraat (north) and the exit for cyclists from Rouppe van der Voortlaan is 
shared. On this section, immediately after the roundabout, there is a kind of junction where these flows 

meet. There are shark teeth for cyclists entering the roundabout. This exit is shown in Figure 5.10 
Around the roundabout there are several signs indicating that a path is a bike path. Not all signs are 

immediately visible to all cyclists. Other signs such as roundabout signs are visible to motorists .  
The separate bike path next to Rouppe van der Voortlaan is located between the road and the adjacent 
forest. There are several trees between the road and the bike path, which obstruct the view of cyclists.   

The markings do not always connect well with the roundabout. Due to lack of space, the connections 
have been placed close together at certain locations. From south Dorpstraat, cyclists must  cross a 

stretch of asphalt from the separate bike path to then ent er the roundabout as shown in Figure 5.11. 
This situation can be  a cluttered situation  for bicyclists .  

FIGURE 5.10:  EXIT DORPSSTRAAT AND ROUPPE VAN DER VOORTLAAN (GOOGLE,  N.D.)  
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Understanding  

The presence of a cycle suggestion lane is not immediately obvious when approaching the roundabout. 
As a cyclist, the experience here is more likely to be that a cyclist has a right of way,  but the lane is 

not immediately understood as a bicycle facility. The bicycle suggestion lane is more an artistic choice 
than a traffic safety measure at this point. As a result, cyclists do not have their own specific spot on 

the roundabout. The lack of clari ty (and space) on the roundabout leads to unsafety.  
The presence of shark teeth is clearly visible to cyclists, in some cases this is not followed,  and people 

take priority by entering the roundabout while other traffic is driving here. On the north side, no 
markings are visible around exiting traffic and approaching traffic sharing an exit as shown in Figure 
5.10. At this location , bicycle -bicycle intersection,  it is not clear to bicycle traffic what the right of way 

rules are.   

Capability  

The roundabout is a narrow roundabout where cars have little s pace to pass cyclists to overtake them. 
Cyclists are almost forced to stop for car traffic on the roundabout due to the limited space. This is 
also in accordance with the priority situation. There is limited space to enter the roundabout when 

traffic is al ready on it.  

Willingness 

The cycle lane should direct cyclists to the outside of the roundabout. However, as a cyclist, it is often 
faster and easier to cycle through the middle of the roundabout. This applies for a straight through but 
also when going thr ee-quarters around the roundabout.  

Expectations  

For cyclists from Marktdal and Dorpsstraat, the roundabout is visible from a further distance. The line 

over which can be cycled in a road is clearly visible, as this can be done just straight ahead when rid ing 
from Dorpsstraat to Dorpsstraat. This is also the main route. From Rouppe van der Voortlaan, the 
roundabout suddenly appears. Entering the roundabout is a sudden movement and not quite as 

expected. Entering Rouppe van der Voortlaan from south Dorpstraa t is a sharp 90 -degree turn. A lot 
of speed must  be taken off for this, and it is not immediately obvious when you arrive by bike.  

Behaviour  

The behaviour of cyclists is largely according to the desired behaviour. It is striking that cyclists cycling 
against the direction into Dorpsstraat only do so on the north side. This may be due to the unpleasant 

crossing which otherwise has to be done later.  

FIGURE 5.11:  DORPSSTRAAT SOUTH,  CONNECTION TO THE ROUNDABOUT 
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In terms of users,  it is striking that on this roundabout the number of recreational users in the form of 
racing cyclists is relatively high.  

TABLE 5.5:  BEHAVIOUR ROUNDABOUT 10 

 Obs. 1  Obs. 2  

Crossing the roundabout in the right direction ( counter clockwise ) 34 27 

Crossing the roundabout in the opposite direction (clockwise)  1 0 

Entering a branch in the opposite direction  2 0 

Entering a branch in the right direction  33 27 

Roundabout 14  

Observation 1  3th of May 2023  10:26 Ɉ 10:41  

Observation 2  11th of May 2023  16:18 Ɉ 16: 33 

In Prinsenbeek is roundabout 14. Soon after the A16 exit, traffic heading towards Prinsenbeek arrives 

at the roundabout. Next to the roundabout is also Prinsenbeek train station. The roads, Velsgoed and 
Backer en Ruebweg, connected to the roundabout have a  maximum speed of 50 kilometres per hour. 
Cycle lanes are located on Velsgoed. At Backer en Ruebweg a separate bike path is provided. Beekstraat 

is situated north and south of the roundabout. A maximum speed of 30 km/h applies on both sides and 
cyclists an d motorised traffic share the road section. Figure 5.12 shows the different flows on the 

roundabout.  The cycle path at the Backer en Ruebweg is only located above the road and goes the 
train station  and the offices on the other side of the A16. 

Observing  

On the free -standing bike path around the roundabout, cyclists have the right of way. The entire bike 

path is of red asphalt. The right of way is indicated by s hark teeth and varying amounts of signs. Not 
all branches have the same signs. On the Velsgoed side from the roundabout there is only a sign to 

indicate pedestrian priority, and towards the roundabout there is no sign at all. On the south Beekstraat 
side, the same zebra crossing sign is visible to traffic from the roundabout. For traffic towards the 
roundabout, there is the zebra sign but also the sign that priority must be given to drivers on the 

crossing road. On Backer en Ruebweg, the signs are the same on Beeksestraat.  

FIGURE 5.12:  OVERVIEW ROUNDABOUT 14 
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Understanding  

There is no marking to indicate the priority situation between cyclists on the roundabout and 

approaching cyclists. In the current situation, both parties sometimes take priority and avoid each 
other. The signs and markings present both serve the same purpose and do not contradict each other. 

The absence of signs on some branches does not reduce the understanding of the traffic situation.  

Capability  

The distance between the bike path and the roundabout is sufficient at all locations. There is room for 
cyclists to swerve over the pavement as it is constructed by means of a low elevation.  

Willingness 

From Backer en Ruebweg cars approach at high speeds; due to sufficient visibility they may brake in 
time for cyclists. C rossing the roundabout cyclists have no specific behaviour around this. Cyclists often 

choose what is the easiest route for them.  

Expectations  

At the Backer and Ruebweg side is the exit for bicycle traffic to the station and beyond. Because this 

is where t he turning traffic drives on a different side than normal, there is a slight change in expectations 
here. However, there are no more conflict points and unclear situations because of it.  

Behaviour  

During the observation, there was noticeably little bicycle  traffic on the roundabout. This may have to 
do with the holiday period and the time when the first observation took place. Another cause is the 

lower intensity on this roundabout at all.  
Road users driving against traffic on the roundabout or in branch mainly do so from northern  

Beeksestraat in the direction of the station. This is also the fastest route.  
The intensity of the number of cyclists on this roundabout is low. The roundabout doe s have an 
important function in the network for motorised traffic. Backer en Ruebweg is often at a complete 

standstill during the evening rush hour.  
TABLE 5.6:  BEHAVIOUR ROUNDABOUT 14 

 Obs. 1  Obs. 2  

Crossing the roundabout in the right direction ( counter clockwise ) 8 29 

Crossing the roundabout in the opposite direction (clockwise)  3 0 

Entering a branch in the opposite direction  2 0 

Entering a branch in the right direction  9 29 

Roundabout  15 

Observation 1  1st of May 2023  15:21 Ɉ 15:36  

Observation 2  16th of May 2023  16:09 Ɉ 16:24  

Cyclists enter the roundabout from four directions. Heusdenhoutsestraat is a bicycle street also used 

by car traffic. At the branch on the east side there is a T - junction soon. Heerbaan branches have 
separate bike paths. Figure 5.14 shows all directions of bicycle traffic.  On the eastern side, the exit 

quickly separates into two directions, Bisschopshoeve and Grote Houw.  The roundabout is the newest 
roundabout in this study and was recently constructed in 2020  (Marcelis, 2020) .  
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Observing  

At the roundabout, coloured 

asphalt is used to indicate that 
bicycle traffic has priority. This is 

substantiated by signs. At 
Heusdenhoutsestraat, this creates 
a situation where the turning 

branch is immediately shaded 
completely red due to its function 

as a bicycle street. There are few 
signs on this side for oncoming 
traffic. Upon entering the bike path 

around the roundabout there is a 
sign indicating that it is a bike 

path.  
There is good visibility of traffic on 
and around the roundabout from all 

direct ions. The roundabout is laid 
out in a guiding shape. The shape 

of the pavement and median 
ensure that cyclists are directed in 
the right direction. They are not 

raised.  

Understanding  

On the roundabout itself, traffic can approach the roundabout from many d ifferent directions  as shown 
in Figure 5.14. This is mainly a problem on the east side. The two -way bike path allows cyclists to enter 
the roundabout from an unexpected direction. In addition, the situation is unclear which cycle route is 

the preferred one. Northeast  of the roundabout there is a sh opping centre which many cyclists have as 

FIGURE 5.14:  OVERVIEW ROUNDABOUT 15 

FIGURE 5.13:  ROUTES BICYCLES EAST SIDE TOWARDS SHOPPING CENTRE 
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their destination or origin. The branch on the east side has no bicycle facilities. On the north side, 
however, there is a crossing from the cycle path to the shopping centre, as shown in Figure 5.13. The 

black lines in the figure are the routes seen as ideal routes. The blue lines are the routes that bicycle 
traffic travels  towards the shopping centre. Near conflicts regularly happen around this side due to the 

unexpected movements of cyclists.   

Capability  

As the pavement and bike path are at the same height, there is plenty of swerve space for cyclists if 
necessary. The parking space for cars between the bike path and the round about is sufficient of space 
on all sides, it is therefore possible to stop here. Between the branches there is a central reservation 

on all branches where there is sufficient space for cyclists to stop.  
For bicycle traffic from Heusdenhoutsestraat the bi cycle street. Getting on and off at the roundabout is 

often tight. The turn to enter the bike path is a tight turn with a relatively small radius. For this, 
sufficient speed must  be reduced to make a good turn.  
Cyclists must  slow down to enter the roundabo ut not only from Heusdenhoutsestraat, but also from 

Heerbaan north -east. This is a right -angled turn. For the other directions the decrease in speed is 
limited. Over the entire roundabout, cyclists can be driven at normal speeds. Cars, however, are forced 

to reduce speed due to the design of the roundabout.  

Willingness 

On the roundabout, cyclists drive at high speed. Entering the branches in the wrong direction often 

happens and due to the situation on the east side with the shopping centre there is a lot o f undesirable 
behaviour here. This is caused by the lack of clarity but also by cyclists looking for the fastest and 

easiest route.  

Expectations  

On the northern side of Heerbaan, the two -way bike path allows cyclists to approach the roundabout 

from both si des. Of all the roundabouts in Breda municipality, this is the only one where there is really 
a clear two -way bike path where cyclists enter the roundabout relatively quickly after turning onto the 

bike path. Motorists are therefore definitely surprised by  a sudden cyclist here.  
As a cyclist, the situation on the eastern side is particularly unexpected; on this branch the bicycle 
facility seems to be missing. The solution cyclists see for this is to ride over the road intended for 

motorists. This is also a llowed. However, this situation is not what you expect as a cyclist.  
From Heusdenhoutsestraat, turning into the cycle path around the roundabout is a tight turn, requiring 

one to brake unexpectedly.  

Behaviour  

On the roundabout, most cyclists cycle in the right direction. Turning in the wrong direction is mainly 

on the east side of the roundabout. These cyclists' destination is the residential area on this side. "I 
don't like crossing the Heerbaan at that spot and find it dangerous, I'd rather cycle against  the direction 

here" said a 46 -year-old female cyclist. Cyclists who cycle into the road around the east side in the 
direction of the shopping centre are not included. The roundabout is ridden in the opposite direction 
from the two -way bike path on Heerbaa n towards the east side of Heerbaan.  

TABLE 5.7:  BEHAVIOUR ROUNDABOUT 15 

 Obs. 1  Obs. 2  

Crossing the roundabout in the right direction ( counter clockwise ) 30 30 

Crossing the roundabout in the opposite direction (clockwise)  1 1 

Entering a branch in the opposite direction  5 1 

Entering a branch in the right direction  26 30 
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Roundabout  16 

Observation 1  1st of May 2023  15:21 Ɉ 15:36  

Observation 2  16th of May 2023  15:47 Ɉ 16:02  

Close to roundabout 15 is roundabout 16. Where Heusdenhoutsestraat emerges at roundabout 15, the 
same street also ends at the roundabout. The roundabout is in the middle of a residential area and four 

residential access roads converge there. A maximum spee d of 30 km/h applies on all branches. 
Heusdenhoutsestraat is a bicycle street. There are bike lanes on Hooghout  and no bicycle facilities on 

Monseigneur de Vetstraat and Hoogeind. Four times an hour a bus travels over the roundabout.  

Observing  

Unlike most  other roundabouts examined, this entire roundabout does not have asphalt as its 
materialisation. Most of the roundabout is laid in paving stones. At the bicycle crossings these are in 

red. The Heusdenhoutsestraat  branch is entirely of red asphalt, to indicate that it is a bicycle street. 
When entering the cycle lane on the roundabout, there is a sign to indicate that it is a cycle lane. Unlike 
the other roundabouts in Breda, this sign is in  the green strip between the roundabout and the cycle 

path and has a directional arrow as a sign underneath.  Another change compared to other roundabouts 

FIGURE 5.15:  OVERVIEW ROUNDABOUT 16 

FIGURE 5.16:  STRIPED LINE BICYCLE PATH 
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is the markings circling the cycle path on the roundabout. When turning, a striped line must be cycled 
through , as shown in Figure 5.16. Another change compared to other roundabouts is the markings 

circling the cycle path on the roundabout. When turning, a striped line must be cycled through. When 
entering the roundabout there are shark teeth. On Heusdenhoutsestraat  the line  markings and shark 

teeth are absent.  

Understanding  

On this roundabout, a red -coloured stone has been used as a cycle path. This stone is hardly 
distinguishable from the normal grey stone in poor light. On the Heusdenhoutsestraat side there will be 
a bicyc le lane entirely in red racing onto the roundabout. However, the road surface for cars will still 

be red and for cyclists there will be a separate ramp onto the cycle path. This shading ensures that the 
overhang is not super clear. In addition, the cyclist s' entrance to the street is more like the cyclists 

must  merge between the cars than the car is a guest.  

Capability  

The Heusdenhoutsestraat  entrance ramp still has separate branches for bicycle traffic. Later down the 

road, bicycle and motorised traffic c onverge on the road. Between the roundabout and the crossings, 
there is sufficient lane space at all locations.  

Willingness 

Cyclists want to perform the desired behaviour but also often choose the shortest route. The shortest 
route can also be cycled.  

Expectations  

The roundabout is not a usual roundabout due to its location in the middle of a residential area. A 

maximum speed of 30 kilometres per hour applies on all connecting roads. As a result, it is against 
expectations that there is suddenly a roundab out. From Heusdenhoutsestraat , the situation is not 
entirely clear due to the shading.  

Behaviour  

The roundabout is not a very busy roundabout, partly due to its location in the residential area. On the 

roundabout some road users drive in the opposite dire ction from Hoogeind towards 
Heusdenhoutsestraat. This is the shortest  route.  
TABLE 5.8:  BEHAVIOUR ROUNDABOUT 16 

 Obs. 1  Obs. 2  

Crossing the roundabout in the right direction ( counter clockwis e) 20 35 

Crossing the roundabout in the opposite direction (clockwise)  1 5 

Entering a branch in the opposite direction  1 2 

Entering a branch in the right direction  20 38 

Roundabout 18  

Observation 1  2th of May 2023  14:31 Ɉ 14:46  

Observation 2  11th of May 2023 08:51 Ɉ 09:06  

At roundabout 18, Teteringsedijk meets Sint Ignatiusstraat and Hoogeind. A maximum speed of 50 km 
per hour applies on Teteringsedijk and Sint Ignatiusstraat. On Hoogeind, a maximum speed  of 30 km 

per hour applies. On the last -mentioned, cyclists ride on a cycle lane just like on Teteringsedijk (west). 
On Teteringsedijk and Sint Ignatiusstraat a separate one -way bike path exists on both sides. Figure 
5.18 shows all directions of cyclists.  
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Observing  

As a cyclist, all signs and markings are clearly visible 

when approaching the roundabout. At the roundabout 
exits there are no signs indicating a bike path. However, 

a sign for bicycle tra ffic is visible for cyclists approaching 
from Hoogeind and Teteringsedijk (west). Due to the red 

asphalt layer of the bike path and on the crossings,  it is 
clear how bicycle traffic moves across the roundabout.  
The presence of billboards around the roundabout is 

remarkable. These are located in between the two roads 
at Sint Ignatiusstraat and on the east side of the 

roundabout in the curve of the bike path to and from 
Teteringsedijk. The sign at the Sint Ignatius straat (see 
Figure 5.17) restricts the view of approaching motorists 

to cyclists on the roundabout.   

Understanding  

The marking of the bike path, which is red throughou t 
the roundabout in combination with the striped block line 
on the sides of the crossing and the give -way markings, 

makes the right of way situation as a cyclist and as a 
motorist clear. This priority situation is the same 

throughout Breda for separate bik e paths at 
roundabouts. All information given has the same orientation and does not contradict each other.  

Capability  

There is a broad bike path across the entire roundabout in accordance with the guidelines. The layout 
of the roundabout with some raised a reas around the pavement ensures that cyclists are already 

FIGURE 5.18:  OVERVIEW ROUNDABOUT 18 

FIGURE 5.17:  VISIBILITY -REDUCING SIGN 
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directed in the right direction on the rest of the roundabout. However, it also ensures that there are 
few swerve possibilities.  Across the entire roundabout, there is sufficient space between the cycle path 

and the roundabout. For motorists, there is sufficient siding space between the roundabout and the 
cycle path or footpath. For cyclists, there is room to wait between the two directions on a branch.  

As cyclists, it is possible to have undesirable behaviour on the roundabout. Cycling from Teteringsedijk 
(west) it is easy to cross the road and then cycle in the opposite direction across the roundabout against 

traffic into Teteringsedijk Noord. The ability to cross the road combined with the width of the bike path 
makes it an attractive option for cyclists to ride this route.  The location of the crossing is shown in 
Figure 5.19.  This behaviour was observed several times during the observations.  For cyclists heading 

towards Teteringen, this is also a faster option.  

Willingness 

A portion of c yclists intentionally chooses to cycle against the direction towards the Teteringsedijk. This 

is mainly since Teteringen and Oosterhout are easier to reach via this route. Via the regular road the 
Teteringsedijk must  be crossed at a location where cyclists  do not have priority.  

The majority of road users choose to cross the roundabout on the way which is preferred. Motorists 
generally want to continue driving but also do not want to cause an accident. When turning into the 
Teteringsedijk, conflict situation s arise more often with motorists accelerating early. The route from 

Sint Ignatiusstraat to the northern Teteringsedijk is the main route for cyclists. Cyclists who do cross 
at this spot indicate their direction and seek eye contact with the motorist.  

Expectations  

On approaching the roundabout, the roundabout is clear and in line with expectations. The only surprise 
visible to motorists is that the expectation is often to drive via the main route. If this does not happen, 

there are some situations where mot orists have to react quickly.  

Behaviour  

The main route of cyclists is from north Teteringsedijk to Sint Ignatiusstraat and vice versa, towards 
the town centre. A few people ride in an opposite direction across the roundabout, during the 
observation this wa s only from the Teteringsedijk west northbound. Cyclists ride over the roundabout 

at a high speed. There is little reduction in speed. Only a marked decrease at the overpass at the 
northern Teteringsedijk . The big difference in the numbers between the obse rvations can be explained 

by the moments  when the observations took place , in the afternoon and during morning rush -hour .  
 
 

FIGURE 5.19:  BICYCLE ROUTE CROSSING TETERINGSEDIJK 
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TABLE 5.9:  BEHAVIOUR ROUNDABOUT 18 

 Obs. 1  Obs. 2  

Crossing the roundabout in the right direction ( counter clockwise ) 48 103 

Crossing the roundabout in the opposite direction (clockwise)  5 13 

Entering a branch in the opposite direction  3 8 

Entering a branch in the right direction  53 108 

5.2. Behaviour 
At the roundabouts, users' behaviour was counted per type of behaviour, divided into the way they 

crossed the roundabout and the branch they entered.  An overview of the first behaviour group is showed 
in Figure 5.20. The second group is shown in Figure 5.21.  

It is notable that at roundabout 4, compared to the other roundabouts, a lot of driving against  the 
direction  happens. One possible explanation could be the location of the roundabout in relation to the 

residential area and the primary school. In which the shortest route is to cross a quarter of the 
roundabout. The desired behaviour is to drive thre e-quarters around the roundabout.  Going against 
direction across a roundabout is largely determined by the place of origin and destination and what is 

most convenient for this route.  
At roundabout 4 and 5 a high percentage of the users d rives against direc tion into a branch.  

Users choose to drive against the direction of a branch because of convenience or sometimes from a 
safety perspective. In many cases where cyclists cycle against the direction, there is an unsafe crossing 
further down the road where the  cyclist does not have the right of way. Again, the place of origin and 

destination plays a major role in the choice of behaviour.  
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During the observations is seen that the absence of a separate cycle path, and motorised traffic and 

cyclists thus using the same road section on a branch ensures that it is easy for cyclists to cross the 
road before the roundabout and cycle in the opposit e direction across the roundabout. With separate 
cycle lanes, the design makes the cyclist seem more forced into the desired behaviour  over the 

roundabout.  

5.3. Conclusion 
In this chapter the different circumstances at the roundabouts for human factors are set out based on 
several observations. This chapter is  the final  part of answering research question 2.  

What human factors influence bicyclist behaviour at roundabouts?  
And this chapter is a first step in the answering of research question 3 .  The subsequent part of this 

research question is answered in chapter  6 and 7.  
How do different circumstances affect human factors and subjective road safety of cyclists at 
roundabouts?  

 
As DTV (2019) already stated is every roundabout different. The majority of the roundabouts in Breda , 

except R2 and R10,  have a free laying  bicycle path around the roundabout. Every roundabout has a 
red indicated crossing for bicyclist. The pavement differs per roundabout, most of them have asphalt 

roundabouts.  R16 and R10 are constructed in paving stones .  
 
The int ensity of bicyclist  differs per roundabout. Roundabout 18, at the Teteringsedijk, has the highest 

intensity during the observations and conform the available data in appendix  G. Followed by  roundabout 
4 and third as roundabout 2. The rest of the roundabout s have a similar  bicycle  intensity . During the 

observations the roundabout in Prinsenbeek, 14, has the highest motorized vehicle intensity. Due to 
its location right next to the motorway and its connecting function with the villages behind, there is a 
lot of car traffic here.  Every roundabout has 2 or more buses per hour which pass.  

 
Based on location characteristics the roundabouts can be divided into three groups:  entrance of a 

village, inside a residential area, connecting  residential areaɍs and connecting residential areas and 
shopping centre.  

R7, R10 and R14, localised in Bavel, Ulvenhout and Prinsenbeek respectively , are part of the first 

group,  entrance of a village .  R10 has one branch where traffic exits from the forest.  On this location a 
high number  of recreational cyclists, such as mountain bikers, racing cyclists and day trippers, use the 

roundabout.  Inside a residential area consist of only one roundabout, roundabout 16. R4  and R5 are 
connecting residential areas with the rest of Breda o r further. Located between residential areas and 
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shopping centres are R2 and R 15. R18 is located between residential areas and a connection to the city 
centre and therefore belongs to this group.  

 
The way the bicyclist can observe the ideal behaviour at th e roundabouts are broadly the same. The 

differences are found in the marking  at the roundabouts and the opportunities to swerve across the 
pavement .  In the observations at the roundabouts, no differences in behaviour caused by the different 

forms of markin g or swerve options were observed .  
At roundabouts  4,  7, 15 and 16  cycle traffic approaching the roundabout has shark teeth  and 

have a free - laying bicycle path around the roundabout. At R2 and R10 shark teeth are present but is 

there a cycle path or suggestion lane on the roundabout.  At R14 and R18 there is no marking for 
approaching bicycles.   

For exiting traffic,  a striped l ine is present only at  R15. The sight at bicyclist cycling around at 
roundabout 18 can be limited due a billboard between the two motorized lanes. At other roundabouts, 
R2, R4 and R5, trees are located between the two directions of motorized traffic  at one  or more 

branches. This does not cause a large reduction in visibility.  But at R10 the trees are located between 
the cycle path and the road and therefore limit the sight at the cyclist.  

In the human factors , the observing of bicyclist  is analysed. In this  part the signage present at 
the roundabout is described. At every roundabout the sign ɐbicycle pathɑ is present but the location 
differs from after the exit of the roundabout or at entering the bicycle path around the roundabout.  

 
The second analysed part is the understanding of the signage. At all the roundabouts the observed 

marking and signage had the same meaning. But in some cases, there was a possibility of too much 
signage. A lot of information had to be processed by the road user. At roundabout 16 the desired 
behaviour on the east side of the roundabout towards the shopping centre was not understandable by 

the observed information .  
 

At the capability -part of the observations there are for some roundabouts some remarkable points. 
Bicyclist crossing roundabout 2 have to make a sharp turn with possible obstructing car traffic  at al 
branches. At this roundabout it is possible to cross the r oundabout as direct as possible as bicyclist but 

also as a car, which causes high speeds. The crossing as direct as possible and the sharp turn on the 
roundabout i s also the cause at R10, the other roundabout where a free - laying cycle path is absent.  

Bicyclist from the Heusdenhoutsestraat at R15 have to make a sharp turn from the bicycle street 
towards the cycle path around the roundabouts. For this turn the  speed has to be reduced a lot and 
the turn is often made wider.   

For all roundabouts, the separate approaching cycle lanes, are wide where and sufficient space. 
The space between exposed cycle lanes around the roundabout and the space for cars is sufficient to 

stop for other traffic.  At roundabouts at the bottom of an overpass, this space may be too lim ited to 
adequately assess the high speed of cyclists.  
 

The willingness of a bicyclist can be generalized towards a bicyclist wanting to travel in the fasted route  
based on their origin and destination. Although  even the cyclist in this does not want to be hit . On all 

roundabouts, the layout meets cyclists' expectations. Most roundabouts themselves have few or no 
unsafe features and should ensure that all road users can pass safely through them. In some cases, it 

is the behaviour of other road users and of c yclists themselves that makes them unsafe. At R18, drivers 
sometimes assume that cyclists will take the main route across the roundabout and do not consider 
cyclists who deviate from this route. They should give way.  

Exceptions are roundabouts where cars and bicycles share the same section of road. At these 
roundabouts, unsafe situations often occur because cyclists do not always see what is expected of 

them. On some junctions, cyclists come directly onto the roundabout from a separate cycle lane, where 
they share the road with motorists. There is little room for cyclists and the space available often has 
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to be shared. On R10 it was therefore common for cyclists to ride through the inside of the roundabout 
to get a cut -off. Other road users need to be aware  of this. At R2, the other roundabout without a 

separate cycle lane, this situation was not observed.  
 

With this overview the sub question  2 has been answered. A start has been made in the answering of 
sub question 3.  Overall, Breda's roundabouts score well on human factors . There are some areas of 

concern around bicycle -bicycle conflicts at roundabouts with separate cycle tracks. At the roundabouts 
where there is a cycle lane or suggestion lane on the roundabout for b icycles, space for cyclists is 
limited and the roundabout is not easy to negotiate as a cyclist. When entering the roundabout, 

dangerous situations may arise here more often. Due to the trees between the road and the cycle path, 
visibility at the roundabou t in Ulvenhout is extremely reduced and cyclists suddenly appear.  

It is noticeable about the roundabouts that when there is no separate bike path at a certain branch, 
cyclists more often drive across a roundabout from this branch in the opposite direction .  
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6. Survey: Subjective traffic safety  
The subjective traffic safety has been researched by a survey among residents of the municipality 

Breda. This survey contains quantitative data towards perceptio n of risk and safety at the 

roundabout. The survey suppor ted in answering the sub -question  ôWhat is the subjective traffic 

safety of bicyclist at roundabouts?  ôand ôHow do different circumstances affect human factors and 

subjective road safety of cyclists at roundabouts?õ.  

 

6.1. General characteristics of survey 
The survey has been filled in by 137 separate respondents. All these respondents are bicyclists at the 

selected roundabout. In addition, some also use the roundabout as motorists or pedestrians.  Figure 
6.2 shows an overview of the age distribution of the respondents. In Appendix I an overview of the age 

distribution in Breda and in the Netherlands is given. The age distribution of respondents is not the 
same as the Dutc h or Breda age.  However, this does not create problems in this study, where the 
purpose of the survey is to retrieve experiences and perceptions. Without a fully representative group, 

however, outcomes can be stated about the relationship between human fac tors and subjective traffic 
safety .   

Figure 6.1 shows the distribution of gender over  the respondents  and their bicycle frequency . The 

bicycle frequency and answers the experience -part of subjective traffic safety  conceptual framework.  
The respondents were asked to select a roundabout to answer the questions about. After the questions, 

the respondent got the opportunity to answer the sam e questions for another roundabout. Seven 
respondents chose to answer the questions for a second roundabout. Based on the distribution shown 
in Table 6.1 for R2, R4, R 5, R15 and R16 the results can not  be used to say something about the 

roundabouts at a local level. But they can be used in statements about roundabouts in general. R 7, 
R10, R14 and R18 are used in the further analysis of the survey.  
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TABLE 6.1:  SELECTION OF ROUNDABOUTS   
First selection Second selection 

R2 Groenedijk, Doornboslaan, en Cornelis Joosstraat 3 2 

R4 Cornelis Joosstraat, Maasdijk, Lange Weide en Kapittelweg 0 1 

R5 Groenedijk, Vlaanderenstraat en Hamdijk 2 0 

R7 Lange Bunder en Dorstseweg 11 1 

R10 Dorpstraat, Rouppe van der Voortlaan en Marktdal 22 1 

R14 Velsgoed, Beeksestraat en Backer en Ruebweg 86 0 

R15 Heerbaan, Heusdenhoutsestraat en Bisschopshoeve 1 1 

R16 Monseigneur de Vetstraat, Hoogeind en Heusdenhoutsestraat 1 0 

R18 Teteringsedijk, Hoogeind en Sint Ignatiusstraat 10 1 

Perception towards being involved in an accident.  

For the previous mentioned roundabout,  the correlation between different questions have been 
analysed. Between have been  involved in an accident, not specifically at a roundabout ,  and the 

perception towards being involved in an accident as bicyclist in general, not specifically at a roundabout , 
the correlation coefficient is equal to  0,21.  Which means there is little or no correlation between the 
two components.  

 
In Table 6.2 the correlation between the answer the respondent says towards being involved in an 

accident as bicyclist in general and at the location of the roundabout.  The higher the correlation, the 
stronger the variables are statistically related (Thiel, 2014) . A correlation of 1 means a high correlation. 

This means that if one variable changes towards, the other variable changes in the same direction. If 
the correlation is zero, there is no relation between the variables. For R18 a stron g correlation  can be 
found between the components. At the other roundabout a medium correlation is present. This 

correlation is a bivariate correlation, which means that no other variables are taken into account (Thiel, 
2014).  

For this correlation it is important to mention that according to Fraenkel and Wallen (2009)  the minimum 
sample size to determine a correlation is not less then 30. The higher the Ɍnɍ the more reliable the 
correlation o utcome.  Based on the literature the correlation outcomes for R7, R10 and R18 are not 

allowed to be used so no comparison in correlation is possible.  
TABLE 6.2:  CORRELATION BETWEEN BEING INVOLVED IN AN ACCIDENT IN  GENERAL AND SPECIFIC AT THIS 

ROUNDABOUT 

  Correlation  N 

R7 Lange Bunder en Dorstseweg 0,66 12 

R10 Dorpstraat, Rouppe van der Voortlaan en Marktdal 0,69 23 

R14 Velsgoed, Beeksestraat en Backer en Ruebweg 0,57 86 

R18 Teteringsedijk, Hoogeind en Sint Ignatiusstraat 0,75 11 

The distribution over the d ifferent roundabout towards how likely it is perceived to be involved in an 
accident  is illustrated in Figure 6.3. Where  R7 and R14 have a remarkable high percentage at a large 

chance of being involved.  
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This perception can be translated into a grade for the roundabouts. On a scale from 1 tot 5, where 1 
is having the feeling the chance of being involved in an accident at this roundabout is very small to 5 

where the chance is v ery big. The higher the rating is, the more likely people perceive they are to be 
involved in an accident and the more unsafe the roundabout is.  
In Table 6.3 the grades are shown. The differences between the roundabouts are minimal.  Remarkably, 

the roundabout that scores best is the roundabout without a separate bicycle lane.  No specific 
explanati on for this can yet be found. As no respondents answered the questions on two of the further 

elaborated roundabouts, no comparison can be made between the outcomes per roundabout.  
TABLE 6.3:  GRADES PER ROUNDABOUT 

  Average grade  

R7 Lange Bunder en Dorstseweg 3,3  

R10 Dorpstraat, Rouppe van der Voortlaan en Marktdal 3,2 

R14 Velsgoed, Beeksestraat en Backer en Ruebweg 3,4  

R18 Teteringsedijk, Hoogeind en Sint Ignatiusstraat 3,3  

Perception in situations  

Respondents are asked to indicate how safe they felt in specific situations.  This was done using a scale 
where 1 was very unsafe and 5 was very safe.  In Table 6.4.  average rates  are visible. And in Figure 

6.4. , these values are visualised for e ach roundabout.  
TABLE 6.4:  RATES PER SITUATION 

 Average of 
Cycling on the 
roundabout 
where other 
cyclists cycle  

Average of 
Cycling on the 
roundabout while 
a car drives on 
the roundabout  

Average of 
Cycling on t he 
roundabout while 
a car approaches  

Average of 
Cycling on the 
roundabout while 
a car wants to 
turn off at the 
roundabout  

Average of 
Cycling on the 
roundabout while 
another cyclist 
approaches 

Average of 
Cycling on the 
roundabout  

R7 3,2 2,5 2,5 2,1 3,3 3,4 

R10 3,7  2,8 2,5 2,3 3,5 3,3 

R14 4,3 3,4 3,1 3,4 4,0 4,6 

R18 3,5 2,9 2,5 2,3 3,6 3,2 

Based on these values, it can be concluded that roundabout 7 in Bavel is perceived as the most unsafe 
by respondents across all situations. Across several situations, the perception is between unsafe and 

neutral.  
It is noticeable that the difference in perception between a car driving on a roundabout and a car driving 

towards a roundabout is minimal. There is a significant decrease in the feeling of safety when this car 
also wants to turn off. These figures can be explained by the fact that cyclists often feel that they are 
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not fully seen and cycle through the roundabout at  high speed. The decrease in feeling safe when a car 
is about to turn can be seen on the other roundabouts, with the exception of R18.  

 
At R10, respondents reported feeling safer when cyclists were entering the roundabout than when a 

cyclist was approachi ng the roundabout. This may be explained by the fact that the conflict between 
cyclists and cars is not regulated on this roundabout, but also by the fact that there is no bicycle facility 

on the roundabout. In situations with cars, the feeling of safety d ecreases in the following situations: 
car on the roundabout, approaching car and turning car.  
R14 shows the same trend for the feeling of safety in situations with a car. Interestingly, the cyclist on 

the roundabout situation is perceived as less safe tha n the cyclist on the roundabout with another 
cyclist.  

Based on the safety perceptions of R10 and R14, which are almost the same in all situations, it 
seems at first glance that the roundabouts are the same. However, the roundabouts are completely 
differen t due to the presence or absence of a cycle facility.  

 
At R18 the roundabout is perceived as much safer overall than the other roundabouts. All situations 

score almost one point higher. It is noticeable that cars exiting the roundabout are perceived as safer 
than approaching cars. This may be explained by the fact that on many branches of this roundabout 
cars can be driven at high speed and the driver is slowed do wn by the roundabout.  

6.2. Survey and model 
In the survey the questions can be linked to the subjective traffic safety part in the conceptual model. 
The model says the base -components; attributes, experience, attitudes, control,  and risk, together 

with the loca tion characteristics influence the appraisal which influences the perception. This model 
ends with the ɐcopingɑ, and the question h ow does the user deal with the perception of safety in the 
traffic situation?  Each component appears separately or in combina tion with other components in the 

survey to answer the question.  
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FIGURE 6.4:  RATES PER SITUATION 
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Base-components  

The survey subtly or explicitly identified the different components of base -compounds , attr ibutes, 
attitudes, experience, risk,  or control,  of the framework for subjective traffic safety. Some questions 
explicitly ask for a component, others combine the components and do not specifically name the 

component itself.  For example, in experience, res pondents were asked about how often the roundabout 
is used by bicycles and whether the car is also sometimes driven. An important component is whether 

people have experience of an accident on this roundabout.  Figure 6.5 shows an overview of how the 
division of the respondents over the being involved in an accident. Interestingly, many respondents 
seem to have been involved in an accident. There are two reasons for this. The first is that people who 

have negative experiences at a site are more likely to report them. The second is that many answers 
to the question "Exp lain your accident" also come from near -accidents, seeing accidents or relatives 

involved in accidents. Therefore, the answer to the question of having been involved in an accident can 
also be interpreted in different ways.   

For the roundabout with the highest rate of accidents, roundabout 14 in Prinsenbeek at the Velsgoed, 

Beeksestraat and Backer en Ruebweg, a high number  of respondents has been involved in an accident 
as bicyclist or as driver of a motorized vehicle. For the  accidents with bicyclist different reasons are 

given. The most mentioned reason is it not receiving priority by other car drivers.  
ɐEspecially from the Albert Heijn towards the station. Here motorists often brake very late. They turn 

towards the highway but forget that as a cyclist you have priority. In addition, from the station towards 

Albert Heijn. If you cycle the roundabout with this, the cars turn off without braking. ɑ Ɉ Female, 30 till 39 

years  

 

ɐA car, in front of me from the right, that did not w ant to give the mandatory right of way and drove on. It 

was only thanks to the fact that I was alert to this that I did not have an accident. So, I anticipated as a 

cyclist, partly in view of my experience as a motorist on this roundabout. ɑ Ɉ Male, 60 till  69 years  

Another mentioned reason for accidents is hitting the elevation at the roundabout between the cycle 

path and the pedestrian crossing.  
ɐAlmost fell off the bike after hitting the elevation. And known to be worse by other persons. Why is that 

elevation placed there and also poorly lit. ɑ Ɉ Female, 60 till 69 years.  

The situation of not gaining priority as a pedestrian by motorized traffic is at this roundabout the cause 
of the accident with a pedestrian. Respondents who had an accident as driver of a motorized vehicle 
had this accident due unexpected people cycling against the direction  and the late mentioning of 

bicyclist which come with high speed from the cycle bridge.  
 

At the Teteringsedijk, roundabout 18, the not gaining right of way as a cyclis t is the main reason for 
accidents with cyclist. Roundabout 7, Lange Bunder and Dorstseweg in Bavel, the high speed of cyclist 
which come down from the viaduct is mis - interpret by cars. Besides cyclist often do not get right of 

way, regardless of the direc tion the car is coming from . Car drivers mention the problem of not being 
able to see cyclists coming.  
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ɐFrom the Lange Bunder toward s Breda is no problem, but from Breda towards the Lange Bunder is a 

disaster as a cyclist. Because cars turning right at the  bottom of the viaduct all misjudge the speed of the 

cyclists. They think that if they have overtaken a cyclist halfway through the viaduct, they can easily turn 

right . At least once a week I have to scream and squeeze the brakes hard. By the way, this is even worse 

in the dark. Even though I just have the light on. And cyclists are in the blind spot of the motorist. And 

cars coming from the village often do not notice that cyclists are coming from the viaduct. In addition, 

they often stand in the middle of  the cycle path waiting for them to enter the roundabout. Very dangerous 

many times! ɑ Ɉ Male,50 till 59 years  

At the Groenedijk, Vlaanderenstraat en Hamdijk, roundabout 5, the resp ondent sees the driving style 

of other road users as a cause of accidents. A ccidents happen due to speeding towards the roundabout.  
Roundabout 2, at the same Groenedijk, the cause of the accident is said to be that the car was seen 

too late on the roundabout and could not be stopped for the shark teeth.  The other way around where 
a car did not see the cyclist at the roundabout has also been mentioned.  
 

The roundabout in Ulvenhout, roundabout 10, is one where accident with bicyclist happen due to 
weather conditions and therefore no longer being able to brake.  Cyclist at this rounda bout often do not 

get priority and some cars even speed when they see the cyclist. The free - lying cycle paths make 
cyclists less visible.  Additionally, not receiving the right of way of entering bicyclist is seen as a problem 
at this roundabout.  

ɐI was, regularly, not given priority while I was already driving on the roundabout as a cyclist. ( Also,  often 

not from cyclists approaching the r oundabout! This almost always happens to me. From the Rouppe v an 

der Voortlaan, cars often come at a high pace, you are scared to death. Especially in the evening. The 

pedestrian crossing at the roundabout on the Dorpstraat is a crossing that you sometimes  have to make 

with true contempt for death. Almost hit as a pedestrian many times.) ɑ Ɉ Female 60 till 69 years  

Appraisal and perception  

The respondents are asked to indicate their ideas for why a certain roundabout is safe or unsafe.  In 
Figure 6.6 these reasons are indicated per roundabout. For all the roundabouts the behaviour of 
motorized vehicle drivers plays an important role in the cause of accidents. Followed by t he behaviour  

of cyclists  and intensity of motorized traffic  at R7, R10 and R1 4.   
 

The major components are therefore fairly similar at the roundabouts. The distinction, however, is 
made in the other possibilities. For example, at roundabout 7, having poor visibility plays a major role 

combined with the speed of cyclists, together these factors play a bigger role in accidents than the 
behaviour of motorists and cyclists combined. In addition, weather conditions also have a great 
influence on the occurrence o f an accident. For R10, several factors play an equal role in the occurrence 

of an accident. The speed of cyclists and lighting on the roundabout are two more prominent factors. 
At R14, the speed of motorists and cyclists is an important factor. For R18, t he speed of cars is also 

seen by respondents as a cause.  
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FIGURE 6.6:  REASONS FOR ACCIDENTS 

Coping 

In the survey the respondents are 
asked to indicate their behaviour in 
certain situations. These situations 

differ from cycling at the 
roundabout with or without 

different kinds of traffic  and helps 
to fill in the coping element of the 
model . In Figure 6.7, Figure 6.8, 

Figure 6.9, Figure 6.10 and Figure 
6.11 the behaviour per roundabout 

is illustrated in different situations.  
 
From the visualisation and the data 

from the question, show that the 
respondents coping reasonably 

illustrated per coping situation 
gives the same picture per 
roundabout. This means that 

coping is similar for each 
roundabout in the situation. Per 

situation coping d oes change per 
roundabout.  
In all situations, indicating the 

direction being driven is seen as 
one of the most commonly 

displayed behaviours by road 
users.  Interestingly, in the 
observations, this was mostly not 

observed among cyclists.  
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Followed by looking extra at other 
traffic and seeking eye contact 

with the road user. In the 
situations involving a motorist or a 

truck, respondent s indicated 
slowing down and, in some cases,  

giving way.  
The behaviour shows that at R18, 
there is a lot of swerves by cyclists 

to make room for o ther road 
users. On R14, in all situations 

compared to the other 
roundabouts, people choose to 
drive slower more often. At R7, 

this behavioural change is also 
chosen more often.  

 
Figure 6.7 and Figure 6.11 show 
that the respondents indicated 

that they deal differently when a 
car or truck drives on the 

roundabout. When a truck drives 
on the roundabout, respondents 
indicated that they are more li kely 

to reduce speed on their bikes. 
Whereas with the car, on the 

contrary, more eye contact is 
sought.  
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 
 

 

FIGURE 6.9:  COPING SITUATION :  CYCLING WITH OTHER CYCLISTS 

FIGURE 6.10:  COPING SITUATION :  CYCLING ONTO ROUNDABOUT WITH 

CYCLISTS 

FIGURE 6.11:  COPING SITUATION :  CYCLING WITH TRUCK ON ROUNDABOUT 
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6.3. Roundabout specific 
In 6.1. an overview of the respondents per roundabout is given in Table 6.1.  To ensure validity, it was 
chosen to look specifically at the survey results for these four roundabouts.  This are roundabout 7, 10, 

14 and 18. Specific comments are mentioned in the paragraph below which influence the subjective 
traffic safety at that roundabout.  

Roundabout 7  

Half of the respondents have experience with (almost) accidents at this roundabout,  these accidents all 
are at the south side of the roundabouts. At this location, the bicyclist comes with a high speed down 

from a viaduct. Motorists often underestimate speed or fail to pay close attention to what bicycle traffic 
will do.  For motorists it  is difficult to see but also bicyclist mention the reduced visibility due to the 

bushes present along the road.  
As additional comment for the roundabout one respondent mentioned he would prefer a regulated 
crossing, as it was before, over the current roun dabout.  

Roundabout 10  

For the roundabout respondents were asked to make a comment about what the roundabout makes 

unsafe. Comments for this roundabout are ɐSpace for all the traffic is too narrowɑ, ɐthe partly around bicycle 
path on the north -east side of  the roundabout combined with the bicycle suggestion lane at the roundaboutɑ or 
ɐThat the bike lane is not clear and that the bike lane is not separate from the road causing cyclists to enter the 

road at once.ɑ.  
Respondents were asked in which situation t hey felt the most unsafe at this roundabout. Two 

respondents mentioned the presence of a buss or freight traffic. The situation when the roundabout is 
busy is mentioned most often by respondents. Followed by situations where there is reduced visibility 

due to bad weather or darkening in the evening. Specifically mentioned is the situation where a cyclist 
wants to turn off in the direction of Ulvenhoutselaan and there is a car and cyclist coming from the 
direction of Rouppe van der Voortlaan. Then it is not clear to whom the right of way should or should 

not be given and whether one gets it.  
Extra comments about this roundabout are that the priority situation is not always clear. The signage 

is not for everyone visible,  and the marking is often faded. Another  respondent questions why bicyclist 
always think they have priority, since there is shark -marking present. The improvement of the lighting 
at this roundabout and approaching lanes, especially the Rouppe van de Voortlaan, is something the 

respondents would like to see occur .  

Roundabout 14  

The respondents were asked to indicate their most important causes for an accident. At this roundabout 
the presence of a high intensity of freight vehicles is an important contributing factor in the perception 

of road safe ty.  At this roundabout a lot of bicyclist cycles against the direction of the roundabout, which 
causes near-accidents . One respondent mentions the flooding on the cycle path due to poor drainag e 
and the vegetation around the roundabout.  

Similar to other r oundabouts the behaviour of the drivers at this roundabout is influences the perceived 
safety. Many creeping traffic or through traffic to other villages use this roundabout.  During morning 

and evening rush hour, a lot of traffic is routed through the roun dabout and is often very congested. 
In addition, it is often a bit cluttered for motorists.  
In the additional comments towards the roundabout the respondents differ from opinion. Some 

respondents think the roundabout functions as it is and there should not  be placed any new information 
signs. Other would prefer to see changes in the roundabout in the lighting, water disposal  or make it 

less possible to cycle against the direction.  
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Roundabout 18  

The roundabout is seen as a well designed and equipped roundabout. With the free laying bicycle paths 
and much overview, the roundabout is perceived as pleasant to drive on  as a bicyclist. At this 
roundabout it is possible to cross the roundabout at a high speed.  

Although, on the safety perspective other road users play an important role. As bicyclist at these 
roundabout responds  mention they are dependent if a driver wants to see you and if they are willing to 

stop for you. ɐThe roundabout is a safer solution at this point then the traffic lights, which were there beforeɑ Ɉ 

Female, 40 y .  

6.4. Additional comments other roundabouts 
Besides answering the questions specific for the selected roundabout, respondents were given the 

opportunity to give notes for roundabouts in Breda which are not part of the researched roundabouts. 
For the roundabout at the Bavelseparklaan a respondent mentio ns: ɐAs bicyclist you underestimate the 
speed of motorized trafficɑ. The roundabout between R2 and R4 at the Cornelis Joosstraat which also has 

bicycle suggestion lanes is mentioned as a feeling unsafe. A compliment is added towards the 
roundabouts in Bred a, since every roundabout in the urban area has the bicycle in the priority the rules 

are clear. ɐIn Oosterhout the rules change per roundabout, that is way more confusingɑ.  

6.5. Conclusion 
This chapter  contributes to answering  the sub questions  ɌWhat is the subjective traffic safety of bicyclist 
at roundabouts?ɍ and ɌHow do different circumstances affect human factors and subjective road safety 

of cyclists at roundabouts?ɍ.  
 
The different circumstances are in this research the different roundabouts  and their lo cational si tuation. 

Based on the survey, there are several components per roundabout that make road users feel unsafe 
or safe on the roundabout.  

For roundabout 7, the high speed of cyclists and poor visibility on the roundabout as a motorist 
but also as a  cyclist are seen as causes of accidents. In doing so, many people misjudge the situation. 

Specifically cycling from the viaduct, cyclists feel they are not well seen by turning cars. However, not 
all respondents indicate that they also reduce speed in thi s situation. Some road users do feel safe 
when cycling on the separate cycle path towards the roundabout.  

Roundabout 10  is located at the entrance of Ulvenhout . On this roundabout, road users do not 
always feel they are seen,  and it is not always clear who should give way on the roundabout in the case 

with other cyclists but also with motorised traffic. In the dark, visibility can be very poor. It is also 
mentioned that the shark teeth present are not always clearly visible. I t is also felt unsafe when 
motorists try to overtake cyclists on the narrow roundabout.  

At R14, the high speed of cars is seen as a problem where there is not always good visibility,  
and the speed of cyclists is not as expected in some cases. Cyclists ofte n feel safer on this roundabout 

when there are several cyclists cycling but do feel that they should always pay attention. This is because 
there are many motorists who turn without indicating direction and do not give way. Some cyclists feel 
that many hast y users drive across the roundabout during  rush hour.  

Roundabout 18 is perceived to be relatively safe by road users due to the separate bike paths 
that surround the roundabout. Cyclists feel less safe when cars approach at high speed and do not 

feel they are seen as cyclists.  
 

The roundabouts in Breda are generally perceived as neutral to safe by the respondents. The 

respondents themselves also indicate that they often feel unsafe because the priority situation is the 
same everywhere. As a cyclist on a ro undabout with other cyclists, respondents feel much safer than 

when car drivers approach the roundabout or the roundabout itself. This difference is between neutral 
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and safe. It is striking that there is no visible difference between the roundabout with a separate 
cycle lane, where it might be expected that this roundabout would be perceived as less safe.  

In terms of subjective safety, the causes of accidents are mainly attributed to the intensity and 
behaviour of motorised traffic. In some cases, the speed  of the cyclist is also an important cause of 

an accident. Based on the results of this study, the general feeling of safety is mainly determined by 
other road users and the infrastructure of a roundabout plays a minor role. Specific elements of a 

roundabo ut are not identified as unsafe. Through the human factors, the behaviour shown is also 
linked to the design and environment of the roundabout.   
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7. Relation between Human 

Factors and Subjective traffic 

safety  
In this chapter the relation between  the  outcomes for the  human factors described in chapter 5 

and the outcomes for the subjective traffic safety at the roundabouts from chapter 6 is described.  

In this chapter the first step in answering the main research question  is made. This is done by looking 

at the conceptual framework as defined in chapter 2. Followed by examples of how the concepts 

relate to each other. To conclude with a modified framework which shows the relation between 

subjective traffic safety and human factors.  

7.1. Framework 
In the theoretical framework the conceptual model , Figure 7.1,  has been defined . In this model is said 

that coping on the side of subjective traffic safety and behaviour  on the side of human factors are 
related to each other or even the same. This has b een indicated by a purple dashed line. In this 

research the two concepts have been researched separately.   

In the framework, the components that could be similar are indicated with the same colour. The basic 
components of the subjective traffic safety ( STS) are thus at the same level as the observing et cetera 

of the human factors ( HF). Within subjective road safety, the location characteristics are not specifically 
named in the survey, as this is seen as a natural starting point when selecting a  roundabout to complete 

the questionnaire  by a respondent.  This approach is conforming  the framework, where the dashed lines 
indicate  the indirect influence of the location characteristics towards appraisal. On the other side of the 
framework, at the human  factors, t he location characteristics  in HF, design, lay -out, traffic situation 

and surroundings, are an essential starting point in determining human factors .  
 

In approaching the concepts of STS and HF, a difference was made where the researcher for the human 
factors  had a tight observational view in which all parts of the roundabout were named and described 
by the use of the observation scheme. This approach is reducible and provides several examples of the 

situation.  
Subjective traffic safety, on the o ther hand, was determined by a select group of survey respondents. 

The respondents who responded to the survey may have a bias towards roundabout accidents.  The 
respondents are divided by age and gender,  but everyone has a different perception on a roundab out. 
Within the road users' perception of traffic safety on roundabouts, there are therefore large differences. 
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However, a common thread in the subjective safety at a roundabout can be identified.  For cyclists, the 
behaviour of motorists and their behaviou r is often perceived as unsafe and affects their perception of 

safety more than site -specific factors such as, for example, visibility, lighting,  or use of space.  

7.2. Substantiate the other concept 
The analysis of the two different concepts shows that the res ults of one concept, mainly from the 
perspective of subjective road safety, can be substantiated by the knowledge gained from the 

observations of human factors.  
By being able to explain the behaviour  given as unsafe by linking it to the roundabout, recommendations 

can be made to improve the perception.  Below the different topics which the roundabouts studied, the 
following components were found by STS and had t o be explained by the use of  knowledge by  the 

human factors .  No examples have been given where HF is substantiated  by the outcomes  from STS.  

Cycling from an elevation  

It was indicated from the subjective safety data for R7 and R14 that on the roundabout, the high speed 

of cyclists is often a prob lem. The human factors  observations found that at both roundabouts, cyclists 
on one branch cycle off from an elevation and directly onto the roundabout. Bicyclist are not required 

to reduce speed when they approach the roundabout. Therefore, cyclists ride at a different speed 
towards the roundabouts then cyclists cycling at the same elevation. This is therefore an unexpected 
situation for other road users.  

Space 

An example of a case where the human factors substantiate the outcomes of the subjective traffi c 

safety is the quotations where a respondent over roundabout 10 said ɐspace for all the traffic is too 
narrowɑ. In the human factor analysis,  the limited  space has also been identified as a negative effect 

on the road safety.  

Bad visibility  

At the same roundabout the bad visibility of cyclists has been mentioned frequently. In the human 
factors analysis,  the presence of trees between the road en bicycle path has been indicated as road 
unsafety indicator. The respondents state the visibility deteriorate s in the dark of bad weather 

conditions. In the human factor analysis,  the lighting situation on this roundabout has been elaborated.  

7.3. Different insights 
In addition to the innovative findings, there are also some findings that are unique to the HF concept. 
These findings cannot be directly linked to STS. Explanations for this are that STS only looks at what 

is happening and HF peels back the cause of what is happening.  In this relation  between STS and HF  it 
is important to keep in mind the STS ha s only been detailed for four roundabouts.  

The examples below show, new insights which have come through the observations for the human 
factors  are seen. By using the human factors, one can have the idea of having a complete road safety 
picture of the rou ndabout. Insight into subjective safety on a specific roundabout also provides insight 

into the importance of specific components as they play to road users. Besides, the form of influence 
of the other road user is also more evident in this context.  

Bicycling against direction  

At several roundabouts, it was noticed during the observations that cyclists were cycling across a 

roundabout against the direction. This occurred mainly when entering the roundabout from a branch 
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where there was no separate cycle lan e, i n other words  a cycle lane or a suggestion cycle lane. On 
these roads, it is easy to cross the road in front of the roundabout.  

In addition, cyclists from a separate bicycle path also sometimes rode against the direction across the 
roundabout or against the direction of a branch. For the latter, this behaviour was often linked to a 

specific destination which could be reached more easily or safely by crossing the bike path against the 
direction.  

Signage at roundabouts  

In the observations, different ways of signposting for cyclists were identified 
on Breda's roundabouts. For roundabouts with a separate bike path around 

the roundabout, this mainly involves the sign obliged for cyclists, G11, as 
shown in Figure 7.2. The location of this sign varies per roundabout. At some 

it is immediately after the exit of the roundabout and at others in the curve of 
the cycle path. It is also not always found in all p laces where it would be 
expected. Because of these changes, we looked at what the recommendations 

are from the guidelines for the placement of  signs around a roundabout .  
The CROW (1998) states in ɌEenheid in rotondesɍ more then 90% of the road 

users use the marking, red bicycle crossing and the signage to indicate the 
applicable  priority situation.  In the same guideline Figure 7.3 is added to illustrate the recommended 

situation. During the expert discussion, chapter 8, the (imp ortance) of the location of the sign will be 
discussed.  

  

FIGURE 7.2 TRAFFIC SIGN 

G11 (I NFORMATIEBORD) 

FIGURE 7.3:  CYCLISTS WITH PRIORITY:  ROUNDABOUT SIGNS (CROW, 
1998) 
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Marking at roundabouts  

CROW stated the recognition of the situation by 
users is mainly done by looking at road signs, with 
shark teeth  being the most important.  At the 

roundabouts in Breda the car -car and bicycle -car 
intersections are regulated by the combination of 

signs, marking and shaded cr ossings.  Although in 
some situations the marking has been faded. But 
the bicycle -bicycle crossing is not always arrang ed. 

The bicycle -bicycle situation  is divided into 
roundabouts with separate cycle lanes and 

roundabouts with a shared road section.  

Free- laying bicycle lane  

In Figure 7.3 the recommended signage is shown . In an updated version of 

the same guideline , Eenheid in rotondes (CROW, 2023),  recommend that on 
access roads, priority control between cyclists should be regulated by means 

of priority signs  "shark teeth " on the road surface as shown in Figure 7.4.  
In the discussion with the municipality in chapter 8 this topic will be addressed  

together with the additional  use of the sign B6, Figure 7.5. The sign is not 
recommended by the gui delines.  

Shared road (suggestion lane or bicycle lane)  

The mixed -profile roundabout is not recommended in the guidelines. 
Therefore, the CROW did not include a recommendation for  the signage.  

At the roundabouts in Breda the bicycle -car situation is 
regulated. But directly after the bicycle left the roundabout 
the cyclist -cyclist intersection is located which  is not 

regulated. The intersections for cyclist -cyclist are shown in 
Figure 7.6.  

During the observations the cyclist at these intersections 
behave naturally and avo id each other. Among cyclists, some 
doubtful behaviour is visible.  

Traffic type  

From the objective data measured by Breda municipality, 

there is insight into the cyclist numbers on the roundabouts. 
By carrying out observations at the roundabout at differen t 

times, the types of users of the roundabout can be looked at 
per moment. A striking example in this was R7 in Ulvenhout, 
where many recreational cyclists on racing bikes or e -bikes 

cycle past during a recreational round trip. During the morning rush hour  and at the end of the 
afternoon, on the contrary, the user pattern consisted of schoolchildren and people using the bicycle 

as a means of commuting.  Nothing was said about these user groups in subjective traffic safety.  

7.4. Subjective traffic safety and characteristics 
Based on different situations the respondents of the survey were asked to indicate their perception of 
safety at that roundabout. In chapter 6 these outcomes are shown in Figure 6.4.  

 

FIGURE 7.5:  TRAFFIC 

SIGN B6 

(I NFORMATIEBORD) 

FIGURE 7.6:  CYCLIST-CYCLIST 

INTERSECTION AT SHARED ROAD 

ROUNDABOUT 

FIGURE 7.4:  MARKING FOR BICYCLES (CROW, 2023) 
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By the use of the human factors the characteristics of the ro undabouts can be connected to the safety 
perception. Roundabout 7 in Bavel  is by the respondents perceived as the most unsafe in all the 

illustrated situations. Especially the situation where a car wants to turn off at the roundabout is seen 
as unsafe.  Characteristics related to this unsafety perception are the location of the roundabout at the 

bottom of a viaduct.  
Roundabouts 10 and 14 are  totally different roundabouts in appearance. However, the numbers match 

up reasonably well. Striking here is that at R 10 there is no separate bike path and cyclistsɍ cycle across 
the same roundabout. The sharing of the road section does not seem to affect the perception of safety 
by respondent  compared to the other roundabouts.  

 
Overall, R18 is perceived as a safe rounda bout. Cyclists feel especially safe in the situation with other 

cyclists on the roundabout and in general cycling on the roundabout. In all situations the difference 
with other roundabouts is relatively large. Despite the fact that this roundabout too, lik e R7, is located 
at the bottom of a (bicycle) overpass.  

7.5. Modified conceptual model. 
The outcomes of the different concepts give insights into the  reciprocal relation  between subjective 
traffic safety and human factors . In the conceptual model shown in Figure 7.1, the subjective traffic 
safety and human factors  are always s een from a bicyclist perception. In the analysation of the data 

for subjective traffic safety clearly emerged the influence of other traffic users in the perception of 
safety and therefore the coping.  Based on the insight gained into the relationship betwe en human 

factors and subjective traffic safety at a roundabout, the framework has been modified  as shown in 
Figure 7.7.  

Human factors  

In the modified framework the human factors side is adapted to the new insights. The behaviour  of 
the motorized vehic le driver influences the perception of a bicyclist at a roundabout. The behaviour of 

the motorized vehicle driver  is a broad term covering several componen ts. For example, whether or 
not to yield the right of way, speed of the motorist, indicating direction or looking extra carefully at 
other road users are among the possible behaviours that can be exhibited. These components are 
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behavioural components that from the study influence the perception of subjective safety. The 
behaviour of a motorist is, just like for cyclists, determined by the external factors of the roundabout 

which influence the human factors.   
 

The choice was made to separate the car driver a nd cyclist external factors  in the model. This is 
because for the car driver this is different from the roundabout. For motorists, there are more signs 

on the roundabout in Breda municipality to indicate that they should give way or that a roundabout is 
being approached. These extra signs are also recommended by CROW  (1998) . The traffic situation is 
almost the same for cyclists and motorists. However, from the cyclist's point of view, more attention 

is paid to the intensi ty and speeds of cyclists, while for motorists this focus is on cars. The last factor 
surroundings seem to be almost the same, however, there are parts that have more influence on the 

human factors for a car driver, such as a motorway exit, the location of  kiss+ride at a station and a 
parking garage. For cyclists, the presence of schools or other specific locations plays a bigger role in 
human factors.  

Subjective traffic safety  

The subjective traffic safety in the modified model has not been changed towards  the conceptual 

model. In the theoretical framework  the factors Sørensen and Mosslemi (2009)  defined as influencing 
the subjective traffic are shown in Table 2.2. Sørensen and Mosslemi (2009)  stated the traffic volume 

and speed were the top influences. In this research the behaviour and intensity of motorised vehicles 
are seen as the most important influencers of the subjective traffic safety. These results are therefore 
consistent.  

Although the framework developed by Menkehorst (1986)  was originally developed for residential areas, 
the model is still applicable to defining subjective road safety at roundabouts, provided that all 

components are defi ned specifically for roundabouts.  

Relation 

Another change in the modified model is the position of the arrow from the behaviour on the human 

factors side to the subjective road safety side. Based on the results of this research, it can be seen 
that a user' s perception of a roundabout is determined by the behaviour of other road users. The 

perception of a roundabout influences the management of a roundabout. Although site characteristics 
are included in subjective road safety, this is still taken as the star ting point. Therefore, the modified 

conceptual model is not further simplified. This would mean that each component would have been 
further explored. However, this is not essential for determining subjective safety.  
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8. Expert discussion 
Chapter 7 gives an overview of the relation of the subjective traffic safety and human factors. 

Based on this relation a new modified model has been defined . For the roundabouts the ôproblemsõ 

are defined. This chapter This chapter provides an answer to sub -question 4. It also examines what 

the professional field thinks of the results .  The results are showed in a statement -form and  were 

addressed in a discussion session with actors  from the municipality and DTV Consultants.  

8.1. Statements 
In chapter 7 the relation between subjective traffic safet y and human factors at the roundabouts has 
been expelled. In this chapter different discussion points have been addressed. These discussion points 

have been formulated into statements which have been discussed during an expert discussion. consist 
of some s tatements at the concept level. The remaining statements are practical statements for 

roundabouts in general .  During the discussion several examples  at roundabouts in Breda  will be shown 
to illustrate the  statement s or support the discussion . The statement s are shown in Table 8.1 and Table 
8.2 in English and Dutch. Since the discu ssion is held in Dutch.  

TABLE 8.1:  FRAMEWORK CONCEPT STATEMENTS 

English Dutch  

Approaching the roundabout through human 
factors is an important angle in looking at safety 

at a roundabout.  

Het benaderen van de rotonde door middel van 
human factors is een belangrijke invalshoek in het 

bekijken van de verkeersveiligheid op een 
rotonde.  

Approaching the roundabout through subjective 
road safety is an important angle in looking at 
road safety at  a roundabout.  

Het benaderen van de rotonde door middel van 
subjectieve ve rkeersveiligheid  is een belangrijke 
invalshoek in het bekijken van de 

verkeersveiligheid op een rotonde.  

TABLE 8.2:  PRACTICAL STATEMENTS AT ROUNDABOUTS 

English Dutch  

Cyclists approaching a roundabout at high speed 
from a bridge or viaduct should be slowed down 
in the design  of a roundabout .  

Fietsers die met een hoge snelheid vanuit een 
brug of viaduct  een rotonde naderen  moeten 
worden afgeremd in het ontwerp  van de rotonde . 

When cyclists approach a roundabout at high 
speed from a bridge or viaduct, motorists should 

be alerted to this in the design, signs,  or 
markings.  

Wanneer fietsers m et een hoge snelheid vanaf 
een brug of viaduct een rotonde naderen moeten 

automobilisten in het ontwerp, bebording of 
markering op geattendeerd worden.  

Cyclists cycling against the direction across a 
roundabout should be stopped in the design.  

Fietsers die tegen  de richting  in over een rotonde 
fietsen  moeten tegengehouden worden in het 

ontwerp.  

The bicycle -bicycle crossing should be regulated 

by shark markings.  

De fiets - fiets kruising moet worden geregeld door 

middel van haaientanden.  

At the cycle-bicycle junction, the shark teeth 

should be supplemented by the sign B6.  

Op de fiets - fiets kruising moeten de haaientanden 

worden aangevuld met het bord B6.  

The location of the sign G11  at the roundabout  

matters.  

De locatie van het bord G11 op de ro tonde maakt 

uit.  

8.2. Discussion summary 
The discussion has been h eld with an employee of DTV Consultants active in the field of traffic safety 
and traffic architecture, an employee in the field of traffic psychology and behaviour and an employee 
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of the municipality of Breda active within mobility developments for cycling and traffi c safety.  In 
appendix K a full summary of the discussion has been added. Important conclusions related to the 

practical outcomes of the relations described in chapter 7 are appointed in this chapter .  
 

In the discussion, human factors and subjective safety were briefly discussed using the statements. 
Longer discussion has been about the practical implementation of the concepts. These outcomes are 

included in the concl usions of this study.  

Human factors  

The analysis of human factors at a roundabout is considered very useful. The analysis looks at more 

than just the roundabout specifically and also makes connections with a road user's understanding, 
ability and willingn ess. This provides an important in -depth analysis and allows the roundabout to be 

picked out in order to arrive at the cause of the objective safety problems. In addition, this takes into 
account the big picture, which is done by looking at guidelines only  at the location. The big picture 
involves looking at locations in the surrounding area and the adjacent road network. Ideally, human 

factors are always seen to be consciously considered in design.  

Subjective safety  

The analysis of subjective safety is not  seen as an essential addition. The tendency at all roundabouts 
is mainly the behaviour of other road users after which the deepening using human factors is made. 

Subjective safety can, however, lead as an aid in investigating road safety.  

High speed  

What to do when there is high speed among cyclists due to an increase is a difficult discussion point. 
Several components come together in this. The motorist must give way but must also be able to do 
so. The ability factor is central to the motorist. In the de sign of the roundabout, the motorist should 

therefore have sufficient visibility for the cyclist. The cyclist himself may also be alerted in this that he 
has right of way but does not always get it because he is not seen. The cyclist's own awareness of 

safety plays a major role in this. However, there are no direct points through which this can be achieved. 
A connection between cycling on autopilot and conscious cycling should be sought in this. When cycling 
consciously, a cyclist is also aware of the dange rs. One thing that should be avoided is the continued 

placement of extra signs.   

Direction  

On roundabouts where cyclists cycle against direction, they continue to do so despite the modifications. 
Therefore, if this improves road safety at all (or most) times of the day this should be facilitated. When 

this is facilitated for cyclists, motorists should be given extra notice.  
 
The second point is that from a roundabout, due to a combination of convenience and road safety, 

sometimes people choose to drive into a branch against the direction. This is a point of interest that 
can be taken into accoun t but does not require immediate action.  

Marking  

All bicycle -bicycle conflicts on a separate bike path around the roundabout should be regulated with 

shark markings. This is in accordance with legal requirements. The advantages of the principle whereby 
th is conflict is resolved by seeking eye contact with road users outweigh in terms of road safety the 
advantages of regulating the intersection. The regulation triggers cyclists to cycle consciously and 

reduces cycling on autopilot. With the shark markings, additional signs are not seen as improving road 
safety.  
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9. Conclusion  and 

recommendations  
The previous chapters have answered the various sub -questions to answer the main question. This 

chapter answers the main research question by summarising the sub-questions.  

9.1. Conclusion 
This research was motivated by the increase in bicycle use within cities currently but also the expected 
increase through policies by municipalities. In addition, the number of traffic accidents among bicyclists 

has been increasin g in recent years, and the increase in the number of bicyclists will have to take place 
in a safe manner.  
Ways to look at a place where it is objectively unsafe is through human factors or the safety perception 

of the users, the cyclists, themselves. The combination of these concepts as approaches towards traffic 
safety at an infrastructural element has not been researched before. As infrastructural element, the 

roundabout has been chosen. At a roundabout different traffic flows are combined, although in t he rest 
of the network they may be parallel to each other or use the same network.  The research objective  
has been formulated as:  

To gain insight into the relation between subjective traffic safety and human factors for bicyclist at 
roundabouts  in the Net herlands .  

To achieve the research objective, the characteristics of all the roundabouts in Breda were determined 
in order to select nine roundabouts. Based on the wishes of the municipality of Breda and different 
types of roundabouts. At these nine roundab outs various observations were made to determine the 

human factors. For subjective road safety, a survey was conducted among the inhabitants of Breda. 
The results were then discussed by experts.  This was done to answer the following research question:  

What is the relation between subjective traffic safety and human factors at a roundabout for 
bicyclists?  

With this  question the  research focused on the relation between subjective traffic safety of bicyclist and 
the use of human factors to explain bicyclist b ehaviour at roundabouts  as a way to examine a 
roundabout. These concepts  are a new way  to app roach an infrastructural element , such as the 

roundabout, which score high on objective road safety, and where many accidents therefore occur, but 
the roundabout still seems to have been built according to the guidelines . Multiple sub -questions have 

been formulated to  guide the process towards answering the main research question.   
 
In this study, we looked at the perception of safety from the point of view of the user, in this case the 

cyclist, and the human factors at play at the site, from the point of view of the cyclist. There are many 
similarities in this approach, but also many overlapping elements. The human factors include the 

roundabout itself,  its immediate surroundings,  and the road users. Subjective safety looks specifically 
at how and why the cyclist experiences the roundabout.  
 

The results of both approaches can be mutually supportive. The human factors details help the 
subjective safety an alysis because certain perceptions can be explained on the basis of human factors 

knowledge. In addition, it is mainly the use of human factors in addition to subjective safety that 
provides new insights by changing the focus.  
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The results of subjective road safety show that one's own behaviour and even more so the behaviour 
of other road users, motorists,  and cyclists, have a great influence on the percep tion of safety. The 

insight into the behaviour of these road users as a result of human factors therefore influences the road 
user's perception. Contrary to the hypothesis that stated that coping and behaviour would be (partly) 

the same.  Based on these ins ights  the framework has been adjusted  to the relation as it is.  

A few things about this relationship are that no specific issues emerge only within subjective safety. 

The analysis of subjective safety therefore adds little or no new knowledge, but is very  labour intensive, 
while the result is less than the result of the analysis based on human factors.  

It is recommended that subjective safety be used as a means, alongside objective data, to identify 
which infrastructure elements require safety research. From this knowledge, human factors can be 
investigated. In order to ultimately improve the subjective perception of safety. The city of Breda is 

already working on this way of working in a digital environment.  

9.2. Recommendations for future research 
This research is a first exploratory for combining the concepts of human factors and subjective road 
safety as an approach to test a roundabout. It follows from this research that there is little added value 

in combining these approaches to roundabouts. This study fills the one of three literature gaps by 
looking at cyclists' perceptions of roundabouts. And, in doing so, complements the literature overview 

Poudel and Singleton  (2021)  have written, after which they then ex tracted the preferences of cyclists 
at roundabouts  (2021) .  The used framework designed by Menkehorst (1986)  for residential 
neighbourhoods, this study also shows good applicability fo r roundabouts . Sørensen and Mosslemi 

(2009)  defined the factors influencing the subjective traffic safety for vulnerable road users. S ørensen 
and Mosslemi (2009)  stated that  traffic volume and speed lead to more feeling of unsafety. These 

factors also emerge from this study for subjective safety as the most important factors. In this, speed 
falls under behaviour.  

 
At the start of this research, three different research gaps w ere identified. The second research gap 
was towards human factors. Academic research on the application of human factors to infrastructure 

had not taken place before. The literature available from Harms (2022) , Tertoolen  (2012) , Rypkema  et 
al. (2019)  and Rijkswaterstaat  (2016)  helped in defining the framework for human factors.  This model 

and the elaboration of the factors from the literature fit the research well. Adding the interpretation of 

FIGURE 9.1:  NEW CONCEPTUAL MODEL 
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the same framework for motorists and cyclists complements the literature. Harms (2022), Tertoolen 
(2012) , Rypkema et al. (2019)  and Rijkswaterstaat  (2016)  defined the human factors for the motorist, 

but this approach can be applied for cyclists  
 

However, in this research, the conceptual  framework, as it was initially set up, was only applied to the 
roundabouts in Breda. After the completion of this research, it became apparent that the framework as 

it was initially set up needed to be adapted. This adaptation forms the conclusion of this  research. 
However, further research is needed to determine whether the framework that has been developed is 
adequate.  

 
Indicated as the most important gap, was the third  gap, a literature gap  and in knowledge about the 

relation for subjective traffic saf ety and human factors. Answering the research question answered this 
literature gap.  The research question of this study applies the concepts of human factors and subjective 
safety to roundabouts. For further research, it would be interesting to see how hu man factors and 

subjective safety relate to other infrastructure elements, such as the cycleway itself or a standard road.  
 

This research only looked at the application of the framework to nine roundabouts  in Breda. In the 
network around these roundabouts there were mostly one -way bike paths. 2 of the 9 had no separate 
bike paths and the separate bike paths around the traffic circle were always one -way. With roundabouts , 

as DTV (2019) previously observed, no two roundabo uts are the same. However, there are "other" 
roundabouts  then the examined ones to examine. Other roundabouts, for example with two lanes, were 

not included in this study. However, the difference in safety perceptions between one -way and two -
way cycle lane s was not investigated. Other roundabouts that could be investigated further are those 
where cyclists have no right of way. It is recommended that the newly established framework be tested 

with a large group of different roundabouts.  
 

In this study there were sufficient respondents to the subjective road safety survey. Unfortunately, the 
respondents seemed to be very concentrated on a particular group of roundabouts, mainly in the 
villages around the city. In the end, the survey results for four roundabout s were used to look at 

subjective safety. Unfortunately, the opportunity to compare human factors and subjective safety was 
lost for nine roundabouts. The survey allowed respondents to answer the same questions for more than 

one roundabout, making it possi ble to compare respondents' answers for each roundabout. 
Unfortunately, respondents did not do this very often and the selected roundabouts were not 
comparable due to the small number of respondents. This means that it is possible to investigate this 

furth er.  
 

A final recommendation  is to consider what to do with the outcomes of this study. This study has 
identified the factors that make a cyclist feel unsafe on a roundabout. However, this also leads to some 
comments on the extent to which these factors should be taken into account when designing 

roundabouts. For example, the expert discussion showed that in some situations cyclists may ride on 
autopilot, but this may also make them less aware of the danger. A point of discussion is therefore the 

extent to which the infrastructure should be adapted so that it is perceived as safe.  

9.3. Recommendations for Practice 
In addition to the research recommendations, there are some recommendations for practice based on 
this study. A first recommendation is to in vestigate subjective safety as a starting point to indicate if 

further road safety research is needed and to use human factors in this analysis of the roundabout.  
In this practice, the main recommendation is to consciously consider human factors in the des ign by 

asking questions about the type of road user, the origin -destination, what is in the area and how the 
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roundabout relates to the surrounding transport network. The human factors of observation, 
understanding, ability and willingness are essential for  all roundabouts. Specific locations where human 

factors need to be carefully considered are the location of a roundabout at the base of a viaduct for at 
least one of the road users, or between two specific locations where there is a high probability of pe ople 

driving against the direction of the roundabout.  
A number of roundabouts in the vicinity of the study area still lacked markings to regulate the conflict 

between cyclists and pedestrians. These are legally required to be present on the roundabout, but they 
also ensure better road safety.  

9.4. Reflection 
This survey took place between February and June in 2023. The preparations were mainly in finding an 

internship company and then work on the research proposal started. In this, the research ob jective, 
questions and a first start of the literature review and methodology were made. These parts had many 
innovations during the research and were revised each time.  

 
In this research, the researcher used many different ways of conducting research. Co nducting 

interviews, making observations,  and conducting a survey takes a lot of time, especially in processing 
them. The researcher always had a clear goal and by working in a goal -oriented way, the researcher 
got an overview of the various parallel parts . At times when the researcher himself had more difficulty 

creating an overview, previous moments were scheduled in which the researcher gave presentations to 
three advisers within the internship company, including the question they were currently dealing with. 

Through these small discussion moments, new insights were shared and essential parts of the research 
were emphasised.  
 

In this research, the survey made extensive use of qualitative research.  In addition, some quantitative 
data elements can be foun d in the observations. This mixed -method fits the outcomes needed for this 

study.  
 
In this study, the variation in roundabouts is not fully representative of roundabouts in the Netherlands. 

Although no roundabout is the same, the addition of roundabouts wh ere cyclists are located outside 
the roundabout or there is a two -way cycle path was an interesting addition. The advantage of the 

current approach, however, is that the nine roundabouts were already sufficiently different to allow 
comparison without inclu ding additional factors.   
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Appendix A: Abbreviations  

Abbreviations  

TABLE 10.1:  ABBREVIATIONS 

 Dutch  English 

CROW Centrum voor Regelgeving en Onderzoek in 
de Grond -, Water -  en Wegenbouw en de 

Verkeerstechniek  

Centre for Regulation and Research in 
Earth, Water and Road Construction and 

Traffic Engineeri ng.  

SWOV Stichting Wetenschappelijk Onderzoek 

Verkeersveiligheid  

Road Safety Scientific Research Foundation  

CBS Centraal Bureau voor de Statistiek  Central Bureau of Statistics  

HF  Human Factors  

STS  Subjective Traffic Safety  

 

Definitions  

TABLE 10.2:  DEFINITIONS 

Intensity  De intensiteit op de rotonde is het aantal 

auto's of fietsers dat op de rotonde rijdt .  

Intensity on the roundabout  is the number 

of cars or cyclists traveling on the 
roundabout.  

Centre 
island 

Een middeneiland is het gebied in het 
midden van de rotonde. Dit gebied bestaat 

uit een overrijdbaar gedeelte (bestrating) 
voor de sleeplijn van vrachtwagens en een 
niet overrijdbaar deel, waar bebording en 

beplanting kan worden aangebracht.  

A centre island is the area in the middle of 
the roundabout . This area consists of a 

surmountable area (pavement) for truck 
towing and a non -surmountable area, 
where signage and planting can be 

installed.  
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Appendix  B: Overview roundabouts Br eda  
In this appendix the overview of the roundabouts in the municipality Breda is given. This is done by a 
map where every roundabout is located  and an overview how the roundabouts score on the previously 

determined characteristics. The municipality Breda consists of the following towns or city ; Breda, 
Prinsenbeek, Bavel, Teteringen en Ulvenhout. All the roundabouts within the scope  are considered  for 
this research  and shown in Figure 10.1.  

FIGURE 10.1:  OVERVIEW OF ROUNDABOUTS IN MUNICIPALITY BREDA  
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Scope 

The scope for the selection of the roundabouts where they must  comply with.  
- Inside the municipality of Breda (Breda, Prinsenbeek, Bavel, Teteringen en Ulvenhout)  
- Urban area  

- One-lane ro undabouts  
- Bicycles must  be involved  in some way.  

Characterstics of the roundabouts  

All roundabouts  that fall within the scope are shown in Figure 10.1: Overview of roundabouts in 

Municipality Breda  . The characteristics of each roundabout  were determined. Table 10.3, Table 10.4, 
Table 10.5 and Table 10.6 show the characteristics of the roundabouts .  

The quantity of arms, maximum of speed, bicycle priority, pedestrian crossing and surroundings are 
defined by a location visit. The location in the network is based on the Ɍmobiliteitsvisieɍ of the 
municipality Breda (Gemeente Breda, 2020) .  

TABLE 10.3:  SCORING OF THE ROUNDABOUTS IN BREDA PART 1 

Characteristic  R1 R2 R3 R4 R5 

Quantity of arms  4 3 4 4 4 

Maximum s peed 30, 50, 30, 50  50, 50, 50  50, 30, 50, 30  50, 30, 30, 50  50, 30, 50, 30  

Bicycle facility  Around On On Around Around 

Priority  Yes Yes Yes Yes Yes 

Pedestrian crossing  Yes, 4  Yes, 2 Yes, 3 Yes, 4 No 

Surroundings  Living and 

shopping 
centre  

Living and 

shopping 
centre  

Living and 

shopping 
centre  

Living area Living area, 

industrial  

Location in network  Neighbourhoo
d access 

Neighbourhoo
d access 

Neighbourhoo
d access 

Neighbourhoo
d access 

Neighbourhoo
d access 

TABLE 10.4:  SCORING OF THE ROUNDABOUTS IN BREDA PART 2 

Characteristic  R6 R7 R8 R9 R10 

Quantity of arms  3 4 4 3 4 

Maximum s peed 50, 50, 30  50, 30, 50, 30  30, 30, 30, 30  50, 50,  30 50, 50,  50, 30  

Bicycle facility  Around Around No Around  No 

Priority  Yes Yes  Yes  

Pedestrian crossing  Yes, 1 No No No No 

Surroundings  Living area , 
agricultural  

Living area , 
agricultural  

and industrial  

Living area, 
centre  

Living area, 
Agricultural  

Living area, 
Agricultural  

Location in network  Urban main 

road / 
Neighbourhoo
d access 

Urban main 

road / 
Neighbourhoo
d access 

  Neighbourhoo

d access 

TABLE 10.5:  SCORING OF THE ROUNDABOUTS IN BREDA PART 3 

Characteristic  R11 R12 R13 R14 R15 

Quantity of arms 4 4 4 4 4 

Maximum s peed 30, 50, 30, 50  60? 50, 50, ??  50, 50, 30, 50  50, 30, 50, 30  30, 50, 30, 50  

Bicycle facility  On Around Around Around Around 

Priority  Yes? Yes Yes Yes Yes 

Pedestrian crossing  Yes, 4 No Yes, 3 Yes, 4 Yes, 4 
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Surroundings  Living area, 

centre  

Living area, 

agricultural  

Living area  Living are a Living area, 

shopping 
centre  

Location in network  Neighbourhoo
d access 

Urban main 
road  
Neighbourhoo

d access 

Neighbourhoo
d access 

Neighbourhoo
d access 

Neighbourhoo
d access 

TABLE 10.6:  SCORING OF THE ROUNDABOUTS IN BREDA PART 4 

Characteristic  R16 R17 R18   

Quantity of arms  4 3 4   

Maximum s peed 50, 50, 30, 50  30, 50, 50  50, 50, 50, 50    

Bicycle facility  Around On Around   

Priority  Yes Yes? Yes   

Pedestrian crossing  Yes, 4 Yes, 3 Yes, 4   

Surroundings  Living area, 
paar kleine 

bedrijven/  
kerk  

Living area, 
Agricultural  

Living area, 
Industrial  

  

Location in network  Neighbourhoo
d access 

Neighbourhoo
d access 

Neighbourhoo
d access 

  

 

Overview  of roundabouts  

For every roundabout a n overview picture and type of roads connected are detailed .  

Roundabout 1  

The follow ing streets are connected to the roundabout .  

TABLE 10.7:  ROUNDABOUT 1 

 Maximum speed  Type of road  

Molstraat  30 km/h  residential access road  

Doornboslaan  50 km/h  area connecting road  

Alard Duhamelstraat  30 km/h  residential access road  

Doornboslaan  50 km/h  area connecting road  
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Roundabout 2  

The following streets are connected to the roundabout.  

TABLE 10.8:  ROUNDABOUT 2 

 Maximum speed  Type of road  

Groenedijk  50 km/h  area connecting road  

Cornelis Joosstraat  50 km/h  area connecting road  

Doornboslaan  50 km/h  area connecting road  

Roundabout 3  

The following streets are connected to the roundabout.  
TABLE 10.9:  ROUNDABOUT 3 

 Maximum speed  Type of road  

Cornelis Joosstraat  50 km/h  area connecting road  

Tilman Suysstraat  30 km/h  residential access road  

FIGURE 10.2:  ROUNDABOUT 1 (GOOGLE,  N.D.)  

FIGURE 10.3:  ROUNDABOUT 2 (GOOGLE,  N.D.)  
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Cornelis Joosstraat  50 km/h  area connecting road  

Hendrik Berlagestraat  30 km/h  residential access road  

Roundabout 4  

The following streets are connected to the roundabout.  

TABLE 10.10:  ROUNDABOUT 4 

 Maximum speed  Type of road  

Cornelis Joosstraat  50 km/h  area connecting road  

Maasdijk  30 km/h  residential access road  

Lange Weide 30 km/h  residential access road  

Kapittelweg  50 km/h  area connecting road  

Roundabout 5  

The following streets are connected to the roundabout.  

FIGURE 10.4:  ROUNDABOUT 3 (GOOGLE,  N.D.)  

FIGURE 10.5:  ROUNDABOUT 4 (GOOGLE,  N.D.)  






















































































