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ABSTRACT 

Worldwide the road safety level in the Netherlands has been one of the highest for many 
years already. A major part of this success can be contributed to the attention to human 
factors within road design. This started in the seventies with a lot of research programs and 
has lead to the Sustainable Safety vision. Influenced by this vision Rijkswaterstaat as the 
national road authority wishes to make an important next step by making the road safety 
explicit in detail in the first part of road design. Road safety experts know from their 
experience with evaluating road design that the standard demands for design are not 
sufficient to guarantee an acceptable safety level. Too often it turns out that drafts of road 
design generate too much complication or complexity for the road users that eventually 
might lead to road accidents. The objective is to come up with concrete road safety demands 
for elements of design (e.g. curves, entrance and exit ramps). The road safety demands are 
basically in line with the road safety principles of Sustainable Safety, but used as a concrete 
implementation of these principles. For the interaction of human, road and vehicle seven 
road safety principles are used as a reference. Five of these principles focus on the human 
element and the interaction between the human and the road. These principles forces road 
designers to include the behavioural aspects that are the main influence for road safety 
within every new road design. This paper describes the process of making the road safety 
demands for road design and the results that have been collected. 

 

Introduction 

For many years human factors have been an important subject within road safety in the 
Netherlands. The Sustainable Safety vision (Wegman & Aarts 2006) is probably the most well 
known example of the attention to human factors within road design with the intention to 
improve road safety. In the seventies this has lead to many research programs about human 
factors trying to establish the requirements and restrictions of the human being within 
traffic. The attention for human factors has been an important contribution to the worldwide 
outstanding road safety level. Rijkswaterstaat is the road authority for the main 
infrastructure and therefore responsible for the design, construction, management and 
maintenance of in particularly the motorways. In order to look for further improvement in 
road safety Rijkswaterstaat is creating a new guideline for designing safe motorways. This 
guideline is a complement to the usual guidelines for designing motorways and makes the 
requirements for road safety explicit. This paper describes this upcoming guideline and 
explains the reasons for Rijkswaterstaat for developing it.   
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Safety culture 

One could argue that the high road safety level could be a reason for the Netherlands to 
limit the attention to road safety and therefore to human factors. But instead of this there 
has always been an urge to look for opportunities to improve safety. Even when accidents 
appear to be caused by road user, questions are being asked about the role of the road 
authority. For example in situations where human error played a significant role and that the 
human error was a result of unclear or misleading information presented by the road 
authority. Figure 1 shows an example of contradictory information of the roadway layout. 
Here the assigning of the lanes per direction is not corresponding and even confusing as the 
information above the road is not similar to the information that is marked on the road.  

    

Figure 1: example of contradictory information that could lead to human error. 

When a road authority is always looking for improving road safety and within that also 
considers its own contribution to human error it could be concluded that the culture for 
safety is at some high level. And while safety culture has shown to play an important part for 
the success of improving safety (Guldenmund, 2010) a road authority should look at its road 
safety with a sufficient amount of self-criticism.  

In the industry and aviation managing and improving safety is usually done by creating the 
right structure as well as creating the right culture. Rijkswaterstaat has introduced a safety 
management system similar to the industry and aviation. Within that system a safety culture 
ladder is used to define the safety culture in real life situations. Figure 2 shows the safety 
culture ladder according to Hearts and Minds. 

 

Figure 2: Safety culture ladder according to Hearts and Minds. 

The safety culture ladder is part of the Hearts and Minds method of Shell and is developed 
by Leiden University (e.g. Van der Graaf & Hudson 2002; Hudson, 2011). The ladder exists 
of 5 levels. The idea behind these levels is that every organisation can be classified in one of 
the 5 levels concerning their safety culture. The first level Pathological refers to organisations 
that have nothing with safety. Safety stands for the necessary need to follow rules and laws 
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and if it is not necessary to follow them, for example when there is a lack of enforcement 
they will not follow them. Organisations on the reactive level will only come into action after 
an incident occurs. They are so to say reactive to an incident. Safety is important to them 
but they wait until something bad has happened. On the calculative level organisations 
weigh safety against other issues like costs and traffic flow. Every action of safety needs to 
be justified in terms of costs (in money and effort) and in benefits (in safety). A lot of 
governmental organisations have to deal with safety on this level. Organisations on a 
proactive level do not wish to wait for an accident an look proactively for the risks that can 
lead to accidents. On the highest (generative) level are the organisations who put safety first 
for everything. They do not wish to argue about safety matters. Rijkswaterstaat has set their 
goal to grow from the beginning calculative level to the proactive level. The motivation for 
creating a new guideline for road safety that considers the human factor fits perfectly in this 
way of thinking as these guidelines are used to control the risks in order to prevent 
accidents. 

 

Guidelines for designing safe roads  

One of the main reasons for developing a guideline for designing safe roads that takes 
human factors into account is that fact that the infrastructure has become more and more 
complex. In the past years new concepts were introduced and the available space for road 
design has become more and more limited. At the same time Rijkswaterstaat has come 
across more conflicting interests (for example environmental issues) and an increase in 
political influence on how we make and use our roads. Lately, the market approach has 
changed due to the decision of a greater role for the market in the construction of roads. To 
make sure that the roads still live up to the desired safety level, Rijkswaterstaat has come to 
the conclusion that is a need for a guideline in which safety is described explicitly. These 
guidelines are called VOA.  VOA stands for Verkeersveiligheid Ontwerp Autosnelwegen which 
means guidelines for Designing safe Motorways. It is mainly based on Human Factors and 
can practical be used as reference for road design in a broader perspective. Therefore it can 
be you used by road-engineers/ road safety specialists and road safety auditors. Because of 
the explicit attention to road safety design and the relationship to the road user by taken 
Human Factors into account VOA can be used as a reference of how a road authority 
demands his road safety.  

The goal is to come up with one measuring rod that can be used within all plan phases so 
that the Road Safety Impact Assessment, the Road Safety Audits as well as the Road Safety 
Inspection can refer to the same principles of road safety and human factors. In figure 3 the 
concept of the VOA is shown. 

 

Figure 3: The VOA model 
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On the top there is a continuum with ‘Human’ on one side and ‘Road’ on the other side. This 
continuum describes the search for an optimal match. The picture below describes the 
relationship between Road User-Road-Vehicle by adding the seven safety principles of the 
VOA. These principles are expectation, detecting, understanding, ability, willingness, 
forgivingness and physical forces. By these safety principles the model has a direct 
relationship with the concept of Sustainable Roads. The model shows the important role 
Human Factors plays within the VOA.  Each of the seven safety principles exists of several 
indicators. These indicators are to be defined in concrete demands that can be scored. By 
doing this it becomes explicit what the consequences of a certain design are to road safety. 
Sometimes is concerns an unacceptable score of an indicator but it could also be a 
combination of indicators that score almost unacceptable which lead to a total unacceptable 
design. 

 

Human Factors 

As said Human Factors forms an important part of the VOA. The necessity to include human 
factors is a result of the many undesired situations Rijkswaterstaat has come across in 
practice. It appears that the function of the road created in the design phase does not match 
with function that is needed from a road user (human factors) perspective. Therefore the 
main goal is to formulate specific demands that refer to this road user perspective. Apart 
from formulating demands there is a need to understand human factors within road design 
and make this explicitly. In this way for all parties (for example contractor, operator, auditor) 
it becomes clear what the background is of the demands.  

However, it is not easy to include human factors within road design. This can be explained 
by pointing out two struggles of the VOA with human factors. The first struggle concerns the 
fact that almost every situation in real world is unique that makes it hard to formulate 
generic requirements. Human factors of the road user concerns the behavioural aspects that 
are build up from the complete road layout. When for example this leads to an expectation 
(as one of the seven principles) of gentle curve instead of a sharp curve this exact same 
curve can expect to cause less accidents when the right expectation was built up.  

The second struggle from human factors concerns the question for whom the road is 
designed for. There are lot of different road users and a lot of different ways of transport on 
the road. Clearly, no road is designed in such a way that is safe for everyone in every 
possible situation. This means that road designers have to make a decision about to what 
extend they should design for. Figure 4 might help with this struggle by making a difference 
between the aspects that play a role in the continuum of infrastructure and human.  

 

Figure 4: Human Factors and behaviour within road design  
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On the lowest level and closest to the infrastructure there are the aspects that are known for 
a long time within road design. Here it concerns the basic requirements for use of infra. The 
second level ads the human factor aspects as described as principles within the VOA. This 
concerns the limits of human that play a very important part in the way a road is successfully 
designed for its use. This level is about aspects like perception (detection), comprehensibility 
(understanding) and task complexity (ability). The third level concerns the behaviour aspects 
that concern the individual limits and differences and the limits of acceptance. On one hand 
it concerns aspects like age, fatigue and emotion. We know that these aspects play a certain 
role in traffic safety, but it is hard to design for these. On the other hand this lever concerns 
the limits of acceptance. This is also important but more directly related to the function of 
the road. If it is not credible from its design, then one can expect a higher probability that 
road users do not follow the rules. On the top level we there are the extreme aspect like 
drinking and driving and excessive speed. We already have decided on not to design for this 
group.  

The blue dotted line indicates to what extend the road should be designed according to the 
VOA. So, the VOA starts where the pure road design from an engineering perspective ends. 
It concerns mainly the human factors aspects within design and ends where behavioural 
aspects play a logical part of what we should design for. 
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