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Abstract

Wrong-way driving (WWD) occurs when a driver starts driving in the opposite direction
on the motorway, for instance by entering the motorway from an exit ramp or by making
a U-turn. Older drivers are overrepresented when it comes to WWD and even though
this problem is rather uncommon, it often results in severe accidents. The topic has
been researched in countries such as the US, Germany and Japan but in Sweden, the
knowledge about this phenomenon is still limited. The aim of this project was to
investigate older drivers and their information needs in road infrastructure to design
solutions that can prevent WWD. Insights from a literature review and user studies
were translated through a design process into solutions and guidelines. Cognitive and
physical capabilities of older drivers as well as common reasons behind WWD were
explored through a literature study. User studies were also conducted with the target
group. The outcome of the project was a set of guidelines for road design with a focus
on older drivers and WWD as well as 9 design concepts with different approaches to
prevent WWD such as improved signage, improved road geometry and reduced
cognitive load. The study found that WWD is a complex issue that cannot be solved in
the same way in all locations and for every situation. The study also found that older
adults generally are experienced and safe drivers. Although there are some general
tendencies of aging, there can be large individual differences. However, making
alterations such as providing clear and repeated information as well as minimising
cognitive load and time pressure could make the road infrastructure more adapted to

older drivers and thereby prevent the risk of WWD.

Keywords: older drivers, wrong-way driving, signage, road design, cognitive

ergonomics, human factors, industrial design
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Word list

C1-sign: A “No entry”-sign (A picture of the sign can be seen in Figure 24).
Information system: Elements, road signs and directions.

Motorways: A collective term including motorways, highways and other types of roads

with separate roadways.
Trafikverket: The Swedish Transport Administration.
WWD: Wrong-way driving. (See more in Chapter 4)

WW-driver: Wrong-way-driver.
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Introduction

1.1 Background

Wrong-way driving is a seldom, but dangerous type of traffic occurrence caused by
driving a vehicle against the direction of traffic on roads with separated roadways
(Remming, 2003). This problem becomes increasingly urgent as the motorway net is
developing both in Sweden and other countries all over the world. Even though serious
accidents caused by WWD are uncommon, the risk of serious injury or death is
relatively high compared to other accidents in road traffic (Remming, 2003). The
phenomenon of WWD have been researched in countries such as Germany, Japan

and the US, but in Sweden it is a quite new topic of investigation.

Apart from making a U-turn on the motorway or confusing entrance ramps with exit
ramps, WWD can also occur at one-way roads, exits from rest areas or parts of a road
where lanes are being added or removed, e.g. 2+1 roads (Remming, 2003). The
reasons behind WWD driving are many and they usually appear simultaneously —
some of them depend on infrastructure and weather conditions while other on the
drivers themselves. Confusion, unclear signage and drunk driving are one of the most

common reasons why WWD is happening (Sgrensen, n.d.).

Despite that older drivers are overrepresented when it comes to wrong-way driving,
studies have shown that older drivers only have a slightly increased risk of being
involved in traffic accidents in general (Helmers et al., 2004). According to (Helmers et
al., 2004), this might partly be due to driving adjustments made by the older drivers to
compensate for their changed abilities. For instance, many older drivers tend to avoid

driving at night or in stressful situations (Selander & Sandin, 2021). Older drivers are

1
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generally also experienced and tend to have more of a “safety mindset” compared to
younger drivers by for instance not driving above speed limits (Selander & Sandin,
2021).

Due to an aging population in Sweden, there is an increased number of older drivers
(Selander & Sandin, 2021). The authors also mention that driving can be of big
importance for older adults when it comes to mobility and independence as well as to
be able to socialize and perform daily tasks such as grocery shopping (Selander &
Sandin, 2021). Adjusting road infrastructure for older drivers, such as re-designing
entrance and exit ramps of motorways to avoid WWD is thereby important for an

inclusive society.

Avoiding serious traffic accidents, for instance from WWD, is also important for “Vision
zero” (“Nollvisionen” in Swedish), a vision admitted by the Swedish parliament in 1997
with the goal to completely eliminate deaths or serious injuries within the Swedish road
transport system (Trafikverket, 2024). Although all road users have a mutual
responsibility to drive safely, the stakeholders responsible for designing, building and
maintaining Swedish road infrastructure, such as The Swedish Transport
Administration, have the ultimate responsibility for traffic safety in the entire system
(Trafikverket, 2024). Designing road infrastructure to avoid WWD is therefore one part

that can help fulfil “Vision zero”.

In this project, current public road infrastructure (both in Sweden and in other countries)
with a focus on motorway interchanges, was studied. Furthermore, reasons behind
WWD were analysed along with older drivers’ perception of road elements such as
signage, road markings and general road geometry. Parts of roads in Sweden where
WWD occurs or are more likely to occur was analysed with a perspective of interaction
between drivers and road infrastructure. The understanding of WWD and older drivers

needs was the basis for generation of design concepts and guidelines.
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1.2 Aim and Objectives

The aim of this thesis work is to develop solutions that can prevent wrong-way driving

on Swedish roads with a special recognition of older drivers’ information needs.

The goal with this project is to develop several design concepts, both within and outside
current public road regulations, that can prevent wrong-way driving. In addition,
research findings from literature and user studies will be formulated as a set of design
guidelines containing general recommendations about how road infrastructure should
be developed to accommodate older drivers’ information needs and prevent wrong-

way driving.

1.3 Research Questions

Following questions will be answered in order to address the problem described in the

project aim:

e What are the needs of older drivers regarding their driving habits and cognitive
abilities in the traffic environment?

e How are the decisions made by older drivers impacted by the road
infrastructure, signage, surroundings, other road users and weather
conditions?

e How are current roads, with a focus on parts interacting with the road user,
designed?

e What could be the course of events for WWD?

e How can roads be designed to prevent WWD?
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1.4 Limitations

Due to the limited time and resources, following aspects on this topic will be excluded

from the project scope:

e Analysing the consequences of the WWD phenomenon for the road safety
and traffic flow efficiency.

e Construction and technical parameters of roadway elements below the surface
course.

e Car construction and technical parameters and their effect on road safety.

e WWD caused by use of drugs or alcohol.

e Roads with allowed speed lower than 80 km/h (except from motorways in
urban areas where allowed speed may be lower than 80 km/h).

e Roads that are outside The Swedish Transport Administration’s jurisdiction

e.g. one-way roads in cities, private roads or service roads.

1.5 Target Group — Older Adults

In this study, the group in focus was older adults and older drivers. The important
aspect is not a specific age but rather it is a general description of individuals who are

affected by aging in such a way that it is affecting their driving habits and abilities.

1.6 Sustainability and Ethics

In this section, both the sustainability and ethical aspects of the project will be
presented, followed by how the project can be related to UN Sustainable Development

Goals.

1.6.1 Sustainability Concerns

Construction and usage of motorways might be seen as problematic from the
environmental point of view due to several reasons: land use, excessive noise
pollution, poor air quality, emissions related to concrete and steel used in construction
and creating barriers for wildlife and people (Vijayakumar et al., 2024). Motorways can
also lead to increased traffic of fossil private transportation and compete with railways

when it comes to freight operations, especially on so-called “last mile”.
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On the other hand, sustainable road infrastructure can be significant for developing the
country’s economy allowing people to transport labour and goods which can possibly
contribute to reducing poverty and providing better life-quality (Vijayakumar et al.,
2024). Motorways allow people to find employment in other cities, to commute and to

access public services.

1.6.2 Ethics

An important ethical aspect related to the user group is how to accommodate the needs
of older adults that might conflict with the needs of other car drivers. Designing public
infrastructure is about being able to compromise different needs in order to develop
safe, accessible and high-quality spaces and services. However, even if the focus of
this project is to study and answer the older driver’s information needs the question if
the designed solutions will be well-balanced and prevent WWD among other car

drivers will remain relevant.

There are also ethical concerns related to the design process itself, especially when it
comes to user studies. Participants of such studies should be informed about the goals
and extent of the study as well as how and in which matter the data will be used.
Ethicality of a user study can be guaranteed by e.g. agreements where the participants
will confirm that they are willing to participate in the project and that they are conscious
about the subject of the study. A specific aspect related to recruiting older adults to the
user studies is to ensure that they understand how their data is analysed, especially if
its saved and used in digital forms. It is also important to ensure them that data is
anonymised and will not be shared with any other third parties, which means that there
is no risk of their driving license being revoked due to the answers they could give

during the study.
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1.6.3 UN Sustainable Development Goals

Improving and sustaining motorways can fit into UN 2030 Agenda that focuses on
preventing negative effects of climate change and increasing life quality for all people
using resources within the planetary boundaries. There are two UN Sustainable

Development Goals related to this project (See Figure 1).

GOOD HEALTH 1 REDUCED
AND WELL-BEING INEQUALITIES

A

| ()

v

Figure 1 UN Sustainable Development Goals 3 and 10

Goal 3

Preventing injuries and deaths related to road traffic accidents is one of the targets of
Goal 3: Good health and well-being. The aim of this project is to prevent accidents
caused by WWD and to make road infrastructure safer for older drivers by adjusting it

to their cognitive needs.
Goal 10

Increasing accessibility for people with different needs and preventing isolation of older
adults is included in Goal 10: Reduced inequalities. As society is getting older,
including older adults to the labour market or providing an equal access to public
services is getting more challenging. One of the solutions is to improve accessibility of
the transportation sector by e.g. adjusting the road infrastructure to the older adults’

needs.
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Process, procedure

and methods

The procedure as well as the used methods with their general definitions will be
described in this chapter in order to illustrate how the process was carried out

chronologically.

2.1 General Process Description

This project was carried out in three different main phases: Problem understanding,
Idea creation and Concept finalisation. The focus of the first phase was to gain an
understanding of the problem and situation while the second and third focused on
designing solutions. Different phases were generally carried out in chronological order,
however, the work was iterative and some steps in the different phases overlapped. A
visualisation of the process of the project can be seen in Figure 2. The outcome of the
project was a set of guidelines for road design with focus on older drivers and WWD

as well as 9 final concepts for road infrastructure to prevent WWD.

Concept development
Evaluation

Visualisation

> Design phase
Problem understanding phase

Figure 2 Visualisation of the process of the project.
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2.2 Problem Understanding Phase

The purpose of the Problem understanding phase was to gain an understanding of
older drivers, WWD and road infrastructure. In this phase, information was gathered
from literature search, data and literature provided by The Swedish Transport
Administration and through user studies. Findings and useful citations from the
literature studies were gathered in one document and categorised which gave the
basis for the analysis made in this report. In addition, a systems analysis, a function

analysis and a list of requirements was made.

2.2.1 Literature Search

Literature was gathered in three different areas: older adults and cognitive ergonomics,
WWD and road infrastructure. While reading literature, relevant information was

annotated.
Literature on older adults and cognitive ergonomics:

The purpose of researching older adults and cognitive ergonomics was to get an
understanding of effects of aging as well as older drivers and their interaction with road

infrastructure.

e Searching for academic papers and government reports were made using
Google Scholar and Chalmers Library. All digital and physical material that
could be useful for the study was gathered in Mendeley Reference Manager.

LL 11 tL 11 ” o«

e Search words: “older adults”, “elderly”, “seniors”, “cognitive aging” and

“geriatrics” alone or in different combinations with “cognitive ergonomics”,

L 11 ” o« LN TH

“cognitive tunnelling”, “design”, “distractibility”, “information processing” and

‘ergonomics”.
Literature on WWD:

The purpose of researching WWD was to get an understanding of WWD, the reasons

behind it and existing preventative measures.

e Academic reports and government reports were searched using Google
Scholar, Ecosia and Chalmers Library and then gathered in Mendeley
Reference Manager.

e Search words: "wrong way driving” and “wrong-way driving in Europe”.

8
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Literature on road infrastructure:

The purpose of researching road infrastructure was to get an understanding of how it
is structured. Also to know what parts could be altered with the upcoming design

solutions.

e Literature was searched using Google, Ecosia, the Swedish Government’s
website, the European Commission’s website and Transportstyrelsen’s
website and then gathered in Mendeley Reference Manager.

e Search words: “riktlinjer vagutformning” (eng. road design guidelines),
“regelverk placering vagmarken” (eng. regulations, placement of road signs),
"vagmarken” (eng. road signs), “vagtyper i Sverige” (eng. types of roads in

Sweden) and “types of traffic junction”.

2.2.2 User Studies

The purpose of the user studies was to study driving habits, driving characteristics of
older adults and their understanding of road infrastructure which would help build an
understanding of challenges older drivers need to face. Additionally, the user studies
aimed at getting a Swedish perspective of older drivers and WWD since the literature

research showed that there is a lack of studies and data on this topic in Sweden.

The user studies were conducted in two parts: a digital survey which was mostly
quantitative and interviews which were qualitative. Two semi-structured group

interviews, one longer and one shorter, were held as a part of the qualitative study.

A semi-structured interview is a qualitative method and is organised by topics and
sometimes questions in an interview guide but is flexible in how the questions are
asked and the order of the topics as well as allows for adding of spontaneous topics.
This type of interview can be shaped dependent on the respondent and their answers
(S.Lewis-Beck et al., 2004).

Target group for the user study:

The participants of the user studies consisted of older adults, around 65 years or older,
that have had a current experience of driving a vehicle both regularly and more
occasionally. They preferably live in smaller cities and villages of south-western

Sweden which would allow an easy access to the participants if they would agree on
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taking part in the interviews in person. To target the older adults that have the relevant
driving experience an assumption was made that there are more older adults outside
of big cities, who are regularly driving since there are often less public transport
available and often longer distances to travel. Also, since the project focused on
motorway driving, an assumption was made that living close to a motorway makes it
more likely to use that type of road more regularly compared to living far away from a

motorway. Locations adjacent to Gothenburg were selected to simplify studies on site.
Recruitment via e-mail:

Mainly local branches of the associations SPF Seniorerna and Pensionédrernas
riksorganisation (PRO) in regions of Halland and Vastra Gotaland were contacted
since they are general senior associations with many members and therefore had

potential of reaching out to many older drivers.

20 associations were contacted by e-mail regarding handing out the survey to their

members. Out of those, 4 responded but none of them were interested.

15 associations were also contacted by e-email with goal to invite their members to

participate in the qualitative study. None of them responded.
Recruitment via phone calls:

5 out of the 20 associations were also contacted by phone and 2 out of those agreed
to forward the survey to their members by e-mail (in total around 550 individuals were

supposed to have been reached by the survey).

1 of the associations was also contacted by phone and invited to the qualitative study

but was not interested in participating.
Recruitment via social media:

A copy of the online survey was also sent out in a private Swedish Facebook group for
people born during the 1940s and 50s. The Facebook group had around 72700

members.

10
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Spontaneous recruitment on site:

Final recruitment was made at Traffpunkten Simonsland, a place where senior
associations organise their activities and where many older adults in Boras spend their
free time. Guests of cafeteria at Traffpunkten were invited to participate in study the
same day and if they could not attend, they were asked to fill in the questionnaire

instead.
Participants of the study:

The number of participants for each part of the study, along with the distribution of

gender and age (in those cases the age was known) can be seen in Table 1.

Table 1 Participants of the study as well as distribution of age and gender.

Nr. of Men/Women | Age of participants

participants

Survey (senior associations)

Survey (Facebook)

Long group interview

Short group interview

Mediating objects:

One of the prerequisites for the study was to give the participants an opportunity to
understand the topic and share their opinions about different parts of road
infrastructure without putting their safety and comfort out for risks. Therefore,
conducting the study while driving a car was not possible, and usage of different
mediating objects was necessary. In order to spark the discussions and give an
impression of interacting with real road elements following objects were used in the

qualitative study:

e Pictures of road signs used on motorways and junctions.
e Pictures of different navigation tools.

e Maps of motorway junctions both in rural and urban areas.

11
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Pilot interview:

A pilot test of the group interview was held prior to the actual interview with two design
students. During the pilot test, the procedure of the interview as well as the formulation
of questions were tested to see if the questions were interpreted as intended and if
additional guiding questions or background information was needed. The participants
of the pilot study were aware of the purpose of the pilot test and could therefore give

feedback on its procedure. The pilot test was held in Swedish.

After the pilot interview, the question about different driving habits was improved with
different examples of how these habits might have changed over the years. That
improvement was made in order to make it easier for the potential participants to come
up with different ideas. The question about preparations before longer trips was
expanded since participants in the pilot interview perceived it as interesting for the
target group.

Some improvement was also made regarding the mediating object: some pictures of
navigation tools were replaced since they did not represent a GPS or a navigating
passenger good enough. All pictures also got assigned a number so the participants

in future studies could refer to them in discussions more easily.
Procedure of the group interviews:

The group interviews were held at two different meeting points for seniors. Both
interviews were held in Swedish. The longer group interview lasted approximately 45
minutes, and the shorter group interview lasted approximately 10 minutes. The longer
group interview touched the topics: driving habits, changes of the traffic environment
during their time as drivers, challenges, trips and navigation, different parts of the road
infrastructure and WWD. The interview guide can be seen in Appendix A. For the
shorter group interview, no specific questions were asked, but different topics were
introduced based on the interview guide. The topics were as follows: trips and
navigation, WWD and changes of the traffic environment during their time as drivers.
The shorter group interview was more unstructured to allow for conversation between

respondents rather than steering them with specific questions.

12



Andersson & Mielcarek Chalmers University of Technology

Analysis:

Notes from interviews as well as survey responses were analysed with the help of a
KJ-analysis to find patterns and themes regarding older drivers’ experiences and

opinions.

A KJ-analysis is a method for analysing and grouping data from User studies or
ideation sessions. The KJ-analysis is designed to challenge pre-set ideas or
assumptions and to find meaning and patterns in unstructured data (Cuba
Czubajewski, 2023).

This method was selected for analysing the data since the user studies mainly were
qualitative and subjective with few objectively measurable data. Although an interview
guide was used during the interviews, answers from respondents could differ and

additional questions could be asked dependent on responses during the interview.

First, quotes were written on post it-notes and different colours were used for quotes
from the different interviews and the survey. Then the post it-notes were one by one
grouped together by trying to find relationships between them and some re-
arrangement of the groups and division into main- and sub-groups was made. Lastly,
the groups were defined into themes. The main themes were covering navigation,
challenges for older drivers, driving behaviour of older drivers and external factors.
Since the KJ-analysis is designed to challenge assumptions no categories or themes

were decided in advance. The analysis can be seen in
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Appendix B.

2.2.3 Analysis of Gathered Information

The information gathered from literature was summarised and categorised in a mind
map in the software Figma into the main categories Older adults, Older drivers, WWD,
Existing measures against WWD, Types of roads and Laws and regulations. In

addition, findings from the user studies were added to the mind map.

The information was also summarised and categorised in a document into the main
categories WWD, Existing measures against WWD and Older drivers and cognitive
ergonomics. Based on the summary, conclusions were also made. These conclusions
also helped the forming of the final guidelines. After the structuring in the document,

also some re-arrangements were made and conclusions added in the mind map.

2.2.4 Function Analysis

To get an understanding of the purpose of different road elements within the road

infrastructure, a function analysis was made.

A function analysis is a tool that can be used to understand the purpose of different
products and services. Each function is described by a verb and a noun and then
classified depending on type of function and on how important the function for a

given product is (Johannesson et al., 2004).

The road elements that got identified in the system analysis such as road signs, ramps
or crossroads were objects for the function analysis. The role of these elements in
guiding the road users or maintaining functionality of the road infrastructure was
analysed. Another purpose of conducting the function analysis was to link the literature
findings as well as laws and regulations with the topic of the project. The identified

functions also helped form requirements for the list of requirements.

Each road element of the analysis was analysed in a separate table with the following

information (see Table 2):

Table 2 Information contained in the function analysis.

Function Measurable limits Class: Priority:
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Main function (MF) Necessary (N)

Part function (PF) Desirable (D)

Side function (SF) Worth considering (W)

Unnecessary (U)

Function 1 Limit 1 MF N

Function 2 Limit 2 PF D

In this project, the measurable limits could be for instance existing regulations or usage
of a certain road element. When it comes to the classification of functions, the main
functions were central for the road element’s functionality, the part functions were
supporting the main functions, and side functions were extra functions that improved

the functionality of the road element.
After the analysis was made, defined functions were labelled with:

e An important function, but the design of the road element could be changed.
e Important function to prevent WWD.

e No label.

The labels were used to identify important aspects to include when designing solutions

as well as to identify which parts of the road infrastructure had improvement potential.

2.2.5 Systems Analysis

To get an understanding of the road infrastructure system and factors affecting the
older driver, a systems analysis was made by creating a systems model. The systems
model will also be used in this report to visualise important aspects of older drivers, the

road infrastructure and the complexity of the research area.

A systems model is a way of describing relationships between different elements and
its environment. A system has a boundary that defines what is a part of the system
as well what is not. Elements in a system can be seen as systems of their own, so-

called sub-systems (Flood & Carson, 1993).

Figure 3 shows an example of a systems model.
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Figure 3 An example of a systems model.
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In the systems model, the motorway and surrounding areas was analysed containing
the sub-systems surroundings, road infrastructure, the vehicle, the older driver and
other road users.

2.2.6 List of Requirements

Based on the gathered information and analysis, a list of requirements was created as

a basis for concept development as well as for evaluation of concepts.

A list of requirements is a tool that allows to translate findings from information
gathering into measurable decisions that set boundaries for solutions that will be

developed in a later state.

The list of requirements was divided into different categories (cognitive, general,
maintenance, older drivers, physical and sustainability) based on their purpose and
origin. These categories were used to sort the requirements, to simplify navigation

through the list and to make sure that important aspects were covered.

The list contained the following information: category, description of requirement, level
of priority (desirable or necessary) and possible comments. Requirements that are
fundamental for the functionality of a product were classified as necessary, while the
other ones that contribute to additional user value were described as desirable. An

example of information in the list can be seen in in Table 3.
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Table 3 Structure of the list of requirements.

Category Description of Desirable (D) / Comments
requirement Necessary (N)

Category A Requirement 1 D Comment

Category A Requirement 2 N

Category B Requirement 3 N Comment

The project aimed to develop different types of solutions, covering different parts of the
road infrastructure. Therefore, not all requirements could be applicable to all solutions
which had to be considered during the evaluation of the concepts at the end of the
project. For instance, a requirement regarding colour contrast for visibility is not

relevant for a solution that is not designed to be seen by the driver.

2.3 Idea and Concept Creation Phase

The purpose of the Idea and concept creation phase was to explore a wide set of
possible solutions and to develop a limited number of concepts that could be further
developed in the upcoming phase. In this phase of the project, ideation and evaluation
of ideas was made in several iterations. Some of the ideas were selected for further
development into concepts. A visualisation of the selection process can be seen in
Figure 4. The ideation phase partly overlapped with the problem understanding phase.
Therefore, some additional gathering of information and data was made to be able to

investigate some of the ideas even further.
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Figure 4 Visualisation of the idea and concept selection process.

2.3.1 Procedure of Ideation

Ideation was made in several sessions where each session had a different focus
(different design strategies/methods, purposes and types of solutions). Some
examples of the focus areas are clarifying direction of traffic, new geometric design of
interchanges, ideas based on design strategies for behaviour change and calling
attention of distracted drivers. The procedure of ideating based on different focus areas
was selected to be able to tackle the complexity of WWD and to explore a wider range

of potential solutions that could be applied on different parts of road infrastructure.

Different ideation methods were used, but all sessions started with setting a certain
theme and ended with a presentation of ideas followed by a discussion regarding
potential, possible improvements or new ideas. Mostly, Brainstorming was used, but

also Crazy 8’s and open discussions.

Brainstorming is an ideation method where quantity is more important than quality. It

starts with defining a theme or a question that the session should focus on, then the

participants sketch or write down ideas individually on a paper. After a set time, the
ideas are presented and discussed (Wikberg Nilsson et al., 2015). Crazy 8’s is an
ideation method for quickly creating ideas. It starts with creating a grid with eight
squares on a paper. The participants then sketch one idea in each square during

eight minutes (Design Sprints, n.d.).
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For one of the sessions, regarding geometric design of interchanges, different digital
parts of roads were used to create collages to produce new geometric interchange

designs. The notes and sketches were photographed and collected in Figma.

After the ideation sessions, the ideas were discussed and 30 ideas were selected.
Their benefits/potential as well as disadvantages/challenges regarding how well they
addressed the needs of older drivers and the technical aspects of installation and

maintenance were listed for each idea.

2.3.2 Procedure of Concept Creation

During the conceptualisation phase, the 30 ideas from the ideation phase were
developed further into concepts. Some of these ideas were combined, and some of
them were split into more concepts. A total of 34 concepts were developed in this

phase of the project.

Each concept was then evaluated based on how well it fulfilled eight different criteria
(see Table 4) and additional comments were made in an evaluation matrix (see
Appendix C). Fulfilled criteria received “+1”, non-fulfilled criteria “-1” and criteria not
relevant to the solution scored “0”. The criteria were selected to cover important
aspects of preventing WWD and of older drivers’ information needs in road
infrastructure as well as solutions in relation to other parts of the system since these
are central aspects of the project. In addition, a criterion regarding innovativeness was

added to ensure the solutions would bring something new to the area of WWD.

Table 4 Evaluation criteria and their descriptions.

Criteria Description Motivation

Clarity How clear and understandable is the | Clarity of information is important for older
information? drivers to be able to understand the
information/usage of the solution and thereby

reduce cognitive load.

Visibility How easy is it to see the solution? Solutions with good visibility can easily be
(E.g. font size, contrasts etc.) spotted and read (for signage) by older
drivers.

(Note: not all solutions are meant to

be visible by drivers)
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Is the solution guiding the driver in an

effective way?

Solutions with clear guidance can help

minimise confusion.

Does the solution contain elements

that attract attention of the driver?

(Note: not all solutions are meant to

attract attention of the driver)

A solution that attracts attention can alert
drivers who are not observant or make it
easier to spot important information in a

complex environment.

Resources (time, money and space)

required to implement the solution.

Solutions that involve major changes or
require much space or resources can be
difficult to implement, especially in a near
future.

Is it possible to maintain the
solution? What is the potential
product life cycle?

A solution that requires much maintenance
or has a short life cycle could be non-
effective if implemented in many places.

How is the solution harmonising with

other road elements?

It is important to view the solution in the
context of the entire road environment since

it should work as a part of a system.

Is the solution groundbreaking?

A new solution in the context of WWD can

provide a new perspective.

The concepts were then categorised into groups based on the type of solution
(Improved navigation, Avoiding wrong turns, Reminding about the direction of traffic
and Minimise risk of accidents after WWD). Concepts with a score of five or higher
were marked (in total 11 concepts). Six of these concepts were not considered to have
further potential for improvements and were therefore not prioritised. In addition to the
five concepts with the highest scores, six other concepts were selected for further
development. These were selected due to having potential for improvement even
though they did not score the highest in their current state (partly since some of the
criteria was not applicable to the solutions), but also to enable for a variety of different
types of solutions in the final phase of the project. In total, 11 concepts were selected

for further development.
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2.4 Concept Finalisation Phase

The purpose of the Concept finalisation phase was to develop and evaluate a limited
number of concepts from the previous phase in more detail. The goal was to develop
the concepts with clear visualisations and descriptions so that their potential effects on
preventing WWD could be assessed. A meeting with a traffic engineer was also
arranged during the development of the concepts. After the concepts were finalised,
they were evaluated with expert panel, target group and against the requirements list.
Suggestions for further improvement was made based on the evaluation carried out in

later stages of the project.

2.4.1 Concept Development

The concepts were developed by considering different design aspects depending on
the type of solution. These included factors such as colour, shape, pattern, materials,

size, and placement.

Existing rules and guidelines based on the findings from the research study were used
to improve the concepts regarding their coherence with other road elements and
adaptation to the older drivers’ needs. For instance, sizing of text on signage as well

as the sizes of signage was made based on Swedish regulations.

During the phase, some of the 11 concepts were divided into several concepts, some
were combined to utilise strengths from different concepts in the best way. One of the
concepts were removed since it was not considered to provide any possible

improvement in the road environment. In total, 9 final concepts were developed.

2.4.2 Meeting with a Traffic Engineer

A meeting with a traffic engineer was arranged to get insights and feedback regarding
the concepts from an expert within road infrastructure. The traffic engineer provided a
different view on the concepts, and the feedback could be used to further develop the

concepts in more detail to better be applicable in practice.

Procedure
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A digital meeting was arranged for a duration of approximately one hour. The meeting
began with an introduction to the project and goal with the meeting, During the meeting,
descriptions and visualisations of the concepts were presented one by one. Some
considerations regarding the concepts were discussed and the traffic engineer was
encouraged to comment and give feedback from a traffic engineer’s point of view.

During the meeting, relevant comments were annotated.

2.4.3 Evaluation of Concepts

Evaluation of concepts was made to get an idea of expected effects, investigate
advantages and possible improvements as well as to ensure that the concepts fulfilled
the complete list of requirements. Theoretical evaluation with a panel of experts was
made to support the evaluation with expertise from different academic fields. An
interview with an older driver was also conducted to control whether the solutions were
understandable for target group and if the design choices that was taken resulted in
better visibility och perception of the road elements. Finally, a list of requirements was
used to control some technical issues of the concepts such as their sustainability,
resilience to the weather conditions or their coherence with other road elements. More

details about each type of evaluations are presented below.

2.4.3.1 Evaluation with Panel of Experts

The purpose of the evaluation panel with experts was to get insights from experts within
different relevant fields outside of the project (Table 5). A meeting with all experts was
arranged on one occasion with the duration of approximately 45 minutes. This type of
meeting was selected for the expert to be able to build on each other’s reasoning and
for them to be able to discuss the concepts together. Two of the experts participated

on site and one expert participated through an online meeting.

Table 5 Participants of the expert panel and their area of expertise.

General field

GETRC LRI Cognitive ergonomics
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GEGE A Design & Human Factors

ETRH LI Road infrastructure

Procedure

A digital presentation was prepared where each of the 9 concepts, including different
alternatives of the concepts, was presented with descriptions and visualisations one
by one. A representation of two traffic interchanges where the concepts were placed
was also printed out on paper and placed on the table visible for the participants on
site (see Figure 5). In addition, all visualisations were printed out on paper for the
participants to be able to watch them more closely and to be able to view different

concepts at the same time.

Figure 5 Setup for evaluation meeting with a map and pictures of concepts.

The evaluation was held in English and started with a short introduction to the project
and the goal with the evaluation panel. Then some important aspects for older drivers
and WWD was presented. The experts were also provided with three general

questions to consider during the evaluation:

e How the concepts work together with other road users and other parts of the
road infrastructure.

e Implementation and construction of the concepts.

e Their perspective on how older drivers will interact and be affected by the

concepts.

23



Andersson & Mielcarek Chalmers University of Technology

Each concept was presented one by one and the participants were invited to share
their thoughts and ideas after each concept was presented. Some guiding questions
were asked to spark conversation and for concepts with different concept alternatives,

the participants were asked to compare the different alternatives.

During the meeting, relevant comments were annotated and tagged with the respective
participant. As a backup, the meeting was audio recorded to enable review of certain

parts of the meeting afterwards.

During the meeting, six out of the nine concepts were evaluated. During the
development of the concepts as well as during the meeting with the traffic engineer,
the remaining three concepts were considered to have less assumed positive effects
compared to the other concepts and where therefore not prioritised during the meeting.
Which concepts that were evaluated or not by the expert panel can be seen in Chapter
9.

2.4.3.2 Evaluation with an Older Driver

The purpose of the evaluation with the older driver was to get insights on the concepts
from the target group of the project. An interview with an older driver was scheduled
on site with the duration of approximately 45 minutes. The format of a qualitative
interview was selected to get deeper insights compared to for instance through survey

responses.
Participant
The participant of the interview was a female older driver from an urban area.
Procedure

The procedure of the interview was the same as for the expert panel meeting.
However, the interview was held in Swedish. The digital presentation was not shown
to the participant, but the same printed map and visualisations were used, and the
structure of the digital presentation was used as an interview guide. During the
interview, relevant comments were annotated and for backup, the meeting was audio

recorded.

For the interview, all the 9 concepts were presented and evaluated by the participant.
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2.4.3.3 Analysis of Expert Panel and Interview with the Older Driver

The expert panel meeting as well as the interview with the older driver was analysed
with the help of a KJ-analysis. Comments regarding each concept was grouped
together. Comments from the different evaluations were separated with post it-notes
in different colours. For each concept, comments were categorised and summarised
to see possible positive and negative aspects of each concept. In addition, suggestions
on choice of concept alternatives and future improvements were made for each

concept based on the evaluation.

2.4.3.4 Evaluation with List of Requirements

An evaluation based on the list of requirements was made to get a more objective and
coherent evaluation of the concepts compared to the evaluations with the expert panel

and the older driver.

Procedure

Each concept was evaluated individually to see if the requirements was fulfilled or not
by the concept. Since all requirements are not applicable to all concepts (see
explanation in Section 2.2.6), relevant requirements were selected. In cases were
different concept alternatives differed from each other, additional comments were
made to describe how they differed from each other. Afterwards, summaries and

comments on possible improvements for each concept were made.
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Description of road
infrastructure and
driver system

This chapter explains the structure of how the findings from the literature study and
user studies will be presented. Using the system model as the framework (Figure 6), it
explains how findings about road infrastructure, an older driver and a vehicle interact

with each other and contribute to complexity of WWD phenomenon.

! |

- ¢ Laws and . .
Traffic rules 4— Administration

Motorway and close
by areas

Road
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«
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Figure 6 Systems model of the motorway and close by areas.
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Wrong-way
driving

In this chapter different types of WWD will be presented along with the reasons behind
them. Finally, a selection of different measures against WWD used in different parts of

the world will be analysed.

4.1 Different Types of Wrong-way Driving

WWD can occur in different ways and in different places. The most common types of
WWD happens when a driver enters a motorway on an exit ramp instead of an
entrance ramp or when a driver makes a U-turn on the motorway (Holgaard & Mgller,
2020). Different studies made in different countries indicate different amounts of these
types of WWD, but around 30-40% off WWD seems to be related to exit ramps and a
similar amount to U-turns on motorways (Larsen & Carstensen, 2011),
(Unfallforschung der Versicherer, 2023). WWD can also happen in connection to road
works or rest areas on motorways (Holgaard & Mgller, 2020). In rare cases, WWD
have also occurred from turning left onto a motorway from an entrance ramp or due to

reversals on the motorway (Larsen & Carstensen, 2011).
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4.1.1 Entering the Motorway from an Exit Ramp

Different types of interchanges and designs of ramps seem to be more or less
vulnerable to inaccurate driving resulting in WWD. In a study from lllinois were known
as well as estimated entry points for WWD were summarised, two types of
interchanges were especially common: compressed diamond and diamond
interchanges (Zhou et al., 2015). Continuing, also partial cloverleaf interchanges were
quite common while full cloverleaf seemed to be one of the safest types of
interchanges. Descriptions of some standardised interchanges can be seen in Section
5.2.

4.1.2 U-turns on Motorways

In some cases, U-turns on motorways occur when a driver misses an exit and turns
back (Nihei et al., 2022). In other cases, drivers made U-turns to avoid paying for
driving on motorways and a few happened when drivers lost control of their vehicles
that began to spin and then they started driving against traffic (Larsen & Carstensen,
2011).

4.2 Reasons Behind Wrong-way Driving

Accidents caused by wrong-way driving lead to serious consequences but
investigating the reasons behind them is challenging due to difficulties with gathering
the data. According to the studies done in US only 10% of witnesses to WWD report
the event to the authorities (Holgaard & Mgller, 2020). Reports coming from the drivers
that caused WWD are also limited because they must both survive and remember the
course of events (Holgaard & Mgller, 2020). It is usually very difficult to determine
where the driver made the wrong turn which is a very important gap in the
investigations of WWD (Ruer et al., 2015). However, the research study shows that
there are some factors that lead to the wrong decisions being taken by the drivers
involved in WWD.
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4.2.1 Distractions

Being distracted can impact perception of the surroundings and confuse the driver
(Sagberg, 2003). Distractions can occur while listening to radio (Holgaard & Mgller,

2020) but also when a driver tries to find the way in an unfamiliar area.

Providing better navigation but also recognising possible mistakes and scanning the
surroundings can be done by a passenger. In majority of cases, the drivers that caused
WWD were alone in the car (Holgaard & Mgller, 2020; Kemel, 2015; Zhou et al., 2015).

4.2.2 Road Geometry

Interchanges are parts of the road system where many cases of WWD begin. A poor
overview of the traffic situation can confuse the driver and make it difficult to see where
to drive and to plan the driving in advance (European Commission, n.d.). The geometry
of a road can also suggest to the driver a possible decision to take. A soft turn from an
exit ramp can be perceived as inviting and lure the driver onto the wrong path
(Holgaard & Mgller, 2020; Larsen & Carstensen, 2011).

As it was mentioned in Section 4.1.1, WWD tend to happen more frequently on partial
cloverleaf and diamond types of interchanges (see Section 5.2 for more detailed
description of different types of interchanges). The main reason for that is the relatively
close placement of exit and entrance ramps, which can lead to additional confusion
(Holgaard & Mgller, 2020; Segrensen, 2016). According to statistics, the lowest risk for

WWD occurs on full cloverleaf interchanges (Serensen, 2016).

Intersections between the secondary road and exit/entrance ramps are the specific
part of interchanges where many cases of WWD have begun (Figure 7). These can be
designed as both traditional intersections with or without traffic lights and roundabouts.
Roundabouts are generally perceived as the safest way of intersecting different traffic
flows, but they can also confuse the drivers and lead to wrong turns (Larsen &
Carstensen, 2011; Sagberg, 2003). More complex interchanges, usually in urban
areas, that contain many connecting roads, several lanes, traffic lights and different
modes of traffic can also increase the risk for WWD (Sgrensen, 2016). In both cases,
poor geometric design of roads and misleading soft turns can contribute to additional
confusion (Zhou et al., 2015).
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Figure 7 Examples of intersections around an interchange.

4.2.3 Sighage

Road signs are one of the main parts of visual communication in road infrastructure
and are an important measure in understanding and preventing WWD. Bad condition,
poor visibility, lack of information, too high or too low number of signs and wrong size
are factors that can contribute to WWD (Holgaard & Mgller, 2020; Nihei et al., 2022;

Sagberg, 2003).

Effectivity of road signs also depend on how often and how thoroughly the driver scans
its surroundings. Confident drivers that are familiar with the surroundings tend to scan
the environment briefly and less vertically (Nihei et al., 2022). Less careful scanning

can lead to overlooking signage and therefore driving incorrectly.

4.2.4 External Conditions

There are also other external factors that can lead to WWD such as traffic congestion,
weather conditions, season and time of the day. Driving a car during rush hours is
generally perceived as stressful and demanding but it allows a driver to follow other
cars and avoid WWD (Holgaard & Mgaller, 2020). The amount of traffic and complexity
of road infrastructure is higher in urban areas which requires more mental resources
and leads to higher risk for accidents caused by WWD than in rural areas (Holgaard &
Mgller, 2020; Zhou et al., 2015).

In general, bad weather conditions seem not to contribute much to WWD (Zhou et al.,
2015) because it requires drivers to drive more carefully and adjust speed to the road
conditions (Holgaard & Mgller, 2020). On the other hand, bad weather conditions and
darkness can decrease visibility and cause confusion (Sagberg, 2003). Along with
tiredness and driving under influence it explains why WWD are more likely to occur at
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night (Holgaard & Mpgller, 2020; Kemel, 2015; Larsen & Carstensen, 2011;
Unfallforschung der Versicherer, 2023; Zhou et al., 2015).

However, there is no clear relation between time of week and risk of occurring WWD.
According to statistics from Danmark and France, WWD are slightly more common
during weekends, and it can probably be linked to driving under influence (Holgaard &
Mgller, 2020; Kemel, 2015; Zhou et al., 2015).

4.2.5 Reasons Behind U-turns

U-turns or driving backwards on motorways is usually caused by drivers forgetting that
they are driving on the motorway or being distracted and missing the intended exit
(Sagberg, 2003). Roadworks can also be a reason for a sudden increase of cognitive

load and lead to drivers taking wrong turns (Holgaard & Mgller, 2020).

WWD can also occur in crossways while turning left and turning onto the inner lane of
the wrong direction. It is more likely to happen when the driver does not pay enough
attention to the signs or when there is a poor overview of the crossroad (Sagberg,
2003).

4.3 Existing Measures Against Wrong-way Driving

There are several different measures against WWD around the world. Some of them
are physical solutions or guidelines for design of the road area while others are related
to policies or educating drivers. Some of the solutions aim to prevent the WWD from
happening, others to minimise accidents caused by WWD. The solutions can also be

in different scale and affecting different parts of the road areas.

4.3.1 Road Geometry Design of Interchanges

When it comes to the geometric design of interchanges, the road itself can be designed
to clarify an intended path or a path not to take. Here follows some geometric factors

that can be altered:

e Overview of interchanges: To enable drivers to get an overview of the area,
the secondary road can be located higher than the primary road. This is

especially a good measure for intersections (Sagberg, 2003).

32



Andersson & Mielcarek Chalmers University of Technology

Sharp turns: Using sharp connections between the secondary road and the
ramp where a driver is not supposed to enter makes the turn feel unnatural
(Holgaard & Mgller, 2020; Sagberg, 2003). A soft turn on the other hand can
make the turn inviting (see Figure 8). Road markings can also be used to make
the turn appear more sharp. This can work for avoiding both left and right turns.
Connection with secondary road and ramps: Using a wide connection
between the secondary road and the entrance ramp and a narrow connection
for the exit ramp makes it feel more natural to turn onto the entrance ramp
(Holgaard & Mgller, 2020).

Connection between ramps: In the Netherlands, entrance and exit ramps are
connected with a ramp to enable WW-drivers on the exit ramp to drive onto the

entrance ramp instead (Sgrensen, 2016).

/shclrp turn /soft turn

Figure 8 An illustration of a sharp turn (to the left) and a soft turn (to the right).

4.3.2 Clarifying Direction of Traffic

To make WW-drivers aware of them driving against traffic, and/or to clarify the correct

path, the direction of traffic can be clarified in different ways:

Different types of road markings such as stop lines at the end of exit ramps
(Holgaard & Mgller, 2020), road arrows (Holgaard & Mgller, 2020; Sagberg,
2003) and road lines in different colours (Sagberg, 2003; Sgrensen, 2016).
Reflexes on roadside posts/barriers or on the roadway. Red reflexes are
visible to WW-drivers and sometimes white/yellow reflexes are visible to “right
way’-drivers (Holgaard & Mgller, 2020; Ruer et al., 2015; Sagberg, 2003;
Song et al., 2024; Sgrensen, 2016).
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o Worth mentioning is that roadway reflexes do not work very well in
winter conditions with snow (Sgrensen, 2016). Also, this type of
solution is not very successful to prevent WWD which could be due to
an often cognitively loaded condition among WW-drivers were there are
not enough mental resources available to decode the meaning of the
reflexes (Holgaard & Mgiller, 2020).

e LED-lights at the road surface (Holgaard & Mgller, 2020).

4.3.3 Alerting Wrong-way Drivers on Exit Ramps

In some countries such as the US, “wrong way”’-signs are often accompanied with
different types of lights or dynamic signs activated by WW-drivers entering the exit
ramp in the wrong direction. These solutions are generally considered effective and
typically involve a sensor that detects WW-drivers with the help of for instance radar,
laser or camera detection (Song et al., 2024) and some type of blinking lights such as
LED lights (often red) (Holgaard & Mgaller, 2020; Ruer et al., 2015). In Slovenia, a
similar solution with dynamic signs and road booms activated by video surveillance is
being used (Song et al., 2024).

In Denmark, a similar solution with red diode lights mounted at the road surface in the
centre of the lane was tested. These lights started to flash in such a way that the light
appeared to be running towards the WW-driver This solution also had cameras that
could document the WWD and it could be seen that most WW-drivers turned around
proving the solution to be rather effective. However, some drivers deliberately
continued driving in the wrong direction. The solution was also sensitive to snow
(Vejdirektoratet, 2018).

Sometimes, videos are used to see if WW-driver self corrects and automatic messages
are sent out to display messages on motorways, send out texts to people or to collect
data (Song et al., 2024). Worth noting is that these types of solutions can be falsely
triggered by for instance wind (Vejdirektoratet, 2018).
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4.3.4 The Road Environment

The surrounding areas and the road environment can be a part of preventing WWD.
Enhancing a good overview of interchanges and thereby navigation is one part, such
as pruning of vegetation (Vejdirektoratet, 2018). Another example is using road
lightning to ensure good visibility conditions in interchanges (Holgaard & Mgaller, 2020).
Road lightning can also be used to manage the attention of drivers. For instance,
lightning posts can be placed at entrance ramps to help draw the driver’s attention
towards the correct path (Vejdirektoratet, 2018).

4.3.5 Road Signs and Road Markings

When it comes to road signage and road markings, there are several factors affecting
how drivers interpret the information. It can be the information displayed or the design
of the signage itself, but also its size and placement as well as combination of different
signage. Worth noting is that signage itself can only address unintentional WWD which
is 36% of all WWD (Unfallforschung der Versicherer, 2023).

4.3.5.1 Design of Signage

Existing signage can be altered to better attract the attention of the driver. For instance,
a yellow background can be used for a “no entry’-sign (Figure 9a). This alteration
seems to be effective to prevent WWD, probably since the yellow colour attracts the
driver’s attention, but when the interpretation of the sign was tested, the yellow colour
was difficult to understand for the test participants (Ruer et al., 2015). Another
alteration is to display the information not only with a symbol, but also with text such
as adding “Do not enter” on a “no entry”-sign (Vejdirektoratet, 2018) or “Turn back”
(Sgrensen, 2016) (Figure 9b).

(a) (b)

Figure 9 Alterations of the C1-sign where (a) has a yellow background and (b) has the text "do not enter"” on it.
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It is not only the appearance of the sign itself, but also the design of the signpost that
can help make the signage more noticeable. For instance, a red reflective tape on the
signpost can increase the visibility of the sign (Holgaard & Mgller, 2020; Song et al.,
2024).

Signs can also be traditional (static) or with lights. When it comes to usage of signage
with lights, traditional road signs seem to be perceived as more important by older
drivers which could be due to a longer exposure to traditional signage (Ruer et al.,
2015).

When it comes to the size of the signs, some authors such as Song et al. (2024)
suggests increased size of signs as a preventative measure, while other authors such

as Holgaard & Mgller (2020) do not consider it as rather effective.

4.3.5.2 Placement of Signs

The placement of signage as well as the combination of different signs can affect the
driver in different ways. For instance, spreading out the information on the signs can
help reduce the mental workload of the driver (Sagberg, 2003). Also to place the
signage where the driver is expected to look, such as before an incorrect turn could be
made, is important according to the author. Placing the signs closer to the ground
(around 0,5-1,2m from the ground), and thereby closer to eye level, is another example
(Holgaard & Mgller, 2020; Song et al., 2024; Vejdirektoratet, 2018) and has been
proven effective in for instance California (Vejdirektoratet, 2018). On the other hand,
placing signage close to the ground worsens the noticeability from distance (Holgaard
& Mgller, 2020). To angle the signs to make them more visible is another intervention
(Holgaard & Mgller, 2020). When it comes to “no entry”-signs at exit ramps, they should
be placed on both sides of the road (facing a potential WW-driver) (Song et al., 2024;
Vejdirektoratet, 2018).
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4.3.5.3 Signage Non-existent in Sweden
There are some road signs for exit ramps used in other countries:

e Signage with the text “Wrong way”.

e Signage with the text “Enter here” or “Motorway entrance”.
e Signage with the text “Warning for wrong way drivers”.

e “The Austrian hand”

o There are several different designs in different countries (Figure 10). In
Norway for instance, the background colour is red instead of yellow to
clearly differ from other Norwegian road signs and thereby attract the
driver’s attention (Sgrensen, 2016).

o This type of signage displays the same message in more than one way

which is supposed to be more effective (Sarensen, 2016).

STOP

Lty kierunek

Figure 10 Polish road sign F-24 inspired by "The Austrian Hand" (Source: public domain).
4.3.5.4 Road Markings

Different type of road markings, both in 2D and 3D, can be used in different ways:

e Road lines can be used to guide a driver correctly on a left turn (Sagberg,
2003; Sgrensen, 2016).

e Road markings that indicate the entrance of a motorway by displaying the
road number and direction has been proven to be effective in the US (Ruer et
al., 2015).

e 3D road marking that displays “STOP” for WW-drivers (Vejdirektoratet, 2018).
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4.3.6 Digital Solutions

There are several digital solutions that can be used to stop WW-drivers such as audible
warning messages (Song et al., 2024) or driver assistance-systems in cars. Driver
assistance systems that do not intervene, such as traffic sign recognition, can however
not affect intentional WWD (Unfallforschung der Versicherer, 2023). There are also
some app solutions that detects the direction of travel with the help of GPS-systems
and alerts WW-drivers as well as other nearby drivers (Unfallforschung der
Versicherer, 2023). According to the authors, up to 95% of WWD could be addressed
if digital solutions that communicate with both the WW-driver as well as other road

users are used.

4.3.7 Physical Barriers

There are some solutions that can physically prevent WWD or stop WW-drivers:

¢ Road spikes that flat tires of WW-drivers can be used but has not been proven
to be effective (Sagberg, 2003; Sgrensen, 2016).

e Side roads on exit ramps with a reflective line that naturally guides a WW-
driver of the exit ramp (Sagberg, 2003).

e Centre barriers on secondary roads that prevent wrong turns onto exit ramps
(Sagberg, 2003).

e Traffic islands placed close to intersections (Song et al., 2024) and painted in
bright colours to draw the driver’s attention (Song et al., 2024; Sgrensen,
2016).

e Side lines with grooves can be used on secondary roads to alert drivers who

make a wrong turn (Sagberg, 2003).
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Road
Infrastructure

This chapter presents descriptions of the elements that were identified in the road
environment and structured in the system analysis. Investigating them is necessary to
understand the context in which WWD occur and to prepare the basis before the idea
generation and concept creation phases. In this chapter, road elements (Figure 11)
and different types of interchanges will be presented to give a better understanding on
the variety of the cognitive load that can be experienced depending on the traffic

situation and therefore help to identify possible improvement areas.

Road infrastructure

Road Weather _
Roads AL «——  conditions
Parking & |
Bridge Tunnel service A
area Decision
making

‘——b
Interchange Roadway Road lane .
- - - Visuul Stlmu“ _’ OIder drlver

— Situation —
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“

Road Traffic Roadside T
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Figure 11 Systems model of the road infrastructure.
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5.1 The Road Area and Road Elements

When talking about roads, it is not only relevant to address the roadway and its road
elements, but also nearby areas. According to Swedish law, the road area (see Figure
12) includes the roadway, other areas and road elements needed for the existence,

operation and use of the road (Trafikverket, 2020).
Examples of elements included in the road area are:

¢ Road signs and road markings
e Bridges

e Road safe zones (side areas)
e Rest areas and bus stops

e Road lighting

¢ Roadside strips

¢ Roadside posts

e Roadblocks

road
elements

/

~
\ N
r N
road lane 'roquide'

— _
—
—l ’f
— il
- 7
strip

' :
road area

Figure 12 An illustration of the road area including road lanes, roadside strips and road elements.
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5.2 Types of Interchanges

There are three types of grade separated junctions (Table 6) that are commonly used
in connection to motorways and expressways (European Commission, 2026). These
types can often be mixed and adjusted to the local needs. The main purpose of grade

separated interchanges is to separate crossing streams of traffic and reduce accidents.

Table 6 Types of interchanges.

Type of interchange Schematic view

Diamond

Trumpet

Cloverleaf

SV

Depending on the type of roads that are crossing and the type of the interchange itself
there might be differences in the elements that are included in such junction. In general,
all kinds of interchanges consist of at least two crossing roads, for example two
motorways or one motorway and one main road, and ramps that connect the main

roads.
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In case of two motorways crossing (Figure 13) all streams of traffic are usually
separated to avoid unnecessary speed limits and to guarantee safety and efficiency
for the road users. The ramps can be formed in way that is compatible with how a

typical cloverleaf junction looks like.
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%

e

Figure 13 Trafikplats Petersborg 12, Malmé (Source: ©OpenStreetMap).

However, the majority of interchanges in Sweden are placed where a motorway
crosses with smaller roads, both national and local. In those cases, the flows of traffic
do not necessarily need to be separated and different kinds of street intersection can

OCcur.

Interchanges in urban areas are in general built closer to each other (Vagars Och
Gators Utformning, 2024) and can be quite complicated due to accommodation of
needs of not only car drivers but also pedestrians, cyclists and public transportation.
Size and form of interchanges depend usually on the limited space available in cities.
It is also common that crossings between the secondary road and the ramps are

roundabouts (Figure 14) or crossroads with traffic lights.

Figure 14 Eriksbergsmoétet, Géteborg (Source: ©OpenStreetMap).
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In rural areas where population density is lower, distances between interchanges are
larger and are built close to towns along the motorway or in connection to other national
or regional roads. Size and type of interchanges do not have that many limitations as
in urban areas and can be motivated by e.g. traffic needs. In many cases (Figure 15)

even usual crossroads without traffic lights or roundabouts can be applied.

Figure 15 Trafikplats Bjérklinge, Flbta (Source: ©OpenStreetMap).

In some cases (Figure 16), can exit and entrance ramp be merged into one road and
get divided shortly before approaching the motorway.

Figure 16 Trafikplats Angersjén, Myra (Source: ©OpenStreetMap).
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5.3 Division of Responsibilities for Road Transport and

Infrastructure

Within the division of responsibilities for Swedish road transport and infrastructure,
there are several stakeholders responsible for different areas of the system. The

responsibilities are as follows:

The Swedish Transport Administration is responsible for long-term transport
infrastructure planning as well as building and maintenance of state roads and railways
in Sweden (Government Offices of Sweden, 2014). In addition, The Swedish Transport
Administration should ensure accessibility and safety within a transport system that

takes the environment and the health of people into consideration (Trafikverket, 2022).

The Swedish Transport Agency is responsible for producing regulations and to
regulate and supervise the transport sector (Government Offices of Sweden, 2014). In
addition, Transportstyrelsen is responsible for traffic rules, road signs and to issue and

revoke drivers’ licenses (Transportstyrelsen, 2025).

Municipalities are responsible for building and maintaining municipal roads as well as

to decide on certain local traffic regulations (Transportstyrelsen, 2025).

Polismyndigheten (The Swedish Police) is responsible for ensuring traffic is carried

out according to current legislation (Transportstyrelsen, 2025).

5.4 Laws and Regulations

There are several documents that regulate planning, construction, re-construction and
maintenance of roads in Sweden. For instance, they regulate the design of roadways

but also usage of road signs. Some relevant documents are:

e Regarding road design: Vagars och gators utformning — TRVINFRA-00396
(Vagars Och Gators Utformning, 2024)

e Regarding road signs: Vagmarkesférordningen SFS 2007:90
(Vagmarkesforordning, 2025)

In this project, design suggestions both within and outside current jurisdiction are

proposed.
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5.4.1 Medical Requirements for Driver’s License

Transportsyrelsen (Swedish Transport Agency) are responsible for issuing driving

licenses in Sweden. In TSFS 2010:125 (Transportstyrelsens Foreskrifter Och

Allmanna Rad Om Medicinska Krav For Innehav Av Koérkort m.m. (Konsoliderad

Elektronisk Utgava), 2026), medical requirements for driver’s license are described.

Some relevant points are summarised below:

To be allowed to have a driver's license, one must be able to drive safely, and
therefore personal conditions (such as certain neurologic and cardiovascular
diseases, impaired mobility and usage of certain medicines) that can harm
driving abilities can be an obstacle for driver’s license.

Doctors are required to report conditions that might affect driving abilities
negatively.

When it comes to vision, the visual acuity should be at least 0,5 at 4-6 m from
the eyes (correcting lenses are allowed) and the visual field should be at least
120 degrees horizontally and 40 degrees vertically. Also, a driver should not
be too sensitive to glare and should have enough contrast sensitivity and night
vision.

Severe cognitive disorders such as dementia are an obstacle for driver’s
license. During an assessment, the following factors are assessed: attention,
judgment, the ability to perceive and process visual stimuli, mental flexibility,
memory, executive functions, psychomotor pace, emotional lability and fatigue.

However, for mild dementia, driver’s license could be allowed.
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Older drivers

This chapter presents some different factors and conditions that can affect older drivers
and their abilities. A visualisation of this can be seen in Figure 17. Investigating these
factors is necessary to understand factors that can contribute to WWD but also to
understand how the road infrastructure can be adapted to older drivers. In this chapter,
aging as well as some different physical and cognitive factors among older adults will
be presented. Also, some characteristics of older drivers in relation to road

infrastructure and WWD will be presented.

Older driver
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Figure 17 Systems model of the older driver.
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6.1 Aging

With aging comes certain changes with the body and the brain. There are however big
individual differences when it comes to aging (Fisk & Rogers, 1997). A concept
sometimes used is a division between universal biological processes affecting
everyone sooner or later (primary aging) and processes associated with diseases, lack
of exercise, poor nutrition etc. that affects many but not all (secondary aging) (Erber,
2010).

6.1.1 Age Related Diseases

There are several diseases often related to aging such as dementia, neurologic
diseases, stroke and arthritis. Although aging often comes with more diseases, the two
are often seen as separate (Erber, 2010). These age-related diseases can have big

negative influences on driving behaviour (Selander & Sandin, 2021).

For instance, neurologic diseases such as Parkinsons and MS can affect psychomotor
skills, attention and reaction time which are affecting the ability to overview traffic
environments, switching between lanes and to manage pedals (Selander & Sandin,
2021). Another example is a stroke that can affect attention, memory, quick decision
making as well as field of vision (Selander & Sandin, 2021). Osteoarthritis, a form of
arthritis, is an example of a disease affecting the mobility with loss of movement in the

knees, hips, spine, fingers, wrists, elbows and neck (Erber, 2010).

6.1.1.1 Dementia

Dementia diseases are quite common among older adults (around 10% of older adults
in the age group 80-84 have a dementia diagnosis) and affects cognitive functions
(Tucker-Drob, 2019). In a Swedish study, more than half of older drivers involved in
accidents had brain changes suggesting early stages of dementia (Selander & Sandin,
2021). It is however important to note that dementia gradually evolves and is typically
diagnosed when cognitive functions has dropped below a certain threshold that affects
the daily life (Tucker-Drob, 2019).

Since dementia affects cognitive factors important for driving, a diagnosis can be a
cause of withdrawal of driver’s license. Drivers with mild dementia could however be

allowed to continue driving for a certain amount of time (Selander & Sandin, 2021).
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6.1.1.2 Eye Diseases

There are some common age-related eye diseases such as glaucoma, senile cataracts
and macular degeneration. Glaucoma often comes gradually and initially affects the
peripherical vision and later on also the central vision. With senile cataracts, areas of
cloudiness appear which reduces visual acuity and increases sensibility to glare.
Macular degeneration affects vision for fine details needed for driving and is associated
with loss of nerve cells (Erber, 2010). How some issues with vision affects driving is

explained in Section 6.2.1.
6.2 Physical Factors

6.2.1 Vision

With aging comes some typical changes of the vision such as seeing in dim light, colour
sensitivity, sensibility to glare, visual acuity, contrast vision, distance and light
adjustment and field of view. These changes can both come from general aging as

well as certain eye diseases (Pinheiro & Da Silva, 2012).

In Table 7, some common factors affecting the vision of older adults are presented.

Table 7 Descriptions of different factors concerning the vision of older adults.

Category Factor ‘ Source ’ Driving relevance

IS TEG W Issues with distinguishing between (Kroemer, 2006) | Reading signage.
between visual elements with little space

visual between them such as when reading.

elements

Contrast Bigger contrasts and sharper edges are | (Pinheiro & Da Reading signage,
vision needed to see properly. Silva, 2012) seeing road
markings and other

road elements

Road markings should be three times (European Seeing road
brighter than the road surface for older | Commission, markings.

adults to see them properly. n.d.)
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Colour vision

Field of view

Visual acuity

Motion

perception

Depth

perception

Chalmers University of Technology

Difficulties with distinguishing between
shades of blues and greens compared

to shades of reds and yellows.

(Erber, 2010;
Kroemer, 2006;
Pinheiro & Da
Silva, 2012)

Reading sighage
and seeing other

road elements.

Strong colour contrasts are needed to

be able to distinguish objects.

(Pinheiro & Da
Silva, 2012)

Reading signage
and seeing other

road elements.

Response times can be shortened by

increased colour contrasts.

(Fisk & Rogers,
1997)

Reading signage
and seeing other

road elements.

Reduced peripherical vision can lead to
difficulties in overviewing traffic
environments. Providing a good and
clear overview of interchanges as well
as assist in making left turns and in

roundabouts can help older drivers.

(European
Commission,
n.d.)

Overviewing traffic

environments.

The useful field of view (UFQV), the
visual field which can be processed in

one glance, is negatively affected by

aging.

(Fisk & Rogers,
1997)

Overviewing traffic

environments.

Difficulties with visual acuity and to
quickly focus their eyes, especially on
nearby objects (called presbyopia or
far-sightedness) due to impaired eye

muscles and thicker lens.

(Erber, 2010;
Kroemer, 2006;
Pinheiro & Da
Silva, 2012)

Overviewing traffic
environments and

reading signage.

Difficulties determining the speed and
distance of other vehicles in the traffic
environment and often therefore drive

more carefully to avoid accidents.

(Erber, 2010)

Overviewing traffic

environments.

Difficulties estimating distances
between objects. This is mostly
declined through the 70s.

(Erber, 2010)

Overviewing traffic

environments.
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(B GILGCELEMN Due to a smaller pupil and yellowing of
glare the lens, older adults have difficulties
seeing in dim light and darkness, and

therefore need more light so see

properly.

(Erber, 2010; Nighttime driving.
Kroemer, 2006)

Sensitivity to shifts in lightning (glare)
and longer time to recover from it since
the pupil takes longer time to adjust to
lightning. This can for instance become
a problem with nighttime driving due to
headlights from passing cars. To limit

glare, indirect lighting is preferable.

(Erber, 2010; Nighttime driving.
Kroemer, 2006;
Pinheiro & Da
Silva, 2012)

Disturbance by clutters of light from
traffic environments with signs with
lights in different colours,

advertisements, traffic lights etc.

(Kroemer, 2006) | Overviewing traffic
environments and

reading signage.

Perceive flickering lights as continuous
at lower frequencies compared to

younger adults.

(Erber, 2010) Interpreting light

signals.

6.2.2 Hearing and Touch

The vision is not the only sense affected by aging. For instance, older adults often have

difficulties hearing low and high frequencies of sound (Erber, 2010; Kroemer, 2006).

Hearing abilities can be relevant to driving for instance when detecting audible signals

such as at a railway crossing. They are also often less sensitive to touch and have

higher thresholds for detecting vibrations (Erber, 2010). Detection of vibrations can for

instance be relevant to driving when it comes to detecting haptic feedback from driving

on noise stripes in the road.

50



Andersson & Mielcarek Chalmers University of Technology

6.2.3 Mobility

Older adults can have difficulties turning their head due to reduced head and neck
mobility (European Commission, n.d.) which can affect their ability to scan the

environment when driving.
6.3 Cognitive Factors

6.3.1 Information Processing

In general, older adults need more time to process information, detect changes in the
environment and to identify objects from visual stimuli, especially for complex tasks
and for tasks requiring bottom-up processing (Ebaid & Crewther, 2019). This is
important for driving since a driver needs to scan the road environment, identify objects
and information from signage, road geometry, surroundings, other road users etc.,
interpret them and then make decisions on how to drive. One way to reduce the time
needed for processing visual information is to increase colour contrasts (Fisk &
Rogers, 1997).

6.3.2 Attention

Aging comes with reduced attentional resources which can lead to difficulties

dealing with complex tasks, distractions and to switch between tasks (Erber, 2010).

e Switching attention can be difficult for older adults which can affect the ability
to switch between different sources of information as required when driving
(Fisk & Rogers, 1997).

e For complex tasks, older adults can have difficulties dividing attention, such
as talking on the phone while driving. For simple tasks however, there are no
big differences between young and older adults (Erber, 2010).

e With aging comes decreased selective attention which means difficulties to
focus on relevant stimuli while ignoring irrelevant or distracting stimuli (Erber,
2010; European Commission, n.d.). This can be important to be able to find
important information such as road signage describing how to navigate when

approaching interchanges.

51



Andersson & Mielcarek Chalmers University of Technology

6.3.3 Distractions

Older adults can have difficulties ignoring irrelevant stimuli, especially presented in
different modalities in complex situations (Ebaid & Crewther, 2019; Weeks & Hasher,
2014). For instance, listening to the radio could impair older adults’ comprehension of
text while reading (Weeks & Hasher, 2014). This could for instance suggest that

listening to the radio while driving can impair the ability to interpret road signage.

e Congruent distractions (e.g. pictures that enhance the message presented by
text) can help older adults to process information in a better way and shorten
their reaction time. For instance, older adults can benefit from multisensory
information such as reading and listening to the same information (Weeks &
Hasher, 2014).

¢ Reducing the spatial distance between text and graphics could increase older
adults’ comprehension of information (Weeks & Hasher, 2014).

e If new stimuli are presented while other previous information is processed, the
new stimuli can influence and disturb the information processing (Weeks &
Hasher, 2014).

6.3.4 Memory

With aging, some types of memory are affected while others are not. For instance, for
simple memory tasks, there are no clear indications of impaired ability among older
adults to remember small amounts of information (Fisk & Rogers, 1997). The working
memory however is more affected by aging. Erber (2010) suggests this relates to
processing of information held in the working memory. This can be relevant to driving

when it comes to remembering information from signage.

6.3.5 Reaction Time

In general, older adults have longer reaction times than younger adults, especially for
complex tasks involving several different stimulus and possible responses (Erber,
2010) as well as for tasks requiring bottom-up processing (processing new stimuli on
its own without previous knowledge) (Ebaid & Crewther, 2019). They also have more
issues processing stimuli presented one after another in a short period of time and

therefore need more time in between presented stimuli (Erber, 2010). Ebaid &
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Crewther (2019) however points out that results from tests of reaction times involving
button-pressing might be affected by motor slowing of older adults and not only
processing of stimuli. Reaction times can be relevant to driving since decisions often
quickly have to be made based on detected stimuli from the road environment such as
deciding to stop at an intersection when there is an oncoming car from the crossing

road.

6.3.6 Cognitive Tunnelling

Cognitive tunnelling is another factor that can affect a driver. This is a situation where
someone stop receiving and processing information from the environment because

their attention is captured somewhere else (Carroll, 2022).

6.3.7 Decision-making and Stress

There are several factors affecting decision-making such as stress and time pressure
(Carroll, 2022). The author also mentions factors such as uncertainty, since an
understanding of the situation must be made to make a decision, and expertise, since
more experience and knowledge makes it easier to extract relevant information from a
situation. Another aspect is humans’ tendency to make decisions based on previous
experiences by finding patterns from previous situations and applying them to a current

situation, so called recognition-primed decision-making (Carroll, 2022).

Stress can also affect decision-making with reduced confidence and quality of the
decisions being made, as well as shrink the perceptual field and minimise attentional
resources (Carroll, 2022). A stressed driver could therefore be less inclined to perceive
all relevant information from road infrastructure and make suitable decisions based on
it.

When it comes to older adults, they tend to focus more on emotional aspects, need
more time to make decisions and are more affected by complex and changing
circumstances in their decision-making (Peters et al., 2007). This can be relevant to
driving since traffic environments often can be complex and shifting. On the other hand,

older adults tend to be more cautious than younger adults (Erber, 2010).
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6.3.8 Heuristics and Cognitive Biases

There are several mental shortcuts, so called heuristics and cognitive biases, that can
affect decision-making. These shortcuts are often used due to limited time or
information (Carroll, 2022). Some examples of heuristics and biases are presented

below:

e Anchoring bias: a tendency to rely on information presented first, despite
new information that disproves the old (Carroll, 2022). This bias could affect a
driver’s navigation based on information from signage.

e Choice overload: a tendency to be overwhelmed when there are too many
options available (List of Cognitive Biases and Heuristics - The Decision Lab,
n.d.). This bias could affect a driver’s ability to make decisions when there are
many alternative routes.

¢ Recency effect: a tendency to best remember the most recent information
(List of Cognitive Biases and Heuristics - The Decision Lab, n.d.). This bias
could affect a driver’s navigation based on information from signage.

¢ Risk compensation: a tendency to be more risk-taking when the feeling of
safety is increased (Selvefors et al., 2023). This could affect a driver’'s
decisions to turn in an interchange.

e Salience bias: a tendency to focus on the most prominent information

(Carroll, 2022). This bias could affect what information a driver will remember.

6.3.9 Mistakes and Errors

When decisions are made, and actions are performed, there are several different
mistakes and errors that can occur. For instance, an incorrect action can be performed
due to an incorrect understanding of a situation, a so-called knowledge-based mistake
(Carroll, 2022). Factors such as misinterpretation and limitations in working memory
can lead to these mistakes, as well as little experience and high attentional demand
(Wickens et al., 2012). For older drivers, this could be relevant when driving in a new

type of traffic environment.
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Errors such as accidently turning up the volume of the car radio instead of switching
station (so called slips) can also occur. Slips are more likely to happen when attention
is not directed towards the action (Wickens et al., 2012). In the radio-example, this

could be when a driver is focusing on driving when trying to switch radio station.

6.4 Older Drivers’ Characteristics

Being able to drive a car is essential for many older adults’ in fulfilling their social needs
or accessing different services such as healthcare, leisure or shopping (Selander &
Sandin, 2021). This becomes fundamental for older drivers living in the countryside
where other transport modes are less available. Today’s older drivers tend therefore

to drive more frequently than the previous generations.

Despite aging processes and following physical and cognitive impairments, older
drivers are generally more experienced and pay higher attention to different safety
measures e.g. seatbelts or driving within the speed limits (Selander & Sandin, 2021).
They are conscious about their limitations, and especially women, are willing to

accommodate them by adapting the driving to their needs (Selander & Sandin, 2021).

Cognitive and physical limitations increase the risk of older drivers being involved in
car accidents. Failure to read road signs from a distance and to notice other road users
are related to difficulties with seeing, scanning and processing the surroundings
(European Commission, n.d.; Selander & Sandin, 2021). Accidents involving older
drivers tend to happen in complex traffic environments where the road user is required
to perform several actions, such as scanning the environment or completing driving
manoeuvres, at the same time (Selander & Sandin, 2021). Misinterpretations, reduced
reaction time and confusing the gas pedal with the breaks can also contribute to higher

vulnerability of older drivers while managing stressful traffic situations (Kroemer, 2006).
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6.4.1 Older Drivers and Road Infrastructure

Aging processes and technical development make some elements of road
infrastructure more challenging for older drivers than other. Table 8 presents these

elements with the explanations of difficulties and potential improvement areas.

Table 8 Road elements that are perceived as the most challenging by the older drivers.

Road element | Explanation

Highways According to studies made on older drivers, improved lighting, more clear and
robust lane guides and width of travel lanes can improve the perceived safety on

motorways (European Commission, n.d.).

Intersections Navigating through intersections can be demanding for older adults due to higher
requirements on the reaction time and attention capabilities. Moreover, many
accidents in intersections are caused by failing to notice other road users (European

Commission, n.d.; Selander & Sandin, 2021).

Interchanges Eliminating weaving sections, shortening merge areas, providing better and more
clear exit signs and fixed lighting are some of the improvements of interchanges

requested by the older adults (European Commission, n.d.).

Roundabouts Many older drivers perceive roundabout as a relatively new road element causing
an unexpected and confusing stimuli. Right angle connections are preferable over
the tangential ones in order to minimise the need of turning head to see other road

users (European Commission, n.d.).

6.4.2 Older Drivers and Wrong-way Driving

Reduced peripheral vision and decreased selective attention caused by aging are
some of the reasons behind the overrepresentation of older adults in WWD statistics
(European Commission, n.d.). To accommodate their needs there are some measures
that can be taken to provide clarity and safety on the motorways such as prioritising
the right information in complex situations or improving the lighting conditions around

the places with higher exposure for risk of occurring WWD.
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Another important safety measure that takes older drivers’ visual impairments into
account is improving the signage (European Commission, n.d.). Road signs, in
particular “no entry”-signs, should be placed in the driver’s field of vision, be more
retroreflective and contain larger text. Conspicuous signs with additional information
and advice can reduce the risk of older drivers being confused or in doubt, which often

leads to rushed decisions and sudden movements.
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Results from the
user study

In this chapter, findings from both the survey and the interviews are combined and will
be presented in four categories: navigation, challenges, older drivers’ habits and

external factors.

7.1 Navigation

The respondents have in general been open to try modern navigation tools such as
mobile apps or build-in GPS functions in their cars but a physical, paper map is
perceived as the most reliable one. Paper maps are also a popular tool while planning
the route before a longer trip. They appreciate also to have a passenger guiding them

while driving, especially if the guide is competent.

Participants pay attention to road markings and appreciate the development in this
area such as introducing junction numbers, that has been made since they took the
driving license. Road signs are perceived as guiding and presented only, when
necessary, which reduces the amount of information that they need to process. While
driving on roads with several lanes they prefer to see road signs placed over the lanes.
On motorways, directions signs are placed in advance and repeated at least two times
which usually gives enough information about when to exit the motorway. Road
numbers are also a helpful tool to follow, both while looking into a paper map and while

driving longer distances.
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7.2 Challenges

Many participants in the user study have stated that road environments that they are
not used to, such as driving past construction works or navigating in new areas make
them feel uncomfortable and nervous. They often feel pressure from other road users
and consider the current traffic situation as stressful because they are expected to
make decisions quickly. They are also conscious about the risk of being distracted by
phone usage, controls inside the car or by driving on a monotone road. They are afraid

of making mistakes and they can imagine that they would be able to commit a WWD.

7.3 External Factors

The external factors that impact how the respondents behave as drivers are weather,
visibility and other road users’ behaviour. Older drivers, due to their relatively long
experience, know how to adjust their driving to the weather conditions and usually
avoid driving when the conditions are troublesome. They are also conscious about
their capabilities that may be reduced to different aging processes and therefore some
older drivers decide to avoid driving in darkness or strong sunlight. A problem that
some of the respondents pointed out is the pressure coming from other road users,

especially when they are not driving safely and responsible.

7.4 Driving Habits

There are also other reasons whether older adults that were interviewed choose to
drive or not, such as environmental concerns, travel length or availability of public
transportation. Car remains also a fundamental tool that allows them to socialise with
their families and friends, to participate in different activities and to stay independent.
Many of the study participants responded that they drive a car at least once a week.
However, there is no correlation between the type of a road and willingness to drive.
Their experience allows them to adjust their driving styles to different traffic conditions,
but they think that motorways are in general monotone and should be improved with

more frequent rest areas.
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Design problem
formulation

In this chapter, a function analysis, a user definition followed by a list of requirements

will be presented. At the end of the chapter, a design problem will be presented.

8.1 Function Analysis
The function analysis of the selected road elements has resulted in fourteen tables

containing the identified and classified functions for each of the road elements included
in the project scope (see
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Appendix D). Identified functions consider not only the physical aspects such as
protecting road users from accidents or allowing road maintenance but also the

cognitive aspects of how lighting, forms and colours communicate with the drivers,

guide them and allow interaction between the vehicles.

8.2 List of Requirements

The findings made in the research phase of the project were translated into a list of

requirements consisting of following categories:

Cognitive needs — requirements addressing the cognitive needs such as
reduced distractions, providing the information clearly or effective guiding
through the intersection.

Physical needs — requirements that accommodate impact of road geometry,
traffic and weather conditions on road safety.

Older drivers - requirements that take the cognitive and physical needs of
older drivers into account.

Maintenance — requirements that describe how the solution should be
designed in relation to maintenance routines in road infrastructure.
Sustainability — requirements that lower the environmental impact of the

solution and prolong its expected product lifetime.

All requirements are descripted, have relevant notes and are classified into
necessary or desirable. The complete list of requirements is available in
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Appendix E.
8.3 Definition of Design Problem

In this section, a definition of the design problem is presented.

This project addresses a design problem of older drivers getting confused and making
wrong decisions while navigating on motorways and in interchanges, which can
eventually lead to serious accidents, such as WWD. The indented use of the road
infrastructure should therefore be communicated explicitly in a way that fits the older

drivers’ cognitive and physical needs.
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Final concepts

In this Chapter, the 9 final concepts are presented as well as the results from the

evaluation studies with the expert panel and target group.

Note: The presented concepts are not supposed to replace existing elements in the

road infrastructure but rather to work as a complement.

9.1 Concept 1 — Entrance Ramp Sign

Background

One reason behind WWD is confusion that can occur when navigating in interchanges,
especially when driving in new environments. It can be difficult to know how to drive in
the interchange and to know how to enter the motorway, especially in complex road

environments.

The main source of inspiration for this concept was an idea of creating a clear visual
distinction between the entrance and exit ramp. It would help the older drivers to
navigate especially in interchanges where these two ramps are placed next to each

other.
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Initially, more unusual colour and pattern variants were proposed that could attract the

attention more effectively by sticking out from the background (Figure 18).

FI‘
5 'l

Figure 18 Different colour and pattern alternatives in early stages of the idea creation.

However, evaluation of those ideas showed relatively low contrast values and that
troubles with associating these forms with other road elements could rather confuse
the drivers than guide them safely. In further development of the ideas, different colour
combinations both within and outside the current regulations were explored regarding

> DD DD ke
Jm> ¥3>

Withing current Outside current
requlations regulations

Figure 19 Different colour alternatives that were investigated in the contrast value exploration.

Description

The concept simplifies navigation by creating a mutual identification sign for entrance
ramps. When navigating, a driver can look for this sign and be certain that they will
enter a motorway since it is always placed next to an entrance ramp. The sign both
works as a visual cue that can help the driver towards the entrance ramp and as a

confirmation before they make a turn. The sign should be easily spotted.
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The concept is a sign with three different variants for different applications: “the box”,

“the wide”, “the tall”. Dimensions of the signs are presented in Table 9:

Table 9 Dimensions and motivations for dimensions of variants of concept 1.

The box ‘ The tall ‘ The wide
60cm 100cm > > > > > [SOcm
: 250cm !
60cm
35cm
The size of this variant | According to TSFS The height of the sign is estimated to be

is based upon sizes of
speed limit-signage
(C31-sign) according to
TSFS 2019:74, 4 Kap 1
8.

2019:74, 16 Kap 1 §,
the X3-sign (sign used
to mark for instance
speed bumps) should
be at least 40cm tall
and have the
dimensions 4:1. This
sign is a bit wider than
that to be spotted more

easily.

roughly the size of a car wheel to not block the
view of a car driving on the exit ramp
(Estimated wheel size: around 40-50 cm in
diameter). The width of the sign is estimated to

not be longer than the length of a car.
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The signage should be placed by the entrance to the entrance ramp, visible from both

directions of driving on the secondary road. “The box” (see Figure 20) should be placed
around 150-200 cm from the ground (in TSFS 2019:74, 1 Kap 13§ height placement is

between 100-200 cm) and can be spotted from a distance in all directions.

Figure 20 Placement of "the box" in an environment.

Both “the tall” (see Figure 21) and “the wide” (see Figure 22) should be placed close
to the ground so they can be spotted from a closer distance right before the turn should
be made. The placement makes it easier to spot when close by since the eyes often

focus closer to the ground.

Figure 21 Placement of "the tall" in an environment.
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>>>>>

.

Figure 22 Placement of "the wide" in an environment.

Apart from different size and form variants, three different colour alternatives were

created (see Table 10):

Table 10 Colour alternatives and motivations for concept 1.

Green and white

’ Blue and white

>

>
>

>>>> |

>

>
>

>>>> |

‘ Purple and white

>

>
>

>>>> |

This colour combination is
commonly associated with
motorways in Sweden.
However, it might be difficult to
distinguish from the vegetation
in the background.

This high contrast colour
combination is used to
describe national roads that in
many cases also are
motorways. However, it might
blend in with sky or water in the
background.

This colour combination was
proposed thanks to its high
contrast value and novelty that
can help the sign to stick out in
the road environment. Purple
though is not used today in
road signage and there might
be problems with associating it
with other road signs.
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Finally, three different pattern alternatives were proposed (see Table 11):

Table 11 Pattern alternatives and motivations for concept 1.

Pattern 1 Pattern 2 Pattern 3

=
>
>

>>>>>Mleeoeeollocco000

This pattern provides a A big circle that sticks out A new symbol in the road
direction that unconsciously against the background colour. | environment that can be
guides the driver towards the Functionality of it does not connected to this new type of
entrance ramp. dependent on viewing it from a | signage. Not dependent on
certain direction. viewing it from a certain
direction.

This new sign should be applied on every interchange in Sweden to create a universal
visual cue that the drivers will be looking for while they are about to enter a motorway.
Hopefully, following these signs will become intuitive and will support the existing

signage around the entrance ramps.
Advantages and challenges
The expected positive outcome of this solution is:

e Improved navigation by “looking for landmarks”.

e Giving the driver confirmatory feedback before making a turn.
Following challenges with the concept are also addressed:

e Can lead to information overload since an extra road element is added to the
road environment.
e Since this is a new type of information within the road environment, the

solution must exist during certain time for drivers to get used to it.
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Older drivers’ perspective

The solution minimises the cognitive load, stress and uncertainty when navigating in

an interchange since it guides the older driver and gives confirmatory feedback. The

driver does not have to wonder whether they are heading towards an entrance ramp

or an exit ramp. The sign attracts attention and minimises the time required to scan the

environment.

Evaluation with the expert panel and the target group

If “the wide” is put directly on the ground, car lightning cannot touch it.

“The wide” is the alternative that is most prominent in the road environment
according to both the experts and the older driver. It also guides the most (with
the arrows).

The pattern alternative with arrows guides and indicates a direction and was
preferred by both experts and the older driver.

The green colour is associated with the motorway.

The experts notes that it is important to not only indicate where to turn, but

also where not to turn.

Evaluation against the list of requirements

The version with arrows clarifies clearly the direction of traffic and type of
ramp.

The purple version has higher contrast between graphical elements and is
easier to distinguish from the background than the green one. However, due
to its colour it might be confused with commercial signs.

“The wide” sign’s placing reflects the car light and can lead to glare.

Arrows can confuse drivers that do not intend to enter a motorway which can

get them to drive slowly and impact traffic flow negatively.
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9.2 Concept 2 — Exit Ramp Sign

Background

This concept continues the principle used in Concept 1 — Entrance Ramp Sign, that
entrance and exit ramps should be easier to distinguish visually. It is crucial in
situations where both types of ramps are placed next to each other and technically

allows the driver to drive on them.

There is already a sign used to inform the driver that driving against the direction of
traffic on an exit ramp is prohibited - the C1-sign (“no entry’-sign). However, it can
sometimes be missed by a driver and can therefore lead to a wrong turn onto an exit
ramp and WWD. There is theory suggesting that the C1 sign might be placed too far
from the ground for a WW-driver to spot it from a close distance. The sign can also

blend into other elements in the road environment of an interchange.

Along the development process of this solution there have been several different ideas
on the form and colour selection for how to provide a better complement for the C1-
sign (Figure 23). Some of them were eliminated due to too high similarity to the signage
used around railway crossings (a), some of them were eliminated because they were
not coherent enough with other road elements (b) and finally some got eliminated

because of poor contrast values and low visibility (c).

Vi JA

(a) (b) (c)

Figure 23 Different types of exit ramp signs that were developed in the idea generation phase.
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Description

This concept attracts the attention of a WW-driver before they make a wrong turn onto
an exit ramp, and it allows them thereby to self-correct. The sign, in combination with

the C1-sign (see Figure 24), further enhance the information that entry is prohibited.

The new exit ramp sign is a vertical sign designed to cover a large vertical area to
make it easier to spot compared to the circular shape of the C1-sign. It should be
placed on the signpost below the C1-sign, on both sides of the road lane of the exit
ramp, in an angle spottable from a direction where a WW-driver can see it (see Figure
25). Placement of C1-signs or similar between 0,5-1,2 m from the ground has been
proven effective to prevent WWD since it is closer to eye level (Holgaard & Mgller,
2020). The sign should however not be placed so it is blocking the view of a driver

coming from the exit ramp and turning onto the secondary road.

N\

Cl-sign
100cm

35cm

Figure 24 To the left: the final version of the new exit ramp sign in a suggested application together with C1-sign.

To the right: existing placement of two C1-signs placed on the same signpost.
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? ?
X X
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Figure 25 The exit ramp sign put an in environment.

The dimension of the sign is based on the X3-sign (sign used to mark for instance
speed bumps). According to TSFS 2019:74, 16 Kap 1 §, the X3-sign should be at least
40 cm tall and have the dimensions 4:1. This sign is a bit wider than that to be spotted

more easily.

There are four alternatives of the final design with different colour and pattern choices
(Figure 26). In all variants yellow was chosen as a background colour due to its ability
to attract attention. Red in alternatives (a), (b) and (c) is associated with warning and
request to stop. Black details in all four alternatives are meant to increase contrast and
visibility of the sign. Black, red and yellow together are also commonly used on warning
signs. Orange in alternative (d) was selected to tone down the visual appearance of
the sign in the surroundings but is less preferred due to low contrast values against

yellow.

The pattern chosen in alternative (a) was inspired by a X3-sign that warns the driver
on speed bumps and other obstacles in the road lane. However, after applying the
pattern together with the selected colours, it appeared that the road sign was similar
to A38-sign that is used around the railway junctions. Crosses used in alternatives (b)
and (c) signals clearly that the driver must stop their vehicle. Zig-zag selected in variant

(d) should attract the attention of the driver but not communicate anything more.
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XXX

(a) (b) (d)

Figure 26 The four final alternatives of the concept with different colour and pattern selection.

Older drivers’ perspective

Older drivers tend to focus their eyes closer to the ground and can sometimes have
difficulties spotting signage in a road environment since it “disappears”. This sign helps

older driver to spot the C1-sign and to more easily see that a turn towards it is incorrect.
Advantages

e The exit ramp sign attracts the attention of the driver to make them realise
they are driving in the opposite direction or to stop them from entering an exit

ramp from the wrong direction.
Challenges

e A sign that attracts the attention of a driver can in some cases have the
opposite effect and make someone drive towards it, especially in a stressed
situation.

e High similarity to the signs used in railway crossings (for alternative (a)).
Evaluation with the expert panel and the target group

e Both the older driver and the experts mentioned that the exit ramp sign gives
an additional warning that can be seen more easily than the regular C1-signs.

e The shape of the exit ramp sign makes it more apparent.

e Both the older driver and the experts preferred pattern option (b) with the
crosses since it is more intuitive. The older driver mentioned that it looks like

roads that are crossing and the experts mention that the crosses indicate a
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clear “no” that makes you stop and consider (even if you would not directly
understand its meaning).

e According to the experts, pattern options (a) and (d) are confusing since (a) is
similar to a railway and (d) does not tell you anything. Alternative (b) was most
preferred due to the red colour that is a clearer “no” than the black and since it

can be seen more easily at night.
Evaluation against the list of requirements

e This solution informs the driver how not to drive in a very clear way.
e However, it can distract drivers passing by, which also has a negative impact
on traffic flow efficiency and can lead to stress.

e Similarity to railway crossings can be confusing.

9.3 Concept 3 — Horizontal Exit Ramp Sign

Background

Another way to distinguish the entrance and exit ramp visually is to indicate the
direction of traffic on each ramp for the drivers on the secondary road. Usually, the
direction can be indicated by the cars approaching or leaving a given intersection, but
in the interchanges far away from urban areas there might be not enough cars to

provide this information all the time.

Seeing the direction that is opposite to the one indented by the driver will probably
persuade them away from the exit ramp. Currently this function is by the C1-sign that
indicates that proceeding to exit ramp is prohibited. However, this sign can sometimes
be missed by a driver and can therefore lead to a wrong turn onto an exit ramp and
WWD. There is theory suggesting that the C1-sign might be placed too far from the
ground for a WW-driver to spot it from a close distance. Also, the sign can blend into

other elements in the road environment of an interchange.
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The first iterations of this idea consisted of three different pattern alternatives (Figure
27), but all of them had the same form and were placed close to the ground. Alternative
(c) got chosen thanks to its clarity in showing the direction of traffic, good contrast

against the surroundings and low risk of getting confused with other road signs.

[€CCLCLY

Figure 27 Three alternatives developed in early iterations of the idea: a blue-yellow sign usually used to warn

about sharp turns (a), a red signs with three C1-symbols (b) and a blue sign with white arrows (c).

Description

The concept solves the problem of drivers taking a wrong turn onto the exit ramp from
the secondary road by displaying the correct direction of traffic on the exit ramp so that

a driver can see that they should not enter there.

This horizontal sign is placed close to the ground so that it can be seen by a driver
focusing their eyes close to the ground. It is designed to be big and therefore be easily
spotted by a driver. The sign guides the driver by displaying the intended direction of

traffic. The sign can be placed either in a roundabout or in a crossroad.

The height of the sign is estimated to be roughly the size of a car wheel to not block
the view of a car driving on the exit ramp (Estimated wheel size: around 40-50 cm in
diameter). The width of the sign is estimated to not be longer than the length of a car
(Figure 28).

Figure 28 The final version of the horizontal exit ramp sign with its dimensions.
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In Figure 29, the sign can be seen placed in an environment.

Figure 29 The horizontal exit ramp sign placed at an interchange.

Older drivers’ perspective

Older drivers tend to focus their eyes closer to the ground and can sometimes have
difficulties spotting signage in a road environment since it “disappears”. This sign helps

older driver to see the intended direction of traffic which guides them not to turn there.

Advantages

e This sign and its form attract the attention of the driver.

e It indicates the correct direction of traffic.
Challenges

e Can possibly block the view.
e Can be a disturbance during road maintenance.

e Can lead to information overload since an extra road element is added to the

road environment.

e Position close to the ground leads to direct reflection of car lights and can

glare the drivers.
Evaluation with the target group

e The older driver would probably wonder what the purpose of the sign was if

seeing it while driving.
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Evaluation against the list of requirements

e This solution reminds the driver about the direction of traffic on the exit ramp.

e ltis placed in the middle of the visual field while scanning the exit ramp in
order to detect the oncoming cars.

e The sign ha high colour contrasts.

e The sign improves the comprehension of the interchange.

e The "horizontal" sign is placed right next to car lights, which leads to glare and

light reflection.

9.4 Concept 4 — Road lllusions

Background

In some cases, distracting the driver can effectively prevent them from taking a wrong
turn or driving too fast. It can be achieved by placing unusual elements (e.g. sculptures)

in the road environment or adding obstacles in a road lane.

This solution is inspired by “elevated” pedestrian crossings that take advantage of
optical illusions to persuade a driver that a road marking is in fact a physical obstacle.
Ideally, this illusion should confuse them enough to lower the speed and to pay more

attention to the pedestrian crossing and people around it.

Another motivation to develop this idea was the attempt to achieve the effects of a
physical object being placed in a road without all the negative consequences that are
related to it, such as unnecessarily big impact on the drivers that are driving correctly
or more difficult and resource consuming road maintenance. This topic is explained

more thoroughly in Section 4.3.7.

Several patterns were taken into consideration in the development process of this
concept. The “elevated” give-way line could alternatively be a stop line or an edge line,

and the “elevated” concrete blocks could also be a barrier or an arrow (Figure 30).
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Give-way line Side line Obstacles

AAAAAL 0000

Stop line

Figure 30 Alterations to the solution placed in an intersection (left) and to the solution placed on a exit/entrance

ramp (right).

Description

There are two possible applications for this concept (Figure 31). The first one should
prevent wrong way driving in intersections and roundabouts and should discourage the
driver from taking a wrong turn. In the other scenario the illusion is applied further in
the exit ramp and should get a wrong-way driver to stop the venhicle. In both cases itis

important to not to distract the drivers that are driving correctly.

Figure 31 lllusion that prevents wrong turn in intersections (left) and illusion that stops the WW-drivers in the
middle of an entrance/exit ramp (right).
In order to allow easy and effective set-up, the ambition was to develop a template that
could be used to paint the illusion on a road surface with only white paint. To achieve
this the further investigation is needed since each intersection has different geometry

and therefore the illusion will be seen from slightly different perspectives.
Older drivers’ perspective

From the older driver’s point of view there are some measures that need to be taken

in order fulfil the intended functionality of the concept:

e Size and location of the illusion should take the extended reaction time in the
consideration.
e There should be no doubts if the illusion is inviting to take a turn or not

(reduced cognitive load).
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Colour(s) of the illusion should create a high contrast to the colour of the road
(ratio 2:1).

If there are any other signs relating to the situation it is important to
synchronise them and avoid contractionary cues.

Limited active field of view - if the solution should be seen from a given

distance, how is it placed then?

Advantages

This concept gives an impression of a three-dimensional object without all the
negative consequences of installing road spikes or road bumps. It allows to
target the WW-drivers without affecting the correct driving vehicles.

The solution changes the road environment relatively cheap using existing

methods and materials in road marking maintenance.

Challenges and further development

However, this concept is still far away from being ready to be implemented and there

are some challenges that need to be addressed in further development:

Developing a template that can be effectively applied no matter the
intersection geometry is necessary to implement the solution on a bigger
scale.

The extensive road maintenance during winter and darkness will probably limit

the functionality of the solution.

Evaluation with the expert panel and the target group.

Both the experts and the older driver mentioned that it is difficult to imagine
how this solution would work without testing it.

The older driver mentioned that it could perhaps be like seeing a speed bump
and lowering your speed.

One of the experts was familiar with the solution but had no positive
experience from it. The others had not seen it before.

This solution only works in a small time-gap from a certain distance.

For the option on the exit ramp, the older driver mentioned that even though

you would notice the illusion it can be difficult to know what to do.
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Evaluation against the list of requirements

e This concept is visible and can grab attention due to its unusuality.

e High contrast between white pain and black asphalt (just as in other road
markings). Road paint can also reflect light.

¢ Inideal scenario the concept should inform about how not to drive but it is
questionable whether the information alone is clear enough. It will probably
work as a complement to other road signs.

e Novelty of this type of solution can confuse the drivers.

The illusion will not work for the drivers driving correctly which will probably
confuse them.

e ltis difficult to standardise this solution and therefore installation and
maintenance will require both time and economical resources. Each illusion
needs to be adjusted to the particular context.

e Both traffic and weather conditions lead to relatively short product lifetime. The
solution will be erased by tires and road maintenance.

e |tis questionable whether the solution will be visible in snow, rain or darkness.

9.5 Concept 5 — Right Turn-blocker

Background

WWD often occur when a driver is in a stressed or confused condition and is in a
cognitive loaded stage. In this condition, it is possible that the driver have few mental
resources to detect and interpret signage or other information provided in the road
environment. Therefore, a wrong turn onto an exit ramp could be made simply because

there is nothing to stop the driver.

Many intersections and roundabouts that have been analysed in this project have so
called “soft turns” between the secondary road and the exit ramp (more on that in
Section 4.2.2). It makes it technically possible to take a wrong turn and proceed against
the direction of traffic even though the road signs prohibit this. However, soft turns and
additional side areas cannot be removed because they are used while e.g. over-

dimensional transport needs to pass by.
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The idea for the right-turn blocker appeared while trying to improve the road geometry
and block the driver from making a wrong turn onto the exit ramp without reconstructing
the road. In early stages of the development, different types of physical features were
analysed such as road spikes or sand but they were further replaced by three, final

alternatives.
Description

The solution is placed on the right side of the lane in the space between the secondary
road and the exit ramp where a wrong right turn could be made and works in both

roundabouts and other crossings. The concept comes in three alternatives that block

or alert the driver: bumps (Figure 32), gravel (Figure 33) and a bumpy plate (Figure
34).

a
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Bumps

Figure 32 Bumps placed at an intersection.

“The bumps” consists of modules of speed bumps mounted in the road surface.
Specifications of the bumps:

e Width around 20cm, height around 3cm, length dependent on placement.
¢ White colour to not be confused with speed reduction.
e Placed in a pattern similar to closed of areas with road lines (swe.

“sparromrade”).
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Figure 33 Gravel placed at an intersection.

“The gravel” consists of an area filled with medium sized gravel. The gravel will provide

a variation in the road surface but will not blow away with regular wind.
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Figure 34 The bumpy plate placed at an intersection.

“The bumpy plate” consists of a plate with angled edges and a pattern of “hills”
mounted onto the road surface. The plate can be removed if needed for maintenance

of the road surface or the plate itself.
Specifications of the bumpy plate:

e Size of hills: Around 4 cm deep. Around 20 cm between peeks.

e The size is based on TRVINFRA-00396, K237829 which is about sizes of
sinus grooves at edges of roads. But the depth is doubled to make a more
apparent shift of the road surface. The bumps should be big enough for the
driver to clearly notice and for them to lower the speed/stop the vehicle. But it

should also be possible to drive past it for “right way”-drivers.
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Older drivers’ perspective

All alternatives of the concept are designed to not attract additional attention which is

good for older drivers who might be more affected by distracting elements in the road

area. This is a solution that should not be noticed unless a driver makes a wrong turn.

Advantages

For drivers in a cognitive state where information from signage cannot be
processed, this solution will block or alert the driver anyway, hindering them

from continue driving onto the exit ramp.

Even though it is a physical object it does not complicate the road
maintenance and will not impact the traffic flow negatively since it is placed in

a side lane.

Challenges and further development

e Large vehicles should be able to drive through the interchange, so the
solution should not stop a vehicle who drive over it without making a wrong
turn.

e |If the gravel solution is used, gravel might come onto the roadway and
disturb drivers.

e A bumpy surface could be problematic during wintertime if water or snow

get stuck there.

Evaluation with the expert panel and the target group.

The experts agreed that the blockers need some visual cues to not only alert
the driver after they made a wrong turn but to alert and inform them
beforehand. For instance, they suggest using a C25-sign (don’t turn right/left),
or the concept entrance ramp sign “the wide”.

There were divided options regarding which alternative is preferred.

The bumps are most visible in darkness but it almost looks like arrows pointing
towards the exit ramp.

The bumpy plate was generally liked and the older driver thought it was clear
that you should not drive on it while the experts thought it needed some more

visual cues.
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e When the vehicle starts to shake it should be a clear indication that something

is wrong and that you should not continue.
Evaluation against the list of requirements

e This solution is based on physical changes at the road lane which will be
apparent even to drivers who are for instance distracted and are not
susceptible to information presented on road signage. This is the only solution
(out of the final concepts) that physically blocks these drivers.

e This solution is designed to not be noticed by drivers who are driving correctly
to minimise processing of irrelevant information. On the other hand, this
solution does not provide the driver with any information in advance and could
therefore benefit from being combined with signage or other information giving
elements.

e The physical changes can also make road maintenance difficult and obstruct
larger vehicles. It could also be difficult to perform maintenance on the solution

itself since for instance snow could get stuck.

9.6 Concept 6 — Navigation in Roundabouts

Background

Larger interchanges consisting of several roundabouts are often perceived as complex
and stressful to navigate through. Confusion can lead to additional risk of committing
WWD therefore it is beneficial to improve the navigation tools and reduce the cognitive
load. In this concept the approach was to distinguish exits from roundabouts and

describe the directions of them in a clearer way.

The first ideas for solving the problem were about assigning different colours or
symbols to each exit. It would require though that sometimes there could be at least
10 different colours or symbols used in one interchange which in the end would be less

practical than following destination signs.
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Description

In this concept each roundabout in an interchange has been assigned a letter and each
exit from a roundabout has gotten a number (Figure 35). The goal with this solution is
to make it easier for the driver to follow the signs through an interchange and enter the

motorway in the right place depending on the indented destination.

[27] KARLSKRONA

Figure 35 Schematic view of the new symbols assigned to roundabouts in an interchange (a), example of a road

sign with new symbols (b).

The schematic symbols should be introduced in advance before the interchange so
the driver can associate a symbol (e.g. “a2”) with the destination they are heading to
(e.g. “Helsingborg”). This rule would be also applied on the road signs within a
roundabout (Figure 36).

)
1 D

Figure 36 A road sign within a roundabout with improved navigation.
Older drivers’ perspective

Minimising the information needed to pass through an interchange from a road number
and a destination to a short symbol can lower the cognitive load and make complex
traffic situations easier to manage. This solution would hopefully give more confidence

to the older drivers and lower the risk of committing a WWD.
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Advantages

e A simplified navigation through complex interchanges with several
roundabouts.
e A symbol system that can be used by digital GPS services such as Google

Maps or Apple Maps.

Challenges

e High risk of confusing the drivers and increasing the cognitive load instead of

lowering it.
Evaluation with the target group

e The older driver had a hard time imagining how this solution would affect the
driving but thinks that it possibly could help in an interchange with several

roundabouts if the letter is presented in advance.
Evaluation against the list of requirements

e The sign present both possible and not possible options for the driver which
provides an easier understanding for the traffic environment. However, this
additional information could cause information overload.

e The labels for the different exits from the roundabout are presented well in
advance and are repeated which gives the driver time to spot and process the
information before making decisions. However, the labels could be confusing

for a driver since navigation is possible with both the labels and destinations.

9.7 Concept 7 — Rumble Strips

Background

According to the literature and the user studies, being confused or distracted is one of
the main reasons behind WWD. These factors are known for contributing to other road
accidents caused by e.g. ignoring or missing speed limits. In order to prevent that, it is
crucial to alert the driver by e.g. installing rumble strips that provide an audial and

haptic cue through the car.
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The question that initiated this idea was how to wake up the driver before an
interchange so they can focus on the traffic situation and avoid wrong turns? Another
challenge that inspired this solution was how to inform the driver in other than the visual

way.

Idea generation got directed quite early to different types of transverse rumble strips,
both raised and milled (Figure 37). This solution is already quite common in Sweden

and Europe and is usually being used to warn the driver and get them to drive slower

o
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Figure 37 Two main types of rumble stripes: raised (a) and milled (b).

before a toll station or a pedestrian crossing.

Description

In this concept the rumble strips are placed on roads leading to complex interchanges
(Figure 38) in order to prepare the driver for a higher cognitive load that is required to
guide correctly through the road cross. To emphasize the functionality of this solution
it is recommended to install advance direction signs to make the driver familiar with the

interchange, road numbers and destinations.

rumble strips
\
[/
"
\rumble strips

Figure 38 Suggested placement of the rumble strips in an exemplary interchange.
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Older drivers’ perspective

This solution increases the cognitive capacity of older drivers while driving through
complex traffic situations by making them aware in advance and waking them up after

driving on more monotone roads.
Advantages

e Functionality of this concept does not depend on the older drivers’ visual

impairments since it takes advantage of audial and haptic feedback.
Challenges

e Since rumble strips are usually put in the middle of the drive lane, they can be
easily worn out by the cars driving over them, road maintenance or weather
conditions. Therefore, it is important to paint new rumble strips regularly in
order to prolong their functionality.

e Another aspect is the audial impact on the surroundings that can be perceived
as disturbing. The sound that is being made by car wheels riding over the
strips is difficult to isolate and therefore this solution should not be installed

close to inhabited areas.
Evaluation with the expert panel and the target group

¢ Rumble strips are associated with lowering speed, not directly with being alert
and considering your choices.

e The experts mentioned that the rumble strips must be combined with clear
visual cues and also that they should be placed so that a driver has time to
lower their speed but also not too far away so that they start accelerating too
soon.

e The older driver mentioned that “waking up” before the interchange gives you
time to think.

e One of the experts mentioned that this solution will probably disturb most

“ordinary drivers” and would therefore not be accepted.
Evaluation against the list of requirements

e The solution is easily noticeable for drivers, but it can also be confusing since
rumble strips are normally associated with reducing speed. Reducing speed in

an interchange can however be preferable to provide more time for drivers to
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make decisions. On the other hand, reducing speed can also block an efficient
flow of traffic.

¢ Road markings such as rumble strips can be covered by snow.

e Since the road markings are placed over the road lane, they can easily wear

out due to traffic and road maintenance.

9.8 Concept 8 — Wrong-way Sign

Background

First ideas for this solution came from analysing the type of WWD that is about making
U-turns on motorways. Among the reasons behind those cases are when the driver is
getting tired of driving long distances on motorways or missing their exit (more on that
topic in Section 4.1.2.) The question was both how to remind the driver about the
direction of traffic but also if WWD has already happened how to stop the driver and

evacuate from the road lanes safely.

The sign had two sides from the beginning: the one that is turned towards the drivers
being on the correct side of the motorway and the one turned towards WW-drivers.
The “wrong” side has been developed the most: in the beginning the sign was red with
the C1-symbol in the middle (Figure 39a), then the safety recommendations were
added on how to leave motorway safely (Figure 39b) and finally the background was

changed to yellow (Figure 39c).
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e STANNA
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RIKTNING

STANNA
RING 112 RING 112

Figure 39 Three alternatives of the "wrong side": the one with the red background and C1-sign (a), the upgraded
version with text saying "wrong way, stop the vehicle, call 112" (b) and a new version with the yellow background
().

Deciding on how to pick the right recommendations was important since the space
available on the sign is limited and the risk for a serious accident extremely high. The
urgent request to stop the vehicle (swe. stanna) and call the European Emergency
Number (swe. ring 112) were picked since these are the easiest to explain and
communicate in a brief way. However, the information about driving off the road to

avoid the oncoming vehicles was missing.
Description

The sign is intended to address the problem with U-turns on motorways by giving
confirmation on, for the drivers, being on the right side of the road and by giving a
warning for drivers that are driving against the direction of traffic. They are intended to
be installed close to the places that are more exposed to the risk of wrong-way driving
such as motorway junctions, rest areas och service lanes. The signage will be placed
on both sides of the road lane which will ensure that the information will be accessible
equally for all drivers (Figure 40).
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Figure 40 Suggested placement of the "wrong-way" sign.

This road marking is designed to be seen from a distance that allows the driver to read
it in a couple of seconds (Figure 41). Given that the highest allowed velocity on the
Swedish motorways is 120 km/h, the most important information should be
understandable from 150-200 m. The vertical shape emphasises the direction of traffic
and brings the attention of the driver to the arrow that is the main visual element of the

sign.

«——90 cm —

STANNA |

| 250 cm

RING 112

Figure 41 The final design of the road sign against U-turns with the suggested dimensions.

The “correct” side is green and blue (Figure 42a) depending on the type of the road
and includes an arrow indicating the direction of traffic as well as the road number and
destination. The “wrong” side has a neon-yellow background (Figure 42b) with an
illustration urging the driver to drive off the road and stop the vehicle. This side includes
also a request to call the emergency number 112, which is one of the most important

safety measures if one has taken a wrong turn on motorway.
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Figure 42 The "right" side of the sign (a) and the "wrong" side (b).

Older drivers’ perspective

As stated before, older adults prefer to receive an information at least twice in order to
process it and to feel confident in their decisions. That is why it is advised that these
road markings should be shown frequently on a motorway, especially close to the
places that are excessively exposed for a risk of occurring WWD. The arrow and the
illustration are dominating visually which emphasise the purpose of this road marking.
It allows the order drivers to comprehend the information quickly and to confirm the
direction of traffic. The unusual shape of this road sign will also attract the attention

and awake consciousness.
Advantages

e Improved colour selection on the "wrong” side with a brighter yellow
background than in Swedish warning signs to grab the attention even better
and emphasize the extremely high risk with WWD. The background colour got
inspired by yellow-green hue on the “Austrian hand” sign (example in Section
4.3.5.3).

e The C1-sign is replaced with an illustration more relevant for the type of

warning.
Challenges

e |tis questionable whether the illustration is understandable for the older
drivers.

e The sign might get overseen by the drivers on the other side of the road.
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Evaluation with the target group and the expert panel

The green side of the sign gives you a clear indication that you are on the right
path. The experts however do not believe it would help reduce U-turns.
According to the experts, the sign should only be placed on the outside of the
road lane to not disturb drivers in the correct direction.

According to the experts, the black and red arrows should switch colours since
the oncoming cars (now black arrows) are the danger to the WW-driver.
According to the expert, this sign could benefit from only having text with a
clear message and not to use the symbols with the arrows since it could be
confusing.

The older driver though that the yellow sign was clear.

Evaluation against the list of requirements.

The visual design of this road sign fulfils the majority of the requirements such
as high colour contrasts, font size and distance between objects that should
guarantee that the information will be understood correctly by the older
drivers.

Since the text information is written in Swedish, there are concerns if the
graphical information will be enough to achieve the functionality perceived by
non-Swedish speakers.

It should also be tested whether the reflective layer on the yellow side of the
side will not lead to unnecessary glare effect.

Another aspect that should be investigated is the impact of the sign being
placed on both sides of the road lane. There is a risk that the drivers on the
opposite lane will oversee the “wrong” side of the sign and get confused.
Road signs are in general easy to assembly and disassembly in case of wider
transports being carried out on the motorway. They are also sufficient to
maintain, repair and replace, and the signposts can be recycled easily.
However, it is important to investigate whether the colour film does not contain

or emit any hazardous materials in production, usage and end-of-life stages.
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9.9 Concept 9 — Side Line Arrows

Background

As it was mentioned before, reminding the older driver about the current direction of
traffic might help to prevent the U-turns on motorways. This can be achieved by
introducing new type of signage (Concept 8 — Wrong-way Sign) or improving the

existing road elements such as road marking.

Side lines are one of the fundamental road markings that are common in all European
countries. They can indicate whether it is allowed to park or not, where to take a turn
or determine how wide a road lane is. In this concept, side lines were developed to

show the direction of the traffic on a given road lane.

The idea of improving existing side lines begun while trying to analyse the elements
that are the closest to the centre of the field of view while driving a car since these are
the easiest to scan for the older drivers. Sidelines are often close to middle of that field,
especially when the driver is looking further to scan the environment, to estimate the

distance to the next car and to plan the next manoeuvre.

Different colour and form variants were proposed initially to represent different
approaches of addressing this issue. In the first variants (Figure 43), the left-side line
and right-side line had different colours which hopefully could help the driver to identify
the direction of traffic because the pink line would always be on the right side of the
vehicle. If the driver would see the pink line on the left side of the vehicle it would mean
that they were driving against the direction of traffic. However, the evaluation of this
idea showed that it would be unnecessarily complicated and in the best case ignored

by the driver.

Figure 43 Different form and colour variants of the side lines in the first iteration of the idea.
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Further iterations instead lead to side lines improved with different types of arrows
(Figure 44) that clearly show the direction of traffic. This idea was also chosen to be

proceeded with in the concept creation phase.

Figure 44 Different types of arrows that could improve the existing side lines.
Description

The new side lines are improved with arrows that will be repeated every 1 km on
motorways and roads with separated road lanes (Figure 45). The arrows will remind
the driver about the direction of traffic and help them to concentrate even if they have
missed their motorway exit. It is important to mention that the arrows will not be visible
in places where there is possible to choose another direction of travel, e.g. close to the
exit or enter ramps.

arrows

Figure 45 Side lines with a series of three arrows on each side of the road lane.
Older drivers’ perspective

This concept has been developed in response to the needs of older drivers. The new
side lines are still white, with high level of reflectivity to guarantee a high contrast no
matter the time of the day, all year round. One of the main benefits is the reduced risk

of U-turns on motorways which can be achieved by regularly repeating the direction of
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traffic. Another example of the adjustment is the size and the distance between the

arrows. Each arrow should be easy to distinguish when the side lines are observed

within the field of view, from a longer distance. They should also be painted in parallel

on both sides of the road to provide a visual cue, even within the peripheral field of

view.

Advantages

Compared to road markings painted in the middle of the road line, side lines
are less exposed to the risk of wear from tires and snow clearance machines.
This solution is flexible and easy to implement on a bigger scale with existing
road paint and machines.

Many modern cars can scan the side lines to keep the vehicle in middle of the
road lane. It gives a possibility to introduce a new function where the cars will
be able to detect the direction of traffic and stop the driver from making a U-

turn.

Challenges

It should be investigated how the weather conditions impact the functionality of

this solution e.g. if the sidelines tend to be covered by snow during the winter.

Evaluation with the target group

The arrows give a clear indication you are driving in the correct direction.
Side lines are not something you directly think about while driving. However, it

can be very disturbing if they are missing.

Evaluation against the list of requirements

The solution gives clear information on the intended direction of traffic.
However, it is not located in the centre of the field of view and can therefore be
missed by the driver.

Road markings can be covered by snow which makes it an uncertain solution
in wintertime.

Road markings must be maintained due to wear and tear. However, compared
to placing road arrows in the middle of the road lane the side lines are more

long lasting.
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Guidelines for
road design

Adjusting the road infrastructure for older drivers’ needs to prevent WWD should be
done in several different areas. Therefore, a set of guidelines for design of road
infrastructure have been formulated as a complement to the nine concept solutions
presented in Chapter 9. The guidelines are divided into different categories and are
presented in Table 12. Apart from preventing WWD, some of the guidelines can also

be applied to other parts of the road infrastructure.

Table 12 Guidelines for road design to prevent wrong-way driving with a focus on older drivers.

General design of interchanges

Lightning posts should be placed to minimise glare.

Minimise distracting lights.

Minimise distracting elements in the road environment to minimise cognitive load.

The most important information should be most apparent in the road environment (especially in
complex road environments) to compensate for older drivers’ reduced peripherical view and selective

attention.

Important visual information should have clear colour contrasts.

Road markings should be three times brighter than the road surface for older drivers to see them

properly.

Signage and road markings should be maintained to be visible all year round.

Interchanges should be designed to enable a good overview of the traffic environment.

98



Andersson & Mielcarek Chalmers University of Technology

Reduce complexity in interchanges regarding road geometry and placement of signage etc.

Avoid placing entrance and exit ramps next to each other to prevent wrong turns onto the exit ramp.

Entrance and exit ramps should be designed to be easily distinguishable from each other.

Call attention of drivers in places with higher risk of WWD.

Right angle connections (illustration to the left) are preferable compared to tangential connections
(illustration to the right) since they give a better overview of the traffic environment and requires less

physical effort such as turning the head.

right angle tangential
connection connection

/ /

Interchanges should be well-lit to improve navigation and overview of the traffic environment.

Design interchanges to make wrong turns as difficult as possible and to make correct turns as easy

as possible.

When possible, minimise possible navigation options to reduce cognitive load.

Exit ramps should be wide enough for two vehicles to fit next to each other in parallel so that a possible

WW-driver can get out of the way.

Lower speed limits through interchanges to minimise time pressure and stress to allow for more time

to make decisions.

Guiding correct turns

Design entries to roundabouts with a traffic island and road lines that guides a turn to the right (see

the illustration) to avoid a wrong left turn into the roundabout that could cause a wrong turn onto an

exit ramp.
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guided
turn to
the right

Wrong turns should be sharp to not be inviting.

To simplify left turns, use guiding road lines.

guiding
lines

Placement of signage

Signage should be placed as close to the centre of the field of view as possible (alternatively they
should be visible from far distance).

Place signage well in advance and repeat the information several times to reduce cognitive load,

reduce stress and to give good enough time to make correct decisions.

Place signage closer to the ground since older drivers (as well as drunk drivers) tend to see lower
placed signage better.

Older drivers can have difficulties estimating placement of signage in relation to other road elements

such as crossing roads. Signage should therefore be placed accordingly.

Avoid placing signage with different information close to each other to reduce risk of confusion.

Place direction signage inside roundabouts, especially for larger roundabouts, to reduce cognitive

load.
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Design of signage

Make signage bigger to make them more visible.

Symbols and text on signage should be big, clearly separated and have sharp edges to be clearly

visible.

Visual elements on signage should correspond to the physical road environment as good as possible.
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Discussion

In this chapter, aspects of the thesis work, such as the complexity of WWD, the process
and results are discussed. Finally, ethical concerns and connections to sustainability

goals are presented.

11.1 The Complexity of Wrong-way Driving

As presented in this report, the topic of WWD is complex and can be the cause of
several different factors in both the road environment and the driver. In addition, it is
often difficult to investigate exact reasons behind a specific incident since the WW-
driver must survive and be able to remember what happened which is often not the
case. In addition, there is little data on WWD in a Swedish setting. Therefore, many
assumptions have been made based on research from other countries and in
connecting fields such as cognitive ergonomics, Swedish regulations on road

infrastructure and by investigating driving habits among Swedish older drivers.

Apart from the complexity of WWD and the varying factors behind it, the road
environment system is complex and shifting due to site-specific conditions. Therefore,
there is not one universal solution that can prevent WWD in all situations at all
locations. The result of this project was therefore several types of solutions with
different ways of preventing WWD which could be implemented at different locations.
This is also the reason why no recommendations of “a final best solution” has been

made but rather reflections on positive and negative aspects with each concept.

Another aspect of solutions to prevent WWD is how large changes can be made in the
road infrastructure with the sole reason to prevent an issue that is relatively small

(however often with severe consequences). The road environment has many different
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functions and is used by many different road users. Therefore, it is important to
consider how different changes can affect other road users or other parts of the road
as well as to consider which compromises in comfort could be made with the purpose
of avoiding severe accidents. A solution that is designed to hinder a WW-driver could
also be disturbing to an ordinary driver. A solution that is designed to call attention of
a WW-driver in the opposite direction of traffic could be confusing to a driver in the
correct direction. A solution that is designed to be visible to older drivers could be more
difficult to view by a younger driver. All in all, it is important to consider that a solution
that is supposed to reduce one issue for one group of drivers does not cause other

issues for other drivers.

Instead of focusing on preventing accidents resulting from WWD, which is a common
approach as can be seen in Section 4.3, this project focused mainly on preventing
WWD from occurring in the first place. This approach was selected to bring a new
perspective to the area of WWD but also to be able to solve the cause of the problem
rather than the effect of it, which is something that differentiates this study. However,
this strategy is thereby less proven, and the design concepts are more speculative with
less predictable effects. The concept solutions are rather theoretical and indicates a
direction rather than being implementable in their current state since no practical
testing or evaluation has been made. To connect back to the complexity of WWD, it
can however be difficult to test these types of solutions in practice since WWD is

uncommon.

11.2 The Process and Methods

The selection process of design concepts

In this project, the goal was to propose different ways of preventing WWD by creating
several different concept solutions. Working towards presenting different solutions that
can be implemented for different situations have impacted the selection process during
the concept development since the goal was not to develop one final best solution.
Instead of comparing different solutions to each other, the focus of the selection
process was rather to narrow down the solution space and continue working on

solutions with different focus to get a variety of concepts in the end.
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User studies

Recruiting participants for user studies was a challenge in this project. One issue was
how to contact older individuals, which as a group, is generally not very active on digital
platforms. Therefore, they had to be contacted in other ways which in this study was
through senior associations. An issue with this was however that the boards of the
associations were difficult to get hold of and where generally hesitant to forward the
digital survey and invitations to the study or to help gathering participants among their
members. Instead, recruitment of participants for the interviews were made on site at
the location and day of the scheduled interview and participants were thereby selected
by being the ones who signed up that day. A result was that the group of participants
was rather small and the sample was less controlled. In addition, some alterations in
the interview guide had to be made for the second shorter interview since the
participants were not available for participating in a full-length interview. To get more
survey respondents, the survey was shared in a Facebook group for older adults which
also was less controllable in terms of respondents. However, although limited, the user
resulted in valuable insights for the project that provided a deeper understanding of the

problem.
The target group

A consideration during the project has been the definition of the target group “older
adults” or “older drivers”. When conducting research, different sources has stated
different ages to define what an older adult is and could vary from 55+ to 80+ years
old. In addition, there are large differences between different individuals (Fisk &
Rogers, 1997) although there are some general tendencies that certain functions are
affected by aging. Therefore, it was difficult to define a specific age range when
defining the user group since there could for instance be a 65-year-old with reduced
field of view and an 85-year-old with perfect eyesight. Instead, the project focused on
different factors and abilities connected to driving that can be affected by aging and
could be relevant to some individuals but irrelevant to others. On the other hand, when
recruiting participants for the user studies, an estimation of age had to me made to
have some basis for selection. An assumption was made that seniors are more likely
to have personal experiences relevant to the study or know others with these

experiences.
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11.3 Results

One of the goals in this project was to deliver several solutions characterised by high
variety and level of innovation, both within and outside the current regulations, which
also requires more work than developing one, final concept. The scope of the project
was limited by available time and resources which influenced the level of inclusion of
users as well as testing and validation possible within the project. Therefore, findings
should be interpreted as indicative rather than generalisable. The results of this thesis
work are supported by a thorough literature study and user studies, but further user
testing on physical or digital prototypes would be valuable to evaluate and validate the

proposed solutions in real-world conditions.

The idea generation process has resulted in many innovative solutions that e.g.
explored introducing new colours and forms to the road sign system. However, as the
concept development process proceeded, the ideas got gradually more similar to the
existing road elements. It was a conscious decision since the current colour system
used on the road signs is well-known, easy to recognise and characterised by good
contrast values. Swedish road sign font Tratex is also an excellent tool to communicate
visually, with clear distances between the elements and high recognition among older
drivers. Changing the font or colour palette drastically could be perceived as confusing
or non-intuitive by the target group. Even other objects such as rumble strips or speed
bumps were selected considering existing products since their installation and

maintenance have already been tested in Sweden.

11.4 Fulfilment of Sustainability Goals and Ethical
Concerns
This project was defined and conducted having both sustainability and ethical issues

in mind, referring to specific UN Sustainable Development Goals that are described

more thoroughly in Section 1.6. Execution of the goals will be presented below:

e Goal 3 - fulfilled: Results from the project present a set of solutions and design
guidelines that adjust the road infrastructure around motorways to older

drivers’ cognitive and physical needs. Applying these measures can not only
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help to prevent WWD but also lower the risk for other severe accidents where
older adults might get injured. In addition, WWD committed by older drivers
are also setting other road users in danger which emphasize the fact that
inclusive design usually benefits more people than only the target group.

e Goal 10 — fulfilled: The problem with social exclusion of older adults and their
loneliness have been addressed throughout the project, showing the question
of older drivers’ safety in traffic in a broader picture. Results from the user
studies (Chapter 7) show that being able to drive a car in places where access
to public transportation is limited, is crucial for older adults to take care of their
social connections with friends and family. It allows them to stay active,
practice their hobbies and feel relevant. Moreover, findings from the literature
study acknowledge that older adults are not a homogenic group and difference
in cognitive and physical abilities between the individuals are significant. That
was the reason why the target group in this project is not defined by age and
why current regulations regarding driving license were not questioned, by e.g.

proposing a certain age limit when the license would be withdrawn.

Another important ethical issue in this project was related to conducting user studies
on how aging processes impact driving skills, which is a delicate subject that touches
both physical and cognitive abilities of every individual. Therefore, the real goal with
the user studies was reformulated while recruiting the participants. The title of the
survey invited participants to share their opinions that could be useful in improving the
road infrastructure rather than to tell their perception of how ageing impacts their vision
or hearing. The interviews were also conducted with focus around the road
infrastructure through asking questions about how the older adults perceive driving on
different types of roads or understanding different road signs rather than asking them

directly whether they have noticed any changes in their driving abilities over time.
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The aim of the thesis work was to develop solutions that can prevent WWD on Swedish

roads with a special recognition of older drivers’ information needs. The problem was
investigated from a systems point of view to ensure that relevant aspects was
considered. During the project, decision making processes in a traffic environment
among older adults was investigated along with how the road environment is designed
as well as of underlying causes for WWD. Based on this, nine design concepts with
different focus and a set of guidelines for road design was developed which represents

solutions that accommodate the needs of older drivers to prevent WWD.

Apart from developing new solutions, this project has also contributed with a new
perspective on how to tackle the problem of WWD by focusing on how to prevent WWD
in the initial phase rather than minimising severe effects of it. In addition, some of the
concepts are designed partly outside current regulations, such as the entrance ramp

sign and the side line arrows, which brings a new perspective to road design.

It is recommended that proposed design concepts and guidelines are seen as a part
of the road infrastructure systems rather than independent solutions. It is unlikely that
small adjustments such as only implementing one solution or one guideline
independently can make the difference required to prevent WWD in all contexts since
WWD is a complex issue set in a complex environment. Therefore, it is recommended
to implement different solutions dependent on the specific situation and location to

ensure the best possible effect.
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When it comes to how aging affects driving abilities:

Older drivers are generally experienced and safe drivers.
There are general tendencies in how the cognitive and physical abilities are
affected by aging processes, but they depend strongly on each individual’s
predispositions.
Some factors generally affected by aging are cognitive factors such as
information processing, attention, distractibility, stress and reaction time as
well as physical factors such as the ability to turn the head, colour vision,
visual acuity, a decreased field of view and that older drivers often tend to
focus their eyes closer to the ground. These factors can affect:

o Decision-making in traffic.

o Perceiving, reading and understanding of signage.

o The ability to scan and perceive the road environment and the traffic

situation.

When it comes to WWD and preventative measures:

WWD is a complex issue which can occur in different places and due to
several different factors or combination of factors. Often there is a
combination of human factors, how the road environment is designed as well
as external factors.

Examples of human factors are distractions, difficulties with navigation, the
current mental state of the driver as well as if there is a passenger in the car
that can help the driver detect mistakes.

For road design, the overview of the road environment and the traffic
situation, perceiving and understanding of signage as well as placement and
design of ramps is important.

External factors are often related to visibility conditions and the traffic
situation.

It can be difficult to implement new solutions in the road infrastructure since
many parts have been looking the same for a long time and since a solution

should cooperate with many different road elements.
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e Although doing visual changes in the road environment might be less effective
to affect WW-drivers, physical changes are generally more difficult to

implement and might also harm other road users.

When it comes to older drivers’ information needs in road infrastructure to prevent
WWHD it is important to:

e Present information in a clear way, both visually and information-wise, as well
as repeating it.

e Provide good enough time for drivers to make correct decisions.

¢ Reduce the complexity of the road environment and prioritise to show the
most important information.

e Reduce the cognitive load of drivers.

e Design the road environment so that it is easy to drive correctly and difficult to

drive incorrectly.
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Suggestions for

future work

Following recommendations were made in order to apply the results of the thesis work

in reality and to continue the developments of the proposed solutions:

More data about the WWD cases should be collected including details about
the course of events and the driver in each case. This data should be used to
identify places where WWD is more likely to happen. These places should be
observed and investigated to give more local context for different solutions
that were presented in this paper.

A larger user group should be recruited that would include people in different
ages and living in both rural and urban parts of the country. Together with
testing the solutions through physical and digital prototypes it would help to
find the aspects that need to be developed in the future.

Experts from other fields than industrial design engineering should be involved
in the development process to address the technical issues with the
installation and maintenance of the solutions in the road environment. The
design guidelines should also be revised by the wider group of experts to

translate them into concrete actions that can improve the road environment.
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Appendices

Appendix A

Interview guide

¢ Introduce participants to the study
o Explain what the purpose of our project is without revealing that older
adults are the object of the study

o Introduce the topic, what is wrong-way driving etc.

O

Explain how the collected data will be handled (with respect to integrity)

Introduce participants to how the discussion will be conducted

o

o Hand out agreements that the participants will sign, inform them about
their rights to ask question, stop/leave the study
e Block 1
o Warm up: how often do you drive on a motorway? Why? What are your
experiences?
= When driving on a motorway: you miss an exit. What do you do?
= If they ever had any issues with entering motorways?
o When do you drive/don’t you drive? Why?
= Weather conditions, season, time of day etc.
= How they adjust their driving according to it
o Mediating object (e.g. a picture of a traffic interchange, or a scenario)
= Goal with this exercise is to make it easier for the participants to
imagine a possible scenario and think about their behaviour in a
given context.
= How would you manage a situation at a traffic interchange?
= How do you get your information? (Signs, road marks,
passenger etc.) What do you prefer?
o Fika-break
e Block 2
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o Go through different channels of information (GPS, signs, road marks,
road geometry, other drivers, passengers etc). What do they think
about them?

o Do you face any other challenges when driving? How do you manage
them?

= Stressed by other road users?
= How they navigate
e Conclusion
o Summarise the discussion and the participants’ opinions
o Tell the participants how we are going to work on the topic further

o Ask them if they want to participate in the future
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Appendix B

KJ-analysis
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Appendix C

Evaluation matrix

Requirement

Clarity

Difficult to select
colurs (eg. red

Visibility

1 | could feel as stop
and blue for

Sustainability

police etc). A new
type of

NN o Guidance

information that
-1 | doesn't exist

och
avfartsramper -
firg pé

Attracting
attention

today can take
time to

1 learn/understand.
Unless you know

vdgbanan

the meaning, it is

Potential cost 1 hard to interpret
the solution

Innovation 1

Other road

elements -1

Final score 0

Chalmers University of Technology

Requirement

Clarity

Grade
(+/0/-)

Skilja pa pa-

och
avfartsramper
- sidolinjer

Difficult to see
colours, difficult
to see in bad

Visibility -1
weather
o conditions,
Sustainability -1 questionable
guiding effects,
Guidance 1 | subtile solution.
Attracting
attention 1
Potential cost 1
Innovation 1
Other road
elements 1
Final score 2

Grade
Requirement Requirement (+/0/-)
Clarity 1 | Colour choice Clarity 1
and placement
Visibility 1 | isimportant Visibility 1
Sustainability 1 Sustainability 1
L. Guidance 0 L. Guidance 1
Skilja pd pa- och Skilja pé pa-
avfartsramper - ) och .
markeringsskédrmarn AttracFlng avfartsramper AttracFlng
a attention 0 - Skyltar attention 0
Potential cost 1 Potential cost 1
Innovation 1 Innovation 1
Other road Other road
elements 0 elements 1
Final score 5 Final score 7
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Requirement

Chalmers University of Technology

Requirement

Clarity 1b and 1d Clarity 1| Content of the
signs can be
Visibility 1 Visibility 1 | adjusted. May
not attract
o o attention of
Sustainability 1 Sustainability 1| stressed WW-
drivers. Should it
Guidance 1 Guidance 0 | be placed on
o both sides of the
orfdltvégvisar ..
) Attracting U-svingar | Attracting lane?
attention 0 attention -1
Potential cost 1 Potential cost 1
Innovation 0 Innovation 1
Other road Other road
elements 1 elements 1
Final score 6 Final score 5

Requirement

Clarity

Pil I vdgbanan

Mjust be
combined with
other

Visibility -1 .
information.

Sustainability -1

Guidance 0

Attracting

attention -1

Potential cost 1

Innovation -1

Other road

elements 1

Final score -1
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Requirement

Clarity All different
driving options
Visibility _1 | cannot be.
showed since
S there would be
Sustainability 11 too many lines.
The absence of
Guidance 1| lines for all could
Ledlinier i therefore be
e i confusing
végbanan AttracFlng
attention 1
Potential cost 1
Innovation -1
Other road
elements 0
Final score -3
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Grade

Requirement Requirement (+/0/-) Notes
Clarity If these signs are Clarity
placed over each
Visibility 1 | entry it could be Visibility 1
distracting.
Sustainability 0 Sustainability 0
Guidance -1 Guidance 1
. i Upphéjda .
L[l Attracting Kanter Attracting
attention 1 attention -1
Potential cost 1 Potential cost 1
Innovation 1 Innovation -1
Other road Other road
elements 0 elements 1
Final score 4 Final score 2

Requirement Requirement

Clarity Clarity 1| Existsinsome
places, but
Visibility 1 Visibility 1| shouldbe
implemented in
o o more places.
Sustainability 1 Sustainability 1
Guidance 1 Guidance 1
Skylt d
aktue};lac/’/rnrglftuell i Ve i
4 Attracting & finae f el Attracting
avagar attention 0 attention 0
Potential cost 1 Potential cost 1
Innovation 0 Innovation -1
Other road Other road
elements 1 elements 1
Final score 6 Final score 5
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Grade
(+/0/-)

Grade
(+/0/-)

Requirement Notes

Requirement

Skyltar i olika
former

Requirement

Trafikplats
rondell 2.0

Clarity Providing
information for
Visibility 0 the driver
(signage) is a

A challenge

Sustainability 1

Guidance 1

Attracting

attention 0

Potential cost -1

Innovation 1

Other road

elements -1

Final score 1

Skyltar som

finns vid
infarter till
tunnlar

Clarity Clarity -1| The different
options for the

Visibility 1 Visibility 1| roundabouts

needs some

extra thought.

Sustainability 1 Sustainability 1

Guidance -1 Guidance -1

Namn/nummer/fér

Attracting gpéavfarti Attracting

attention 0 cirkulationsplatsen | attention 0

Potential cost 1 Potential cost 1

Innovation -1 Innovation 1

Other road Other road

elements 1 elements 1

Final score 2 Final score 3

Requirement (+/0/-)

Clarity Consider
placement.

Visibility -1

Sustainability 0

Guidance 1

Attracting

attention 1

Potential cost 1

Innovation 1

Other road

elements 1

Final score 5
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Requirement

Requirement

Clarity Not possible to Clarity 1
go back to
Visibility o | secondary road Visibility 1
from the
o interchange o
Sustainability 1| without entering Sustainability 1
the motorway.
Guidance 1 Guidance 1
Trafikplats . chgkoc::( it .
cloverleaf 2.0 Attracting utstrac .tS YIti | Attracting
attention 0 korsningar | attention -1
Potential cost -1 Potential cost 1
Innovation 1 Innovation 1
Other road Other road
elements -1 elements 0
Final score 1 Final score 5

Requirement Requirement

Clarity Can impair Clarity

visibility of other
Visibility o | road users. Can Visibility 1
be difficult to
o interpret the o
Sustainability 1 arrow. Sustainability 1
Guidance -1 Guidance 1
Utnyttja . .
bléndskydd  [ANGESUL Kantstolpar | WNSIEYai:

attention 1 attention -1

Potential cost 1 Potential cost 1

Innovation 1 Innovation 0

Other road
elements -1

Other road
elements 1

Final score 1 Final score 5
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Requirement

Clarity 0 | Clear for drivers
seeing it from
Visibility _1 | the correct angle
but can be
o unclear for other
Sustainability -1| 4rivers. Can be
difficult to see in
Guidance 1 darkness.
Requires more
Vdgillusioner | Attracting maintenance
attention 1 than regular
road marks.
Potential cost 1
Innovation 1
Other road
elements 1
Final score 3

Requirement

Clarity -1| Speedbumps
are mostly used
Visibility 1| todrive over
them and make
- people lower
Sustainability 1| their speed, not
to hinder people
. . Guidance -1 from driving
Hma!er for attf there.
undvika felaktig )
hégersving - Attracting
farthinder attention 1
Potential cost 1
Innovation 1
Other road
elements -1
Final score 2
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Extra ramp pa
pdfarten

Hinder for att
undvika felaktig
hégersving -
refug
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Requirement

Clarity Could be
improved with
Visibility 1| suidinglines.
Must be a sharp
s connection for
Sustainability 1 righ way drivers
not to turn
Guidance 1| there. Could be
difficult to
Attracting notice by a
attention o| confused WW-
driver.
Potential cost -1
Innovation -1
Other road
elements 1
Final score 3

Requirement

Clarity

This solution
should guide the
driver in a more

Visibility 0
unconscious way

Sustainability 1
Guidance 0
Attracting

attention 0
Potential cost 1
Innovation -1
Other road

elements 1
Final score 3
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Grade
(+/0/-)

Requirement

Notes

Chalmers University of Technology

Grade

Requirement

(+/0/-)

Notes

Clarity Things placed in Clarity 1 | Sand/stones can
a roundabout spread and
Visibility o| can be difficult Visibility _1| make the road
to spot since surface
the view can be "slippery". The
Sustainability 0| plocked until Sustainability -1 bumpy surface
you are "too can be harmed
. . Guidance 1| close"tosee Hinder fér att Guidance 1 by ice. The
Hinder for att them. Road undvika felaktig solution doesn't
hbjgcilril\(/gig W Attracting spikes are not hégersviing - Attracting attract attention
. attention 1| commonon snad/grus/bucklig | attention o | beforehand, but
vdgspikar Swedish roads. yta if they drive
. . onto it, they will
Potential cost 1 Potential cost 1 notice.
Innovation 0 Innovation 0
Other road Other road
elements 0 elements -1
Final score 4 Final score 0

Grade
(+/0/-)

Requirement

Clarity

Good visibility
in darkness, but
poor visibility in

Visibility -1
daylight.
o Doesn't work
Sustainability -1 well during
winter time.
Guidance 1
Guidade
lampor i Attracting
vdgbanan attention 0
Potential cost -1
Innovation 1
Other road
elements 0
Final score 0

Stopplinje/vdjningspli

kt i annan firg
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Requirement

Clarity

Visibility 1
Sustainability -1
Guidance 0
Attracting

attention 1
Potential cost 1
Innovation 1
Other road

elements 0
Final score 2
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Requirement Requirement Notes
Clarity The roadway Clarity 1 The haptic
might have to be feedback could
Visibility 1 | broadened to fit Visibility 0 be cobined
a traffic island. with a visual
"warning".
Sustainability 1 Sustainability 1
Guidance 1 Guidance 0
Uppmdrksamm
. a distraherade )
Attrac.tlng forare/haptisk Attrac.tlng
attention 0 feedback attention 1
Potential cost 1 Potential cost 1
Innovation -1 Innovation 0
Other road Other road
elements 1 elements 1
Final score 5 Final score 5

Requirement

Requirement

Clarity Can disturb Clarity 1| Thearrowsin
traffic flows. alt. 2 could
Visibility 1| Cantakeupa Visibility 1| perhapsbe
lot of space. misinterpreted
as lane arrows.
Sustainability 1 Sustainability 1| A stresses WW-
driver will
. Guidance -1 Guidance 1| perhaps not
U;;;?r:lar:sarzma —— notice this. The
istraherade antlinjer i :
férare/farthinder/chik Attracting olika farger Attracting r(r:a;(: (Ijlinrzsctalre
i attention 1 attention -1 . \
noticed by
drivers and are
Potential cost 0 Potential cost 1 pnot located in
the middle of
Innovation -1 Innovation 0| the visual field.
Other road Other road
elements -1 elements 1
Final score 1 Final score 3
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Requirement

Clarity Can the sign
negatively impact the
Visibility 1 | energy absorbance of

the barrier?

Sustainability 1

) Guidance 1
U-svdngar fran

servicefickor

Attracting attention 1

Potential cost 1

Innovation -1

Other road elements -1

Final score 4

128



Andersson & Mielcarek Chalmers University of Technology

Appendix D

Results of the function analysis

Road signs

Road marks (on the

roadway)
Function Limits Class Priority Function Limits Class Priority
(verb + noun) (measurable) (MF/ Necessary (verb + noun) (measurable) (MF/ Necessary
PF/SF) Desirable PF/SF) Desirable
Worth considering Worth considering
Unnecessary Unnecessary
to inform a driver = TSFS2019:74 MF Necessary to inform a driver = TSFS 2010:171 MF
(and the
updates)
regulates the to distinguish from » roadway is SF Desirable
size and position the background usually black
of the sign + waather
conditions can
impact
to alert a driver = varningsskyltar PF Necessary « lighting
about a possible « ayellow triangle conditions can
danger pointing impact
upwards with a
red outline.
« ugually & black to separate « sidelines/ PF Necessary
icon roadways centerfines
representing the
danger. to close an area on « spdrromrade PF Necessary
a roadway
to distinguish from SF Desirable to give directions « sidelines/ PF Necessary
the background centerlines/
merge arrows
to be visible in the . eg. SF Necessary « road numbers
darkness retroreflective
signs acording to guide the driver/ - sidelines/ PF Necessary
to TSFS2019:74 to limit the roadway centerfines
to direct traffic « pabudsskyitar PF Necessary 10 organise/give « stop lines/give PF Necessary
flows * ablue, round priority to different way lines
sign with a white traffic flows
icon and outline
to prohibit drivings « stop lines/give PF Necessary
to organise/give « vijningspliktsméa PF Necessary way lines
priority to different rken
traffic flows
to guide different « lines for cyclists, PF Necessary
types of road users road drivers,
to prohibit drivings « farbudsskyitar PF Necessary busses,
= ayellow/blue pedestrians
round sign with
a red outline and
black icon to inform about = e.g. BUS/ PF Desirable
about a road type/ SCHOQOL/Road
element number/Speed
to inform about * anvisningsméirke PF Necessary limit
about a road type/ n + Parking lots
element « always have a
sign introducing
and ending the 1o give a tactile SF ‘Worth considering
part of the road feedback
= rectangular
signs
to be visible in the SF Necessary
darkness
to inform all road » both Swedish MF Desirable
users and international
drivers
= no matter age
to provide safety on MF Necessary
aroad
to provide an SF Desirable
information clearly
to give unified PF Desirable
information
together with other
road elements
to give directions « lokaliseringsmér PF Necessary
ken
to give feedback « reactive signs SF Worth considering
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Traffic lights Verge
Function Limits Class Priority Function Limits Class Priority
(verb + noun) (measurable) (MF/ Necessary (verb + noun) (measurable) (MFf Necessary
PF/SF) Desirable PF/SF) Desirable
Worth considering Worth considering
Unnecessary Unnecessary
to regulate traffic MF Necessary to safely stop the = emergency lane MF Necessary
flows vehicle in case of (not parking)
emergency
to reduce speed SF Desirable
to enable driving « cyclists, MF Necessary
outside of the lane mopeds,
to organise/give MF Necessary pedestrians (not
priority to different on a motorway)
traffic flows
to make the driver = grooves at the SF Desirable
pay attention to the edge of the lane
ending of a road
Roadway Lighting
Function Limits Class Priority Function Limits Class Priority
(verb + noun) (measurable) (MF/ Necessary (verb + noun) (measurable) (MFf Necessary
PF/SF) Desirable PF/SF) Desirable
Worth considering Worth considering
Unnecessary Unnecessary
to guide a driver MF MNecessary to provide the driver MF Necessary
with surrounding
light
to carry load from MF Necessary
traffic
to make the road MF Necessary
elements more
to connect road PF Necessary visible
elements
to make other road PF Necessary
to organize traffic PF Necessary users visible
flows
to increase safety SF Desirable
to connect different MF Necessary
destinations
to help the driver MF Necessary
navigate
to harmonize with SF Worth considering

the surroundings
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Barriers Side areas
Function Limits Class Priority Function Limits Class Priority
(verb + noun) (measurable) (MF/ Necessary (verb + noun) (measurable) (MFf Necessary
PF/SF) Desirable PF/SF) Desirable
Worth considering Worth considering
Unnecessary Unnecessary
to separate traffic = center barrier MF Necessary to drain the MF Necessary
roadway
to prevent cars from = side barriers MF Necessary
going off the road to improve vi = make oncoming MF Nexessary

traffic visible

to guide a driver PF Desirable
to isclate wildlife « viltstangsel SF Desirable

from the road area
to take kinetic PF Mecessary

energy from a crash

to hinder light from SF Worth considering

the oppaosite

vehicles

Surrounding area Traffic island

Function Limits Class Priority Function Limits Class Priority

(verb + noun) (measurable) (MF/ Necessary (verb + noun) (measurable) (MF/ Necessary

PF/SF) Desirable PFISF) Desirable

Worth considering Worth considering
Unnecessary Unnecessary

to avoid in some cases there SF Desirable to separate MF Necessary

distractions are requirements on different roadways

what is allowed
along the road

to guide the driver PF Necessary
to make the visual SF Desirable
impact of the road ta close some parts MF Necessary
smaller in the local of “"_e roadway from
environment traffic

to physically hinder SF Desirable

to absorb noise SF Desirable

from traffic vehicles driving in a

non-intended way

to hinder vehicles MF Necessary
from exiting the
intended lane
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Road posts

Function
(verb + noun)

to inform on
direction of traffic

to show dimensions
of road

to inform on speed
of traffic/type of
road

to help assume the
distance between
vehicles

to identify the road
side

to guide a driver

to identify different
road sections

Limits Class
(measurable) (MF/
PFiSF)

= TRVINFRA-0039 MF
6
« K237873:
Reflective
rectangle on
right side and
two circles on
the left side on
two-way road.
K237874:
Reflective
rectangles on
left and right
side visible
along correct
driving direction.

.

when the road is MF
covered with

snow

in darkness

= infog

50 m on regional PF
roads

100 mon

motorways

sometimes 25 m

in curves

.

PF

PF

SF

= yellow indicates PF
acrossroad

« white is used
along roads

Priority
Necessary
Desirable

Worth considering
Unnecessary

Necessary

Necessary

Desirable

Necessary

Necessary

Desirable

Worth considering

132

Roundabaout

Function
(verb + noun)

to manage crossing
traffic flows

to reduce speed on
a road section

to avoid stops next
to aroad crossing

to make oncoming
traffic visible

to guide driver to
the right exit

Chalmers University of Technology

Limits Class
(measurable) (MF/
PF/SF)
MF
+ 8223 PF
PF
= TRVINFRA-00 PF
3969.2.2.2:
road users
driving into/next
to the

.

roundabout in
the close by the
nearest entry/
exit should be
visible

signs describing PF
exits

geometry

suggesting the

right side of a

roadway

Priority
Necessary
Desirable

Worth considering
Unnecessary

Necessary

Necessary

Desirable

Necessary

Necessary
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Ramps Crossroad
Function Limits Class Priority Function Limits Class Priority
(verb + noun) (measurable) (MF/ Necessary (verb + noun) (measurable) (MF/ Necessary
PF/SF) Desirable PF/SF) Desirable
Worth considering Worth considering
Unnecessary Unnecessary
to increase speed = entrance ramp PF Necessary to enable vehicles MF Necessary
of the vehicles to travel through

crossing roads

to enable vehicles = entrance ramp MF Necessary
to enter a motorway « free sight on the to enable vehicles MF Necessary

vehicles on the to turn onto another

motorway road
to decrease speed = exit ramp PF Necessary to organise/give + eg.vehicles SF Desirable
of the vehicles priority to different from small

traffic flows secondary roads
must stop for

to enable vehicles = exitramps MF Necessary vehicles on

to exit a motorway primary roads

to provide a safe = entrance ramp PF Desirable

to manage crossing PF Desirable
entrance to the of different types of
motorway road users
;o enter the traffic = entrance ramp PF Desirable to enable safe travel SF Necessary
low in a

X through crossroad
harmonized way

to guide the driver SF Necessary
to provide a safe = exitramp PF Desirable onto the right lane
exit from a
motorway
to exit the traffic = exit ramp PF Desirable
flow in a

harmonized way
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Appendix E

List of requirements.

Category Requirement description Necessary/Desirable | Note

Cognitive Inform the driver on how to drive N

Provide the driver with congruent

Cognitive information N
Minimise non-congruent Solution should not confuse the users

Cognitive distractions N or use their attention unnecessarly
Language(s) of the verbal information,
accomodating needs of users with

Cognitive Information should be universal D differen impairments

Cognitive Road lanes should be separated D

Cognitive Clearify the direction of driving N

Guide the driver within the

Cognitive designated lane N

Encourgaes the driver to stick to

Cognitive speed limits D

The attention of the driver should

Cognitive be called at interchanges D

Ensure feeling of safety in

Cognitive interchanges to minimise stress

General Prevent the driver from WWD

Maintenance | Enable easy maintenance

Maintenance | Enable easy reparation

Maintenance | Enable easy cleaning

O Z(0|0|Z2|Z2

Maintenance | Allow easy set up

To be self-sufficient if energy will

Maintenance | be needed D

Place important information right

Older drivers | in the middle of the visual field D

Use traditional signage to
emphasise importance of Older adults perceive traditional

Older drivers | information D signage to be "superior" to LED-signs

Important information should be

Older adults | repeated D

Colour choises should be

Older drivers | propriate for older adults N

Provide a good and early view on

Older drivers | the intersection D
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Older drivers

Assistance in making left turn if

needed

Older drivers

Right-angle connection between

roads

To accomodate restricted neck mobility

Older drivers

Information should be presented
in good enough time for older
adults to process before decisions

should be made

Older drivers

Information should be distributed

to avoid mental over load

Older drivers

Merge areas should be long

Older drivers

Minimise time pressure

Older drivers

Reduce complexity of traffic

environments

Older drivers

Present a piece of information in

several ways

Makes it easier for older drivers to

comprehend the information

Older drivers

If audible stimuli is used, it should
be adjusted to noticable

frequencies

Older drivers

Clear separation between visual

elements.

Especially for signage

Older drivers

Hinder direct or reflected light

from sun or other cars

Older drivers

Use clear colour contrasts

Older drivers

If flickering lights are used, the
frequency should be adjusted to

be noticed by older drivers

Older drivers

Most important information should
be presented in a drammatic

manner

Older drivers

Visual information should be

placed in the field of vision

Older drivers

Avoid glare

Older drivers

The percieved brightness contrast
between road markings and the

carriageway should be 2.0

Road markings should be at least 3

times as bright as the carriageway

Older drivers

Enable easy depth perception

between objects

Older drivers

Exits should be signed clearly and

in good time

Older drivers

Should simplify for the driver

where to allocate their attention
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Can be measured with parameters
Physical Visibility in darkness describing light source/reflexibility
Information-giving road elements
should be distinguishable from the Contrast between the color of the
Physical background solution and the background
Consider physical safety of the user,
how big is the risk of an eventual
Physical Provide physical safety for drivers accident?
Compatibility with other road
Physical elements Road elements should be coherent
Physical Meet strenght requirements
High contrast no matter light conditions,
Physical Visibility in daylight solution should not glare the user
Nearby road users should be Road users that a driver need to
Physical visible for the driver encounter on their drive.
Traffic flows should not be stopped
Physical Enable efficient flow of traffic without a reason
Physical Enable entry and exit to motorway
To funtion properly in snowy Information should be visible in snowy
Physical weather weather
To function properly in cold
Physical weather Should be resistant to cold and ice
Allowed turns should be soft,
Physical forbidden turns should be sharp.
Be viewable from the right angle (e.g. if
Signage should be placed so that a sign should prevent a possible WW-
it can be seen by the intended driver to turn, the sign should be
Physical driver viewable from that direction)
Information should be visible in
Physical rain
Information should be visible in
Physical snowfall
Information should be visible in
Physical windy conditions
Ask TV what is the expected lifetime
Sustainability | Long-lasting solution span of an eventual solution
To not contain any hazardous
Sustainability | chemicals
Easy construction with limited
Sustainability | material usage
Different materials should be easy
Sustainability | to separate
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To use primarly recycled materials
Sustainability | in the production D

Sustainability | Durable against road maintenance | D

Physical Allow bigger transport
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