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Abstract

The thesis work deals with analysis and development of methods

user based on the parameters of this project.

to improve the driving experience of the users along a motorway.
Many motorway users state that the driving experiences along the

Keywords: color, saturation, brightness, noise barriers, bridges, sign

motorways are not sufficient enough and can become boring and

poles, light poles, railings, impression, feelings, experience, “lifeless”

unexciting. Methods to address this problem have been developed

elements

and differ according to the wanted result.
This thesis includes the development of reliable methods to
assess the driving experience and therefore the impression/feelings
of the users. The methods are the result of an extended research
involving the users. A selection of the parameters to be tested was
made and the focus was on color. For this reason it becomes necessary
to better understand the color effect. Colors was tested in different
levels of hue/saturation/brightness in existing motorway landscapes
and more specifically motorway elements (noise barriers, bridges,
sign poles, light poles, railings).
From the analysis of the colored results, in a way that is relevant
to the motorway experience, a comprehensive series of principles is
proposed. These guidelines were then tested in an existing situation of
a motorway to prove the correlation and importance of the previous
research. Visualizations were used to illustrate the experience of a
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Chapter 1:
Introduction and
overview

Introduction and Overview

1.1.

Project outline

1
Driving along a motorway can be a tiring and unexciting

relevant readings in color as an important aspect of the motorways.

experience. The motorways and their quality are matters of discussion

Since the color theory can be really general and chaotic, a focus will

since, in every day basis, a great amount of people are experiencing

be established in the connection of motorways and colors (Mahnke,

them. With the word quality could be implied in this occasion two

1996; Crozier, 2008; Albers, 2006; Feisner, 2006; Bleicher, 2005;).

things; quality of the materials used during the construction and

In the third part a color preference/impression survey is created

quality of the designed experience. If there is lack of quality in the

and is given to motorway users. This is an interesting and promising

materials used, is a matter of the designer to improve them (e.g. by

method which can explore and identify the connection of colors/

using more strong, more enduring first products etc.). If it is a lack

motorway elements and preference/impression - if there is one of

of quality in the designed experience, is a matter of the landscape

course.

architect to improve it (ex. by designing an interesting and appealing

In the fourth part the data collected from the survey are

experience for the users). This thesis is exploring these possibilities

analyzed. Discussion and reflection on the method used is crucial

by trying to design more appealing and wanted experiences for the

in this point. Based on the interesting findings, the research will be

motorway users.

translated into designing principles. Further research is enriching the

This study begins with some relevant readings in motorway

results and creates a clearer view of the designing solution.

theory. The need of this project can be concluded from these readings.

Last step of this project is the designing phase. After analyzing

There is substantial research about the motorway design and the

three design alternatives , a final design concept is selected. The

impression provided to the users (Robinson, 1971; Berg, 2004; Marek,

implementation is going to take place in an existing motorway

2009; Brouwer & van Zelm van Eldik, 2006). In the next phase there are

landscape. The motorway chosen is the A2 motorway in the part
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1.2.

Interest, fascination and purpose

1
between Amsterdam – ‘s Hertogenbosch.
The report ends with three Appendices with the statistical
analysis, tables of data and the actual survey.

Personal interest and fascination in the power of colors is the
driving force of this project. In the search for a landscape in which
colors can be studied, motorways seems to be an inspiring idea. A
motorway, as it will be illustrated later, is much more than a landscape;
it is an experience that changes with time; motorways can be found
everywhere and they traverse various landscapes. The potentials of
improvement are interesting to study. The motorways are a public
matter after all; the roads are there for everyone to use. The motorway
network also determines to a large extent the appearance of the
Netherlands. The appearance but also the experience while being
on a motorway, formed the motivation of studying color along the
motorways.
This thesis is an attempt to extract interesting results in
connection to motorways and colors. Is there a significant connection
and if yes can it be used to improve the experience of people while
driving along the motorways?

Page 15
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1.3.

Ideas, research intentions and hypothesis

The focus of this study is colors and the influence they have to

1
on color teach about the subject

the motorway design. At the same time it tries to recognize elements

2. To find out which dimensions of colors (hue, saturation,

along motorways that have an effect on people’s perception/

brightness) play which role in the observation experience

impression. These elements belong in two groups; “vital”, such as

3. To extract designing principles from the analysis out of 1 (one), 2

trees, flowers, water etc., which belong to the changing-surrounding

(two) and 3 (three)

landscapes; “lifeless”, such as bridges, sign poles, railings etc., which

4. To create an inspiring example of motorway-experience based

belong to the continuing motorway. A selection of “lifeless” elements

on the knowledge gained

is made.

The intention of this study is to explore effects of hue,

It is interesting to see how colors interact with the perception

saturation, and brightness on creating more preferable experiences

of an object, a space, a landscape. This exact power of color will

along motorways. The following hypothesis was investigated to

be studied. An interesting idea is to create a better adaptation of

reveal color – “lifeless” elements relationship:

local elements (e.g. noise barriers) to the changing colors of the
surrounding landscape. An extra emphasis can also be made on

The driving experience along the motorways can be influenced

objects of orientation (e.g. bridges).

positively by the color of “lifeless” elements like noise barriers,
bridges, sign poles, light poles and railings.

The objectives of the project are:
1. To examine what can the existing literature on motorways and

The goal of this research is to show that colors can have this
effect in the perception/impression of a motorway for people.
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1.4.

Starting points and methods

1
For this research the following methods were used:

5. Discussion and principles: The results of the survey were
discussed and translated into designing principles

1. Theoretical analysis: A theoretical framework was built

6. Identify designing alternatives: Three design alternatives

for motorways and colors, as an important aspect of them. The

were formulated and discussed. This led to the final integrated

connection between the two was the focus.

design

2. Development of test panoramas images: Photoshop images

7. Creation of the experience: In this part an illustrated

were created and tested in terms of perception/impression of

experience along an existing motorway (A2) was the aim. The

motorway users. In these pictures five combinations of saturation/

creation of continuous motorway images that can express the

brightness levels of five hues were applied. Results were provided

experience were selected.

with a visual preference survey to participants.
3. Development of the questionnaire: The images were
provided to people for assessment; this was possible with the
development of an online survey/questionnaire. With this method
reliable results and conclusions can be derived.
4. Analyzing of the data: The answers were collected and
statistically analyzed. Results were presented in an understandable
and illustrated method. An extensive effort was made to explain
and reflect on the method used and the results collected.
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Chapter 2:
Motorway
perception

Motorway Perception

2.1 About motorways

Motorway planning and design, most of the times, is oriented

environment (Vlonk and Crommentuijn, 2009). One of the important

to accumulate and present the identity of the landscape but is often

goals of this vision is “to improve the spatial quality of the motorway

problematic duo to a lack of knowledge about user perception and

environment by creating recognizable and distinctive landscape

preference. Motorways play a vital role in everyday life and are the

qualities”. This concept will also be addressed in this project.

skeleton of a functioning society. Despite this it seems that many
times they lose their identity.

The relationship of a motorway with its surroundings is a key
factor for improving aesthetics. The motorway itself is a corridor

Motorways can present a different image according to their use.

and is considered as a movement in “space” and “time”. As the

Efficient motorways (e.g. multi-lane motorways) tend to alienate

users move along this “space” their perception changes as the

the users from the surrounding landscape, as indicated by previous

surrounding landscape changes and as the character of the

research   (Brown, 2003). The effort to create an experience to

motorway becomes clear. It is understandable then that “spaces”

involve the users with the surrounding landscape becomes a true

along the motorway that can be seen for a longer “time” have a

challenge. The creation of questionnaires can achieve this feat with

greater significance in the user’s perception. This means that the

less complications and with a more accurate way.

motorways which cross a city, that logically change more rapidly

Improving the experience along the motorways is already a
goal for the Dutch reality. Projects have already been presented

2

when compared with the motorways crossing a rural area, have a
relatively low significance for the user’s perception.

and constructed while others are being designed with the common

According to the Texas department of transportation (2009),

goal of enhancing the experience of the user. In 2008 the “Ministry

in order to achieve the integration of the motorway environment

of VROM” has prepared a structure vision for the motorway

some visual design elements should be taken to account:
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1. Material: Common materials along a motorway can be

focus will be on the elements: material, color, pattern and form.

considered the asphalt, concrete, steel, soil etc. In this group

Texture will not be addressed in this project since texture by itself

though some less distinguished materials can be included;

warrants significant research.

2

the plants.
2. Color: Color cannot exist by itself in any form if there is not
a material to associate it with.
3. Texture: Similar to color texture is always combined with a
material.
4. Pattern: The pattern includes all these elements found
along the motorway that create its character. The noise
barriers, brides, railings, sign poles, and light poles are some
of these elements.
5. Form: The forms along the motorway change with “time”.
Forms in a city are more geometrical and mathematical than
the forms found in a rural landscape.

These visual design elements are important in the experience
of the motorway and will be addressed in the next chapters. The
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2.2 Perceivers; persons in the car and delimitations

The motorway, as any other kind of landscape, can be perceived

(2006) also illustrated that a driver has no choice but to look at the

by users. The experience of an individual while being on a motorway

road and its immediate surroundings. Therefore, as is expected,

is a function of what is visible over time and space. Perceivers include

the driver-experience is significantly different from the passenger-

all individuals who drive along the various motorways. Either as

experience. The perceivers in this project will belong to these two

drivers or passengers they perceive the continuity of landscapes

groups: “drivers-perceivers” and “passengers-perceivers”.

and the different experiences during the driving process. The

This division creates a delimitation that is crucial to mention at

processing of the images perceived is complicated and different

this point. Even though there is clear difference between the two

according to the position in the car (e.g. driver or passenger) but

groups of perceivers, the two groups will view and value the same

also the individual themselves.

images for the purposes of this project. This method was selected

A driver, during the forward driving view, perceives the

2

to simplify testing of the groups.

motorway and the surroundings differently from a passenger.
Driving is a complex behavior that requires the collection and
cognition of information from multiple sources which are inside
or outside the car. While the driver focuses on both the “driving
process” and the “driving experience”, the passenger focuses only
on the “driving experience”. The passenger has the opportunity
to be more relaxed and aware of the surrounding environment
in comparison with the driver. Brouwer and van Zelm van Eldik
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2.3 Perception; landscape/motorway elements and delimitations

As any other type of landscape, a motorway is designed. This

station point, horizon line, vanishing point(s), and a cone of vision1

though  is different from the typical landscape design which focuses

.

on the design of spaces that are experienced as individual places

						

(e.g. plaza, park, garden etc.). A motorway cannot be considered an

							

individual place; is an experience that transforms by every second,

Figure 2.1
The perception of
the perceiver follows
the laws of visual
perspective
Source: I.Gkini

2

every meter.
Perception of this kind of landscape includes certain
characteristics of the human thought process as described by
English and Nelson (2008). This process is strongly influenced by
the environment (that tends to distract the human mind from

Every landscape can be identified and perceived by its different

comprehending the significance/meaning of every object). In

elements. A park is perceived as beautiful because it has beautiful

other words, perception is connected with the human mind and is

trees or flowers, nice paths, mysterious walks, nice textures or

influenced by the surrounding environment.

colors, relaxing smells etc., for example. People perceive these

The perception of the perceiver along the motorway follows

elements as a combination and create a certain impression. These

the laws of visual perspective. Marek (2009), but also many

elements can be visual, auditory or sensory. Marek (2009) illustrated

more before and after him, explain the similarities with the visual

1 The station point is the location of the perceiver in relation to what is being observed

perspective (Figure 2.1). Perception (as the visual perspective) has a

and then perceived. The horizon line is the line that reaches the horizon on the eye level of
the perceiver. The vanishing point(s) is a point (or points) on the horizon line that seems
that the image is vanishing. Specifically for corridor landscapes such as a motorway, the
vanishing point is always one. Finally the cone of vision is the full spectrum of the viewing
area where all objects will be in focus.
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2.4 Season and daytime; delimitation

the visual design elements that can affect the perception of the

Any kind of landscape, as well as a motorway, transform during

perceivers; the materials used in the design, the colors, the texture,

the day but also the season. This is a result of the transformation

the pattern and the form.

of the elements that compose this landscape (“vital” or “lifeless”).

This research focuses on the visual design elements. Auditory

This transformation is based either on the addition or exclusion

and sensory are also considered important for the perception of

of some elements or a change in the element itself (e.g. flowers

a motorway, but they should be tested separately since they can

on the trees in spring/empty trunks in winter, bright colors of the

create a research project by themselves. It is believed that if all three

buildings in the morning day/dark colors at night).

design elements are tackled in the same research the approach will
not be complete and significant. For this reason the experience
can be named a “visual experience” of the perceivers. A previous
selection of “lifeless” elements (e.g. noise barriers, bridges, sign
poles, light poles, railings etc.) is also added in this part. Any kind of

2

Figure 2.2
The colors of the
different elements
seem darker during
the night while their
color differences are
visible during day
light.
Source: I.Gkini

change of these two groups of visual elements can mean change
in the perception of the perceiver. This research will focus on the
“lifeless” visual elements as a simplified method of approach since
the changes of these elements can be more regulated.
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Obviously any kind of research based on these transformations

All possible combinations are as important as the combination

can be quite complicated. How can all these changes being

selected. All others could be tested in different experiments

translated into testable parameters? The possible combinations are

and provide valuable information according to the perception

numerous as demonstrated in the following figure. Nevertheless,

of the perceivers. The focus of this project though is not on the

a selection of specific combinations has to be made. The perfect

seasonal or time of day change and an effort was made to keep

conditions of an “afternoon”, “spring” day were selected.

the multiple parameters as stable and perfect as possible so that

2

the parameters of interest could be studied. These ones will be
Figure 2.3
The perfect
conditions of an
“afternoon”,
“spring” day are
selected for this
research
Source: I.Gkni

illustrated thoroughly in the next chapter.
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2.5 Impression and emotion as a measure for perception

Perceivers need to list (order, coherence) a landscape in their

viewer to understand or categorize the contents of a scene –

mind, and then they need to challenge it (complexity, variety).

the greater the legibility, the greater the preference.

Beautiful environments, according to the research already being

3. Complexity, or the number and variety of elements in

done (Berg, 2004; Kaplan & Kalplan, 1989), are environments that

a scene – the greater the complexity (at least for natural

provide both needs simultaneously. The perceivers can appreciate

scenes) the greater the preference.

an environment when it is varied and coherent at the same

4. Mystery, or the degree to which the scene contains hidden

time. The factors that affect the individual while perceiving their

information so that one is drawn into the scene to attempt to

environment may be linked to the “preference matrix” by Kaplan

discover this information – the more mystery the greater the

and Kaplan (1989), by which four factors can explain the connection

preference.

of perception and impression. The preference matrix is applicable
to any kind of environment, from natural to artificial.

2

Coherence and legibility relate to understanding or “making
sense” out of the environment (being able to comprehend it and

Figure 2.4
The preference
matrix by Kaplan
and Kaplan
(1989)

understand what is going on in it). Complexity and mystery can
be considered aspects of “involvement” with the environment, or
the degree to which one is stimulated or motivated to explore and
comprehend it according to Greene et al. (2001).

1. Coherence, or the degree to which a scene “hangs together”

According to this theory a landscape can be perceived

or has organization – the more coherence, the greater the

differently depending on the understanding and exploration levels

preference for the scene.

and the information received. While perceiving, emotions are

2. Legibility, or the degree of distinctiveness that enables the

created and a certain impression is born. This impression can be

Page 26

Motorway Perception

2.6 Flaws along the motorway

positive or negative. By testing these impressions a conclusion can

A lot of motorways nowadays can be considered as misleading,

be drawn for the preference of the perceiver. It is understood that

boring elements with lack of identity and experience for the users.

by measuring impression/emotions, conclusions can also be made

As Robinson (1971) quotes, a motorway was always considered

regarding the total perception of a landscape to make further

to be a discrete element in the landscape and took its character

design possible.

from the country around it. The country and landscape around the

2

motorway can be transformed and at the same time transform the
character of the motorway.
Most of the flaws in motorway design can be corrected easily
and with no extra expense - in fact correction is often cheaper, since
any simplification can reduce maintenance costs as Robinson (1971)
indicated. People need variety for their senses. Monotony that can
be experienced along a motorway can create anxiety, tension, fear
and stress. The grayish tones that usually “cover” the motorways
and the hard materials used can produce these feelings. There are
dozens of research studies that prove that a natural environment
can reduce the stress on motorists while driving (Berg, 2004).
However there is no research available that support the idea that
this stress can be reduced with some other method. This gap in the
research is going to be tackled in this project.
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About color

3.1 Some notions on color

Color is a medium with which Art can be expressed and therefore

(increasing or decreasing), so does the amount of color. Another

can also be experienced. To perceive color means to “experience”,

interesting finding by Mahnke (1996) was that color exists only in

or become conscious and aware as has already been acknowledged

the human brain; the light stimulates certain parts of the brain and

by Mahnke (1996). Color defines the world and people’s emotions.

as a result humans perceive color.

Feisner (2006) described  the color of an object as the first thing
been perceived; shape or lines are perceived later.

In addition, colors cannot be considered inseparable from each
other. It would be a mistake to talk about colors and not mention

The power of colors has attracted a great amount of research.

that one color is influenced from all the colors surrounding it. Albers

Although each approach to understand color has differed, the

(2006), has dedicated his book “Interaction of Color”, to this exact

common aspect to all these approaches, as Birren (1978) indicated,

fact. He also wrote that there is no certainty in color; therefore

is that there is a connection between people and color. Crafts such

people invented multiple theories and models in an effort to explain

as architecture, painting, decoration, sculpture, textiles, ceramics,

as best they could the power of colors. Different theorists managed

etc. use colors in an effort to create desirable experiences for people.

to organize the different attributes of color into different functional

In this research field, according to Gage (2000), history reveals a

systems (Gage, 2003; Bleicher, 2005; Itten & Birren, 1961; Vodvarka,

variety of color theories but also a variety of color usages.

1999; Zajonc, 1976; Ball & Ruban, 2004; Kaya & Epps, 2004, Albers,

Color has always been considered to be connected with light;

3

2006).

actually they are two inseparable entities. Bleicher (2005) indicated

Color, in landscape architecture, can affect the quality of the

that there cannot be color without light; without light, there cannot

design by promoting positive emotions such as attractiveness,

be vision and therefore also color. As the amount of light varies

pleasure, happiness but also negative such as tiredness, stress,
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3.2 Some relevant aspects of color perception

fatigue or even depression. Even though color has this power to

Research in color has corroborated that human made objects

influence the emotions of people, little research has been done to

are often produced in colored form, and the choice of colors can

identify correlations between color uses in the landscape design.

have significant implications for human perception and action

Professional landscape architects but also architects as mentioned

(Crozier, 2008). In visual perception, a color is almost never seen

by (Cubukcu & Kahraman, 2007), usually rely on their natural talent,

as it is in reality – as it is physically. For this reason, as Albers (2006)

taste or experience during the design process.

also illustrated, color becomes the most relative medium in Art.

3

Color, as is already mentioned, can be perceived. This process can
be possible as long as some specific things are present: a. source of
light, b. an object, and c. an observer. These three parameters can be
studied and described with the help of physics and chemistry. The
last parameter, the observer, implicates another science; as Berns
(2000) describes psychology is the reason that the brain interprets
the energy from the eye from the observer and transforms it into
perception. As noticed already from previous researchers (Berg,
2004) motorways seem to be striking landscape that can be used
to study the perception of the different colors.
The process of perception is not completely understood, as
Bleicher (2005) argued; since color itself is the most difficult and
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powerful of all design elements. Freisner (2006) indicated some

Perception in this project is important because it creates

of the factors that affect perception such as the surroundings of

emotions. Emotions are usually unconscious processes that

the object, its surface or texture and the lighting conditions under

are difficult to study as argued by Mahnke (1996) argues. The

which it is seen. One more element has to be added specifically

impression comes after the emotions and carries by itself some

for the motorway landscape; time. During the driving process the

type of emotional content. The impression comes as an image in the

motorway landscape changes as the perceiver changes his position

human mind and tries to connect the actual image with situations

every second. This after all is the most important difference of the

the already known to the perceiver. For example by seeing or being

motorway landscape from other landscapes; is a landscape that is

in a small place, a human impression can be that the space looks

perceived through time.

like a prison cell.

The time needed for the eye to focus and comprehend a specific

In the design process of a motorway, impression is really

element varies and can increase dramatically if there are desirable

important. If an image along a motorway gives rise to negative

color combinations. This concept was previously investigated by

emotions at the same time it will create a bad impression. To

English and Nelson (2008). The ability for the human eye to see

avoid this impression, opposite feelings have to be created. The

and perceive the different colors at various angles has been the

impression of the designed landscape should be calming, relaxing,

subject of research for decades. More specifically, a colored object

and friendly as indicated by previous research (Mahnke, 1996). In

must enter (from one’s side) to within 30 to 60 degrees of one’s

this way the initial negative impression can change.

3

direct horizontal line of sight so that it can be perceived. Of course
different colors also have different angles of detection.
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3.2 Dimensional color delimitation

One of the most widely used methods to research color is

Bleicher (2005) in an effort to illustrate all the existing models,

the “American Munsell system”. There are numerous models

referred to a digital model created for computers; the “color picker”.

and theories about colors and is unnecessary to describe them

The “color picker” can be different depending the manufacturer

individually. Nevertheless it is important to illustrate the dimensional

(e.g. Adobe, Apple, Macromedia). Even though every one of them

color delimitation of this project.

created its own language all kept one aspect in common; color

The “Munsell color model”, according to various research

is based in a three dimensional model as already described in the

(Ballast, 2006; Kaya & Epps, 2004; Ball & Ruben, 2004), identifies

“Munsell color model”. The four standard color spaces that are used

colors in terms of their attributes; hue, chroma (saturation) and

in the digital world are the RGB, HSB, LAB and CMYK (Figure 3.1).

value (brightness/lightness) 1. Munsell in this model has ten hues

From these four models the one that comes closer to the Munsell

(five primary-five intermediary), fourteen levels of chroma and

color model is the HSB model. HSB stands for Hue, Saturation and

nine levels of value. The available combinations are numerous and

Brightness2 . The possibility to express color with this model seems

they are arranged in a 3D dimensional model. The complexity of

appropriate in this project. In a combination with the knowledge

this model makes the selection of specific hues for testing in this

gained from Munsell, five primary hues were selected for testing.

3

project difficult.  
1 Hue refers to a specific tone of color

Chroma (saturation) refers to the purity, or intensity of a color; as chroma
decreases all colors come closer to the value of gray; as the chroma increases
the colors take their most pure value
Value (brightness/lightness) refers to the degree of lightness or darkness of a
color in relation with white and black

2 Hue is measured in degrees and Saturation and Brightness in percentage. A
saturation of 100% gives the pure color while saturation of 0% gives its grayish
tone. The Brightness of 100% gives the color in its greatest lightness while the
Brightness of 0% gives no lightness at all (black color).
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Figure 3.1
The “color picker” as
it can be seen at the
Adobe Photoshop

representative levels of each attribute were selected; 100%, 50% and
20%. The possible combinations and final hue results are illustrated
in the figure below.

Nevertheless some changes had to be applied to the existing
primary hues from the model. Munsell states the following five as
primary hues; Red (R), Yellow (Y), Green (G), Blue (B) and Purple

Figure 3.2
All the possible tones
created for the five
colors and for three
levels of saturation
and brightness. The
45 resulting hues are
illustrated here
Source: I.Gkini

3

(P). From these five only four were selected for testing and one
was replaced.
1. As Mahnke’s (1996) research indicated, purple is a hue
which creates neutral or boring feelings in humans.

The figure illustrates forty five hues. The testing of all these

2. Orange, on the other hand, is believed to be a hue that gives

forty five hues is complex and unnecessary in this phase always

warm and luminous feelings and can be considered relatively

in combination with the motorway elements. Every one of the

important to the driving experience.

five motorway elements would have to be tested in all forty five

This evidence was sufficient to make a decision on the five

possible hues. That would give 5*45= 225 total impressions. It

hues used in the testing phase of the project. For the levels of

became necessary to eliminate some hues from the resulting ones

saturation and brightness another decision had to be made. Three

so that the testing became easier and less time consuming for the
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perceivers. For this reason the following hues were eliminated from

not illustrate significant enough differences for the testing

the previous figure.

phase.
Figure 3.3
Twenty of
the resulting
combinations have
to excluded from
this research
Source: I.Gkini

By eliminating these hues the following diagram can be created.
The hues illustrated here will be tested in the next phase with the
help of the perceivers.
Figure 3.4
The final tones of the
hues that are going
to be tested in this
project
Source: I.Gkini

3

This elimination was based on the following facts:
1. In the lowest levels of saturation and middle + lowest
levels of brightness (20%, 50%+20%) the hues do not illustrate
significant enough differences for the testing for this project.
It is believed that they would create confusion and tiredness
in perceivers.
2. In the middle level of saturation and middle + lowest
level of brightness (50%, 50%+20%) the hues once again do
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3.3 Useful findings in Color preference

Research has confirmed that the attributes of color as

Mehrabian (1994), there are significant effects of saturation and

mentioned in the Munsell color model have an effect on human

brightness of a color on people’s preference; brighter and more

preference (Kreitler and Kreitler, 1972; Whitfield and Wiltshire,

saturated colors are more preferred. If the focus is on the attribute

1990). Some colors evoke arousal and excitement, while others

of hue, research sustained that cool, short wavelength hues are

evoke naturalness, quietness, and relaxation. Among those

generally preferred to warm, long wavelength hues. In addition,

emotions arousal and relaxation are particularly important

blue is the most preferred or most pleasant hue and yellow and

when studying color preference in physical environments, since

orange are less liked (Crozier, 1999). The research by Camgöz et al.

preference is affected by such emotions. Specifically, as Cubukcu

(2004) generated the same results.

and Kahraman (2007), have explained, people prefer environments

For indoor environments the results are different but

with moderate levels of arousal, high levels of naturalness, and

interesting for this project; noise barriers can give the impression

relaxation.

of the walls of a room. As Mahnke (1996) mentions, the red hue

Another researcher has stated that highly saturated greens and

can create aggressive and advancing feelings; the overuse of fully

reds were perceived physically closer; the effect was not the same

saturated red can add to the complexity of a space. Orange, on the

for blue color (Egusa, 1983). Later studies by Camgoz et al. (2004)

other hand can be warm and luminous and fully saturated oranges

supported the idea that saturation but also brightness are more

can create opposite feelings. Yellow is also warm and can be

important than hue attribute in attracting attention. According

exciting or irritating. Green is a color that creates mostly positive

to Camgöz et al. (2004), Guilford & Smith (1959), and Valdez &

feelings such as security, calmness, reliability. Finally blue can be

3
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cool and distant if used in lighted tones and encouraging and
space-deepening if used in dark tones.
In the chapter of the results there will be an effort to
connect the existing findings with the results of this research.

3
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The survey and the questioning process

4.1 Design of the questionnaire

The method selected to test the different color tones in

Table 4.1
The different
methods to proceed
with a survey (Agnes
van de Berg - notes
from “Advanced
Research Methods
and Techniques in
Leisure, Tourism and
Environment” course
of Wageningen
University UR)

combination with the motorway elements is the preference survey.
Visual preference surveys have become a popular tool among
Landscape Architects and planners. With this method it is easy to
illustrate design alternatives through the processing of images,
something that a common survey cannot provide. An advantage
of this method is the possibility of multiple parameters testing;
preference, perception, impression etc. This method was selected
as it connects the existing literature and the desired objectives of
this research.

An Internet approach was selected for the testing of the

4

parameters in this project. The reasons for this decision were the

For the creation of the preference survey a theoretical

larger geographical reach (in the Netherlands) and the speed in

framework is necessary. From the existing literature it appears that

collecting significant responses.  A written online survey was placed

there are several ways to perform a survey based on the wanted

online from 1/10/2010 until 23/10/2010.

result, timeline, cost, length etc. According to these factors the
survey can become easy or difficult, time consuming or fast, can
increase or decrease the response rate etc.
In Table 4.1 the differences between the different survey
formats are illustrated.
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4.2 The questioning process and the respondents

The questions were created according to the objectives of the
research. The images used in the questioning process are address
the connection between colors and motorway elements. The
chosen elements are combined with the hues, forty five (45) in
total (5 hues in 5 different levels of saturation and brightness). The
questioning process followed a specific order that is illustrated in
Table 4.2.
One hundred and eight (108) respondents across the Netherlands

4

answered the visual preference survey. The respondents were a)
students of Wageningen University and Research Center but also
b) people outside the University.  There was no specific selection
for the respondents but an effort was made to cover all age groups
and educational levels. Assumptions, limitations and delimitation
were also made in this part.
1. It was assumed that all the participants of the survey have
answered the questions honestly and according to their
preference
2. The respondents who have visual impairments, like color
blindness, were not excluded from this research as it was not

Table 4.2
The questioning
process as it is
designed for this
project
Source: I.Gkini

Page 41

The survey and the questioning process

possible to distinguish them from the survey questions

process

3. The study was conducted in the Netherlands and examined

8. In the manipulations made to the images, the aspect of

existing situations in the motorway landscape of the

changing tone from close by to further colors was taken into

Netherlands; therefore, the conclusions cannot be generalized

account. Nevertheless, this can be improved in matters of

for use in other countries without further research

design for a further analysis

4. The selection of the basic landscape images was carefully

9. The initial language of research was English, while the

made; “perfect” conditions of lighting (weather, time of

respondents were Dutch or international. This made the

day) were selected. The selected variables were Sunny day,

survey difficult for some specific groups that could not

Morning time

understand English so well

4

5. Since the survey was conducted online, the participants were

The collected data were statistically analyzed with the use of

filling the questionnaire on their own computer, watching

SPSS statistics. IBM SPSS Statistics is a comprehensive, easy-to-use

their own computer monitor. Therefore, the colors could be

set of data and predictive analytic tools for business users, analysts

altered in saturation or lightness on different monitors

and statistical programmers. A series of one-sample T - Tests were

6. The human vision, in terms of the angle in which a color

performed to determine how the colored results were statistically

is entered into sight, were considered perfect and are not

correlated and significant and if the differences between the groups

examined in this research

are significant. The one-sample T - Test compares the mean score1 of

7. The effect of time, in the transformation of colors and

a sample to a known value. Usually, the known value is a population

landscape, was not taken into account during the questioning

1 The mean score of a set of numbers is the average of these numbers
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4.3 Findings

mean (e.g. the number of the respondents). The main hypothesis

   The findings are going to be presented according to the Parts

of the project was subdivided in sub-hypotheses reflected in  the

mentioned in the previous paragraph. At the end of each part there

questions of the visual preference survey. Every question could give

will be a summary.

a positive or negative result for the main hypothesis. The statistical
set-up will determine which of the two hypotheses are correct:

PART 1
The percentages of the participating passengers and drivers
were significantly different; the largest amount of respondents

Ho (Null hypothesis): There is no significant difference between

were drivers. Their main reason for driving along a motorway was

the sample mean and the population mean

for private and recreational travel. Their most preferred landscape

H1 (Alternative hypothesis): There is a significant difference

was the “forest landscape”.

4

between the sample mean and the population mean.
The probability of the Ho to be true is called the p-value of
the test. The smaller the p-value is, the stronger the evidence
against Ho provided by the data. This means that If p <= 0.05,
the null hypothesis is rejected and the alternative hypothesis is
accepted; If p >= 0.05, the null hypothesis cannot be rejected
and it is accepted as being true.

Figure 4.1
Left: The most
preferred landscape
was the Forest
landscape, and
the most common
reason for the
motorway use was
the private and
recreational travel
Above: Most of the
respondents were
drivers
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PART 2

In the second part the respondents were introduced with

Coherence, or the degree to which a scene “hangs together” or

the existing theory in landscape preference. According to Kaplan

has organization.

and Kaplan (1986) there are four important characteristics that

Mystery, or the degree to which the scene contains hidden

a landscape can have; the preference is dependent on these

information so that one is drawn into the scene to try to find

characteristics.

out this information.

The researched motorway landscapes with the motorway

Legibility, or the degree of distinctiveness that enables the

elements were chosen for this part. The elements “railings”

viewer to understand or categorize the contents of a scene.

and “sign poles” were illustrated in the same photo so the final

Complexity, or the number and variety of elements in a scene”

4

photo illustrations for this part were four and not five as would be
expected (five researched elements). The goal was to identify any

The results collected from this part created the base for further

connection between the preference of the respondents and their

understanding. The first landscape scaled from the respondents was

answers. It has been shown that this connection can give valuable

a landscape with the motorway element “noise barriers”. From the

conclusions on the preference and therefore impression/feelings.

answers provided “Legibility” and “Coherence” was scaled with 4

The format of the questions was:

and “Complexity” and “Mystery” with 2 and 1 respectively. Kaplan
& Kaplan (1989), established that “coherence” and “legibility” are

“Please

rate the following picture according to the

relating to understanding or “making sense” out of the environment

connectedness with each term? (1: not at all, 5: very much)

but not “involve” with it. The respondents could recognize the

The terms are explained here for better understanding:

landscape they were scaling but they were not involved with it.
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This means that the motorway element “noise barriers” alienated
the respondents from the landscape. It is an element that rules the
existing landscape and does not create feelings of excitement and
mystery for respondents.
The second landscape that respondents scaled was the
motorway landscape with the element “bridges”. For this
landscape the results demonstrated that the respondents scaled
“Coherence” and “Legibility” with a 4 and “Mystery” with a 2.

4

An important change from the previous landscape was that the
“Complexity” was scaled between 2 and 3. This suggests that the
respondents are moving from the level of “understanding” to
the level of “involving”. They begin to stimulate their exploration
and get more related and excited with this motorway landscape.
Their perception was influenced and created a positive impression/
feeling.
Next the respondents had to scale the motorway landscape
with the element “sign poles”. For this motorway element a
really open landscape was selected so that the respondents could

Figure 4.2
The motorway
landscapes with
the elements
“noise barriers”
and “bridges”
are scaled from
the respondents
according to the
terms given by
Kaplan and Kaplan
(1989)
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focus on the element and not the surroundings. For this
reason “legibility” and “coherence” were scaled relatively high;
38.9% of respondents could feel this distinctiveness but also the
organization of the different elements involved in this landscape
image. Nevertheless “mystery” and “complexity” were scaled
relatively low (1). This testifies that the respondents were aware
of the landscape but did not create any connection with it. Their
preference for this sort of landscape was not high since the

4

necessary elements that led them to the “exploration” were not
present.
Finally the researched sample were confronted with the
motorway landscape that combined the elements “light poles”
and “railings”. These results were very interesting. All 4 parameters
were highly scaled (4 and 3). With this landscape respondents
were more connected and involved than any other before that.
All 4 parameters were present in their experience process, a fact
that raised positive feelings/impression. This is in agreement with
previous research (Berg, 2004) which showed that green view

Figure 4.3
The motorway
landscapes with
the elements “sign
poles”, “light poles”
and “railings”
are scaled from
the respondents
according to the
terms given by
Kaplan and Kaplan
(1989)

along the driving process was positive for drivers.
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PART 3
PART 7

Part 3 and Part 7 confronted the respondents with the same

was also an interesting finding. In both occasions the respondents

question. The difference lied in the fact that Part 3 was given at

selected the white-ish tones as the most appropriate tones for

the beginning of the questioning process while Part 7 was given

the “bridges”; nevertheless there was a significant decrease of

at the end. Therefore, in Part 3 respondents had to imagine the

the percentage from 74.1% to 48.1%. This illustrates that the new

combinations and give their answers, and in Part 7 give the answers

alternative combinations were influencing people’s preference.

after they had already seen the illustrated impressions. The goal of

The colored combinations seemed to create an interest from the

this method was to compare the answers before and after they

respondents. The most interesting colors were the red-ish, orange-

had seen the different visualizations of colors-motorway elements.

ish and blue-ish combinations (red-ish 3.7% --> 13%, orange-ish 0.9%

Some interesting results came from this method. 		

--> 5.6%, blue-ish 7.4% --> 15.7%).

It is remarkable to see that the green-ish combinations were

White-ish tones seemed to still attract a large amount of people

more preferred after the illustrations. While in the beginning green-

for most of the motorway elements. Their preference remained

ish tones were connected with “noise barriers” with a percentage

“white-ish” for the railings, light poles and bridges even though a

of 35.2%, respondents altered their preference at the end almost

significant decrease was recorded. On the other hand red-ish and

doubling percentage to 67.7%. They also introduced green-ish tones

orange-ish tones did not excite the respondents. This was expected

to the railings (25.9%), light poles (25.9%) and sign poles (15.7%) while

since previous research has already suggested it (page 34-45).

in the beginning only a small amount of the respondents sustained
this preference (9.3% railings, 6.5% sign poles, 6.5% light poles).
Their preference in color to the motorway element “bridge”

4

Some remarks should also be mentioned. It is believed that the
percentages of blue-ish tones at the sign poles were misleading.
In the initial form of the survey the “sign poles” were indicated
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Noise barriers

4

Figure 4.4
The results of Part
3 (left) and Part 7
(right) illustrates
differences in the
preferences of the
respondents
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PART 4

as “signs”; the respondents, especially before the illustrations, by

In this part the respondents had to choose their favorite tone

reading “signs” were comprehending the sign itself and not the

of the five different colors. The colors were not combined with any

“pole of the sign” as was intended. For this reason they chose

motorway element but were given to the respondents separately.

blue-ish tones, having in mind the existing situation. This remark

The goal of this part was to distinguish the preferable tone for each

was concluded after several comments received from participants

of the researched colors; at the end these results will be compared

during the survey process. For that reason the term was changed to

with the results given as tone-motorway elements combinations to

“sign poles”. It seems that after the visualizations the percentage

see if they present a consistency. In the graphics preferences can

of the respondents that chose blue-ish tones for the “sign poles”

be seen.

decreased but still could not be taken into account. The same

4

problem occurred with the motorway element “lights” that was
changed to “light poles” during the process.

Figure 4.5
The preferences in
color tones when
the colors are not
combined with the
motorway elements
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PART 5

In an effort to translate the graphics, the favorite tones of the

In Part 5 there were two things researched. At first the

researched colors when they are not combined with the motorway

questions were aiming to scale the impression/feelings created

elements were the following:

to the respondents by looking at a group of pictures. The pictures
Figure 4.6
Preferences in
saturation and
brightness levels
of each of the
researched colors

were illustrating one motorway element in combination with one
color in the five tones. This was done for all five elements and
all the researched colors in the different tones. In total for every
motorway element there were 25 illustrations created (5 colors x
5 tones). In the second part the respondents had to choose their
favorite combination of color-tone and motorway element in each

4

of the above groups.
The respondents preferred the medium saturated tones

The goal of this part was to familiarize the researched group

for all colors (S=50%) with the exception of color green where

with the color tones and the motorway elements but also motivate

full saturation (S=100%) was preferred. Also color tones in full

them to express their feelings/impression and preference.

brightness (B=100%) were preferred, again with the exception of

Part 5.a

color green where a medium brightness (B=50%) was preferred.

After statistical analysis of the data, the following results could
be summarized. Several one sample T-Test were executed and
gave the following results which are statistically significant and are
considered important.
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© I.Gkini

The preferred hue/saturation/brightness for the
noise barriers was green h:100/s:100%/b:50%,
blue h:240/s20%/b:100% and orange
h: 3 0 / s : 1 0 0 % / b:50%. Fully saturated colors green and orange
were preferred in a medium lightness levels. The blue hue was
also selected but in low level of saturation (20%) and high level
of brightness (100%). The blue hue selected was approaching the
white hue and was integrating with the blue-ish sunny sky. On the

4

other hand the green hue selected was integrating with the existing
landscape of forest. The orange hue finally created the base of the
existing vegetation and also integrated smoothly into the existing
landscape. The rest of the hues established were of no interest to
the respondents. No extreme tones of the researched colors were
selected for the noise barriers.

Figure 4.7
For the motorway
element “noise
barriers” the
respondents chose
green, blue and
orange tones
Source: I.Gkini
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© I.Gkini

For the motorway element “bridges” the
results were really interesting. The preferred
combinations were blue h:240/s:20%/
b:100%,

yellow h : 6 0 / s : 2 0 % / b : 1 0 0 %

and orange h : 3 0 /

s : 2 0 % / b : 1 0 0 % . It is remarkable that all hues selected were in
their highest levels of lightness and low levels of saturation. All
combinations seem to be smooth and well integrated with the sky.
The bridge in all the combinations was almost “invisible”, which

4

confirms strong differences were not preferred for this motorway
element.

Figure 4.8
For the motorway
element “bridges”
the respondents
chose light tones
of blue, yellow and
orange
Source: I.Gkini
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There were five tones selected for the motorway
element “signs” all of which belonged to the
researched hues with the exception of the red
hue. The preferred hue/saturation/brightness were green h:100/
s : 1 0 0 % / b : 2 0 % and s:20%/b:100%, blue h:240/s:20%/b:100%,
yellow h: 6 0 / s:20%/b:100% and orange h:30/s:20%/b:100%.
The preference of the respondents established preference of less
saturated and fully lighted hues. For the green hue the respondents

4

also selected the full saturated hue in low levels of brightness. The
preferred hues seem to merge with the blue-ish sky, making the
“sign pole” almost invisible. Respondents gave a different result
for the hue green. Green was also preferred in a full saturated tone.
This was expected since research already has already shown that
“green” views are preferred along the motorways (Berg, 2004).

Figure 4.9
For the motorway
element “sign poles”
the respondents
chose light tones of
green, blue, yellow
and orange and
darker tone of green
Source: I.Gkini
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The next element given to the researched group
was the “light poles”. Preference for the green
hue was again illustrated. The color tones
preferred were green h:100/s:100%/b:20%, yellow h:60/
s : 1 0 0 % / l : 2 0 % , and red h:0/s:100%/l: 20%. In comparison with
the previous elements, the preferred color tones for the “sign
poles” were more saturated and dark.  The first two tones, in the
landscape examined, seem to integrate with the surroundings and

4

become almost invisible. The exception here was the red hue which
created a strong contrast with the surrounding landscape.

Figure 4.10
For the motorway
element “light
poles” the
respondents chose
more saturated
tones of green,
yellow and red
Source: I.Gkini
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The last motorway element tested was the
“railings”.

The

preferred

hue/saturation/

brightness for railings were green h:100/
s : 1 0 0 % / b : 2 0 % , and red h:0/s:100%/b :20%. The hues selected
were in high saturation and low brightness levels. Lighted tones
of the hues were not preferred for this motorway element. In
comparison with the previous motorway elements, the “railings”
seem to be preferred with more “visible” color tones; the contrast

4

did not create a problem for the respondents.
Figure 4.11
For the motorway
element “railings”
the respondents
chose saturated
tones of green and
red
Source: I.Gkini
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4

Figure 4.12
Summaries of
the results for all
the researched
motorway elements
and all the color
tones
Source: I.Gkini
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Part 5.b

The second section of Part 5 dealt with the impression/feelings

Bright tones of the color were preferred since they integrated with

of the respondents, as already mentioned. The respondents scaled

the tone of the sky but not the saturated ones. On the other hand

their impression/feelings while looking at the previous group of

the color red, from the previous section, was selected only for the

motorway elements. In total 5 groups of images for every motorway

motorway elements “light poles” and “railings”. Since the testing

element were scaled. The results for this part were interesting.

of the impression was done in groups this positive impression could

The green tones seemed to give a general positive impression/

not be expressed.

feeling when used in the five different motorway elements. The only

Colors yellow and orange in the different tones seemed to

exception was the motorway element “bridges” where green-ish

produce similar neutral impression/feeling to the respondents. It

tones did not gave a positive impression. This was expected since

is believed that it became confusing for the respondents to scale

the respondents did not corroborate any preference to the color

these two groups; in each group they could find both appealing and

green for this specific motorway element.

repulsive combinations according to their preference. This made

Opposite results were extracted for the colors blue and red.
In general the impression/feeling of respondents was scaled in the
lower and middle levels of the scale. The colors blue, as well as red

4

their impression scaling almost impossible. The neutral scaling is
believed to be a result of this fact.
The results can be better seen in the following figures.

could not be considered applicable for the motorway elements
from these results. In the previous section the blue color was
selected for the 3 out of 5 motorway elements but in low saturation
and full brightness levels. This supports the scaling of impression.
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Figure 4.12
An overview of the
answers given from
the respondents in n
effort to scale their
impression/feelings
Source: I.Gkini
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Figure 4.13
An overview of the
impression/feelings
given from the
respondents
Source: I.Gkini

Page 59

The survey and the questioning process

PART 6

In Part 6 of the survey the respondents were directed to a new

to become fatigued and less motivated” (Burchell and Marsh,

series of questions. The layout of the questions remained the same

1992). This same study mentions that long surveys can at the

as the previous part but new groups of pictures were created.

same time have the opposite effect since “the importance of

While the groups before were illustrating “one motorway element

the research can be understood from the respondents from the

in five tones of one color”, these groups were illustrating “one

length of the questionnaire”. Unfortunately for this project the

motorway element in one level of saturation and brightness for the

length of the survey led to fatigue, which led to insignificant

five colors”. Every element resulted in five groups since there were

result.

five researched levels of saturation and brightness. The goal for this

2. The possibility of choosing “none” as an answer could bring

part was to discover if the respondents had a preference in a specific

the respondents to the end of the survey more quickly. For

color in combination with a motorway element. It is important to

this reason the answer “none” was the prevalent answer for

mention that in this part the answer “None” was added in an effort

most of the questions.

4

to understand and extract their color preference.
Unfortunately this part of the visual preference survey did not
gave the results expected. The final results were not significant
enough for the following reasons:
1. The length of the questionnaire was critically long. Existing
literature mentions that: “Responses obtained towards the end
of a survey can be of lower quality because the respondent tends
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PART 8
In the last part of the questioning process the respondents were
asked for their personal information. Age, gender and educational
level are requested.
Almost the same amount of females and males participated. In
the initial format of the survey there were six age groups; 18 and
younger, 19-24, 25-35, 36-50, 51-69, 70+. According to the results,
some changes were necessary. The amount of respondents of the
group “18 and younger” and “70+” had to be eliminated as there

4

were not enough respondents belonging to these groups. For the
groups “36-50” and “51-69” on the other hand a combination had
to be made and these two groups were treated as one. The final
age groups used in the analysis were: “19-24”, “25-35”, and “3669”. The results can be seen in the following figures.

Figure 4.14
Gender, age and
educational level
of the researched
group
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Conclusions and discussion

5.1 Summary

One of the most familiar everyday tasks of a working person

Methods such as involvement of the users in a visual preference

is driving along the diverse motorways. The main aim is to reach

survey, manipulation of specific elements on each motorway

the desired destination faster and without demanding energy.

landscape, involvement of aesthetic aspects such as colors in the

Unfortunately this is not always achievable. The simultaneously

design process, visualizations of the probable results have been

need to use the motorway leads to delays and can be frustrating.

implemented and tested in terms of their effectiveness to improve

The users are forced to stay sometimes longer in the borders of

the driving experience of the users.

the motorways. As in all kind of situations they seek relaxation and

This chapter brings together the results and the claims made

positive connection with their surrounding environment. After some

in the first chapter and discusses the strengths and weaknesses of

hours driving along the motorways of the Netherlands, the users

the methods selected. It concludes with future propositions and

are feeling that something is missing, something is not designed

directs the reader to the importance of the solution proposed.

correctly and that makes their connection with this environment
weaker and weaker every time.

5

The possibility to improve this frustrating reality poses a major
challenge to thise involved in the design process of a motorway. The
results collected in this research conclude that the proposed study
is necessary and efficient. The methods used here substantiate
encouraging possibilities under underlying conditions and are
building a new framework for the design process of motorways.
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5.2 Conclusions

Many researchers through the years attempted to understand

of the scene to “involvement”, which created positive impression/

and justify color and his effect to human emotions, perception,

feeling to them. For these landscapes the colors of the motorway

impression etc. Therefore studies in color environments became

elements were selected in bright tones. This means that the users

complicated. There are an unlimited numbers of color combinations

select tones that make the motorway elements researched almost

that can be tested and it is difficult to test the preference of the

invisible. They valued their connection with the surrounding

respondents in a real case environment. These problems were also

landscape more than the colored solutions proposed to them.

faced in this research. A lot of delimitations had to be created so
that the research could give relevant results.

The less desired landscapes researched were the landscapes
containing the motorway element “noise barriers” and “sign

In an attempt to identify a connection between the motorway

poles”. The element “noise barriers” was researched in an

elements/color tones and the impression/feelings of the users, this

existing “semi- forest landscape” and the “sign poles” in an “open

report identified the existence of a strong connection. The research

landscape”. For these two elements as before the users reached

confirmed that the users of a motorway are mostly connected

the level of “understanding” but not the level of “involvement”.

with the “water” or “forest” landscape. The “water” landscape

Their connection with the surrounding landscapes was not strong

researched contained the motorway element “bridges” and was

enough to generate clearly positive impression/feelings. The

combined with the openness of the river. The “forest” landscape

colored solutions proposed for the motorway elements found in

contained the motorway elements “light poles” and “railings” and

these landscapes created excitement and a positive impression.

was combined with the richness of nature (trees, grass etc). For

The research suggests that the preference of the users in

these landscapes the users were moving from the “understanding”

a color tone is different when this color tone is combined with a

5
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landscape image. Their favorite tones for the five researched colors

elements “sign poles” the users choose green, blue, yellow

when they are researched separately seem to have a consistency.

and orange in low saturation (20%) and high bright (100%)

Medium saturated (50%) and fully bright (100%) tones were selected

levels. In addition they choose green in high saturation (100%)

for the hues blue, red, yellow and orange while the hue green was

and low brightness (20%) levels.

selected in fully saturated (100%) and medium bright (50%) tone.

4. For the “forest landscape” combined with the motorway

When these tones were combined with the motorway elements in

element “light poles” and “railings” the users choose green

the different landscapes gave different results.

and red in high saturation (100%) and low brightness levels.

Based on the results of the data analyzed the following
conclusions are drawn:

For the motorway element “light poles” also yellow is chosed
in high saturation (100%) and low brightness (20%) levels.

1. For the “semi-forest landscape” combined with the

The combinations of the researched colors and the motorway

motorway element “noise barriers” the respondents choose

elements definitely affect the impression/feeling of the users. It is

green and orange in high saturation (100%) and medium bright

believed that the selected landscapes that projected the changes

tones. They also choose blue in low saturation (20%) and high

also affect their preference. The landscapes “forest landscape” and

brightness (100%) tone.

“water landscape” were more preferred than “open landscape”

2. For the “water landscape” combined with the motorway

and “semi-forest landscape”. However in different combinations of

element “bridges” the users choose blue, yellow and orange

motorway elements and surrounding landscapes the results would

in low saturation (20%) and high brightness (100%) tone.

propose different combinations. Results here can only be applied

3. For the “open landscape” combined with the motorway

with the limitations of this research.

5
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The complicated mechanisms which lead to the “driving

initial preference was different. White and black tones that were

perception” of a user proved to be relatively difficult to research.

mostly chosen for the elements initially, were replaced with more

In another environment, in another time of day or season, with

colorful combinations after the end of the questionnaire.

different weather conditions the results are expected to give
a completely different image. Nevertheless this research can

In an effort to reach the objectives of this project the following
can be noted:

create a base for further analysis and guide future researchers in

1. Production of reliable results which can support the

understanding of this complexity.

assumption: “color manipulation of “lifeless” elements can

The green tones create a positive impression/feeling when

affect the preference of the users while driving along the

used in the five different motorway elements and in the researched

motorway” is possible. The analysis gives significant results.

landscapes. The colors blue and red did not have the same effect in

2. Every color in combination with the motorway elements

the same landscapes in combination with the motorway elements.

in a specific surrounding landscape is preferred in specific

Impression/feelings are mostly negative with only some few

percentages of the attributes (saturation/brightness). The

exceptions. Colors yellow and orange in various tones create more

results once again are significant.

neutral impression/feeling to the users.

3. The results can be translated into principles and help in

It is also interesting to mention that the preference of the users

5

further design

in coloring the motorway elements changed before and after they

4. The knowledge gained from the research can be used to

filled in the questionnaire. People accepted and preferred some

create an inspiring motorway experience. The testing of this

of the proposed changes along the motorway even though their

objective is illustrated in the next chapter.
The intention of this study was to explore effects of hue,

Page 67

Conclusions and discussion

saturation, and brightness on creating more preferable experiences

preferred. If the focus is on the attribute of hue, research sustained

along motorways. The original hypothesis was as follows:

that cool, short wavelength hues are generally preferred to warm,
long wavelength hues (e.g. bright tones of blue for bridges in

The driving experience along the motorways can be influenced

stead of saturated red tones). Furthermore, it seems that the initial

positively by the color of “lifeless” elements like noise barriers,

preference in the blue hue is also proved in this research but only in

bridges, sign poles, light poles and railings.

high levels of brightness.
Specifically for the motorway element “noise barriers” it was

The results of this research suggest that the initial hypothesis

expected that the red hue would not be preferred because it can

is correct. The designing phase will test in a real life situation this

create aggressive and advancing feelings; the overuse of fully

influence.

saturated red can add to the complexity of a space. Orange, on the

As it was already mentioned in chapter 3, some colors evoke

other hand seemed to be more welcoming, warm and luminous, a

arousal and excitement, while others evoke naturalness, quietness,

fact that was also proved from this research. Finally the hue green

and relaxation. The results of the research proved for once again the

is the color that created mostly positive feelings and therefore it

people prefer environments with moderate levels of arousal, high

was mostly chosen from the respondents. Existing literature and

levels of naturalness, and relaxation. Saturation but also brightness

this research illustrate similar results.

5

are indeed more important than hue attribute in attracting attention
and therefore preference. The results are following the existing
literature in which brighter and more saturated colors are more
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5.3 Designing principles

According to the results extracted from the visual preference

situation, its highest levels of brightness and the lowest levels

survey and prior research, a series of principles can be designed. It is

of saturation are preferred.

important to understand that the final tones of the colors selected

6. Green tones are the most preferred and can be used in

are highly specific and can only be used under the theoretical

most situations.

framework built for this research. If one of the parameters used in

7. Red tones are least preferred and should be used with

this research changes then the results could give a different image

careful consideration.

and the resulting principles may not be applicable.

8. If contrast is needed yellow and orange tones can be used

The following points can be concluded :

for more conservative impression/feelings.

1. The more “open” the landscape is, the more lighted tones

9. If contrast is needed green and red (in specific darker/

of colors are preferred.

saturated tones) can be used for more positive impression/

2. The more “closed” the landscape is, the more saturated-

feelings

dark tones are preferred.

10. The perceived scale of the motorway is smaller in the rural

3. The more “closed”  the landscape is, the less color differences

landscape (open landscape), therefore colors can be used

are preferred.

more in these landscapes to create contrast and excitement.

4. The more “open” the landscape is, the more color differences

12. In a forest landscape the height and mass of the trees tend

are preferred.

to dominate the image perceived by the users, therefore

5. In landscape panoramas in which the sky has the main role,

dominant color tones are not advised.

5

lighted blue tones are preferred. For other colors in the same
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5.4 Discussion

By ending this part of the project a lot of things are interesting

be expected in the preference of colors.

and can be discussed. This project started with a great enthusiasm

Let us not forget that we cannot talk about colors without

in extracting significant results in the connection between colors,

all the parameters effecting them. Until this moment the whole

motorway elements and the preference of people. It seems that

research was based on “static panorama images”; we talked about

this was achieved but it would be a mistake to say that these results

the factors which affect the people’s preference and one of the

can be used exactly as they are in further research; let us elaborate

most important was “time”, while others were the surrounding

this.

colors, textures, materials etc.. In the whole process this factor was
The research for this project appeared to be more difficult than

not tackled and this was for a reason. This research can become one

expected. In the beginning of the process the steps were really

of the necessary steps to create a concrete image about colors. It

clear and recognizable. Further into the research we were going the

is only possible according to the existing delimitations and cannot

more blurry the steps were becoming. We came to the realization

produce generalizations. Every one of the parameters introduced in

that color is one of the most complex attributes to approach and

the theory must be separately studied and combined at the end.

the more scientific we want to become the more delimitations have

With a careful translation of the results into principles we came

to be drawn. This is something that anyone who is willing to work

into the last given graphic. Even though until now we tried to be

with color should know.

concrete and secure in the given results from now on an effort will

The principles introduced in this part are quite interesting to

be made to use the principles in a design; this makes it already a

understand. It should be here mentioned that it is not advised to be

challenge and this is the way that it should be seen. The experience

used exactly as they are seen but create an awareness of what can

already mentioned will be for the first time addressed. How can we

5
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talk about experience if time is not involved? How can we move
from the static images to a livable experience?

can be used more freely.
By ending this discussion let as make clear the complexity of

In this part you can already see that there are a lot of gaps

the project and the possibilities and gaps that are waiting to be

waiting to be filled in the research. This project is an effort to

filled. Let us “experience” through the designing phase and keep

answer some questions and create the base for a further research.

an open mind for the future of the motorway design.

In this framework the results are significant but any other addition
has to be tested in a new theoretical framework. The following
designing phase uses the principles in a challenging way, but it
will rise questions for sure. For this reason we state that from now
on we will address the experience and introduce “time” into the
design but the results should be tested in future research. The
possible combinations are numerous. According to the designing

5

alternatives, which are going to be introduced in the next chapter,
a selection of specific combinations is selected.
In future research all the possible combinations can be
addressed and then tested. The delimitations and flaws of this
researched should be in the future tackled and combined with the
results of this project. Only then this research can be complete and
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Designing phase

6.1 The case of A2 motorway - Analysis

Motorways are established across the whole country.

The interest of this project is focusing on a part of the motorway;

There   character can be influenced by several parameters. The

the part from Amsterdam until ‘s Hertongenbosch. This selection

A2 motorway is one of the most utilized motorways across the

was made mainly for the following two reasons:

Netherlands. Numerous users are driving along the A2 and traverse

1. All five of the researched elements can be found along this

the designed experiences. The A2 is one of the longest motorways

part of the motorway (noise barriers, bridges, light poles, sign

(appro. 214km), from Amsterdam to Maastricht. Because of his

poles, railings) so the test of the results is possible.

length it comes across various kinds of landscapes and therefore

2. A lot of changes are already being executed (e.g. widening

experiences.

of the motorway, new noise barriers). Therefore new ideas
can be easier implemented.
In the first part of the analysis for the A2 motorway the different
landscapes are identified. Layers of the water landscape, green
landscape and built-up landscape were created so that each part of
the designed A2 could be characterized. The types identified are:
Figure 6.1
The A2 motorway
begins from
Amsterdam in the
North and ends up
in Maastricht all the
way to the South

1. City landscape
2. Water landscape

6

3. Open landscape
4. Semi – forest landscape
5. Forest landscape
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As can be seen four out of the five types of landscapes were

solutions.

researched in the previous phase of this project. Therefore, the
results will be tested according to these four types; water landscape,
open landscape, semi-forest landscape, forest landscape.
The distinction between these types is not always clear but
there is an interesting transition from one type to the other. The
designing phase will address this transition.
In addition several video’s of this part were recorded in
an effort to experience the existing situation and identify the
surrounding landscapes “on sight”. Several photos were gathered
from Amsterdam until ´s Hertogenbosch, in which the different
kinds of landscapes were identified.
In the following pages the analysis is translated into maps
for a better understanding of the existing situation. The first map
illustrates the area and gives the different landscape layers while

6

the second gives an idea of the “on sight” view of the motorway.
According to the principles designed in the previous chapter every
part of the motorway can be redesigned and intergrade the color
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6.2 Design alternatives

In an effort to design the experiences of the users along the A2
motorway a critical question seeks an answer:

1. Reviving the landscape

The first design alternative is based on the concept of reviving
the surrounding landscape. The motorway, for this design, is
an addition to the pre-existing landscape and comes second in

“Which is the main goal of the design and how could the resulting

importance. Here the motorway is considered a separator that leads

principles been applied?”

to the division of the continuity of the surrounding landscape.
In an effort to built a framework the following designing

The principles, as given in the previous chapter, are not focused
on parameters such as safety and capacity of the motorway but
only in the sensory attributes and therefore the experience of the
users.
To be able to answer the question, three possible designing
alternatives are formulated. In the next pages these alternatives
will be presented. After the explanation of each one of these
alternatives a decision will be made for the final design concept.
The chosen design alternative will meet most (if not all) of the
design principles.

guidelines can be formulated:
1. Use of neutral, unattractive colors for the mass
of the motorway
2. No color changes in the materials of the
motorway so that the user can focus on the color
changing in the landscape
3. Visible landscape changes across the motorway;
this means less distraction from the motorway
elements

6
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2. The imposing motorway

The next design alternative is based on the power of the
motorway. The surrounding landscape becomes inconsequential
for the designing of the experience. The motorway is imposing its
power over the landscape and attracts the attention of the users.
The landscape changes are not expressed in any way in the design
of the motorway.
In an effort to built a framework the following designing
guidelines can be formulated:
1. Use extreme color differences along the
motorway which will attract the interest of the
users
2. Use of the different motorway elements which
are visible
3. No connection between the landscape and the

6

motorway; the motorway is existing for practical
reasons and his character should illustrate that
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3. The coexistence of motorway and landscape

The last alternative attempts to create a link between the
motorway and the surrounding landscape. The importance and
existence of both is critical. The two different types of forces
seek balance and the final experience is a  marriage of natural and
artificial elements. The motorway evolves its character by including
the attributes of the natural environment.
In an effort to built a framework the following design guidelines
can be formulated:

1. Use of colors only when applicable
2. Use of colors to describe the character of both
motorway and landscape
3. Integration of the artificial character of the
motorway with the natural character of the

6

surrounding landscapes using connecting colors
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6.3 Evaluation

The three alternatives given are going to be evaluated in this
paragraph. The advantages and disadvantages of each approach
are going to be discussed and the selection of the final design will
be made.

+

-

Reviving the landscape

The imposing motorway

The coexistence of motorway and landscape

1. Connection with nature

1. Focus on the driving task

1. Interesting driving experience

2.Experience of the seasonal changes

2.Safety

2.Realization of the surrounding landscapes

3. More relaxing driving experience

3. Acknowledgement of the motorway

3. Education/history of the landscape

4. Appreciation of the landscapes

character

4. Interaction between motorway/landscape

1. Alienation from the motorway

1. Alienation from the surrounding landscapes

2. Rejection of the motorway character

2. Detachment from the cultural background

x

6

3. Probable accidents/distraction while driving 3. Disturbance of present ecological corridors
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6.4 Optimizing colors along the A2 - Live the experience

After the analysis of the three alternatives, a selection was

the creation of video. The selected area of the motorway was

made. “The Coexistence of motorway and landscape” design

filmed and the film was then divided into frames of 3 seconds

alternative gathered the most advantages while it did not show any

per frame. This resulted into 26 continuous photos. Each photo

significant disadvantage. The design possibilities of this alternative

was then manipulated according to the principles. The resulting

are more interesting and relevant with the results of the research.

photos were then once again combined in a video and therefore

In an effort to design the experience while driving along the

a complete experience. In the next pages these 26 photos will be

researched types of landscapes/motorway elements, one of the

presented and explained. At the end they will be combined in an

previous motorway panoramas was selected. The criteria for this

“experience booklet”. A booklet of the existing experience will be

selection were:

also provided.

a. The availability of all five researched motorway elements
(noise barriers, bridges, sign poles, light poles and railings),
b. The combination of several types of landscapes such as
forest, semi-forest, and water landscapes
It is obvious that experience cannot be something static. It
would be a mistake to design static photo impressions and translate

6

the results of the research into incoherent, lifeless impressions. This
means that an alternative method had to be used and the individual
photos could be combined into a integrated experience.
The method used for this part of the design phase was
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BOOKLET BEFORE
and booklet after

6
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Explanation

The noise barriers are adapting a more saturated orange tone (h:30, s:100%, b:50%). The selection of this tone is based on
the existing surrounding landscape of forest. The idea is to use the noise barriers as “trunks” for the existing vegetation.
The result feels more natural and less attracting. The railings and the light poles are selected in color green (h:100,

6

s:100%, b:20%) and also in higher levels of saturation. The users of the motorway can distinguish that the area which are
traversing at this point is a forest area. The goal is the connection of the surrounding landscape with the motorway.
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For the sign poles the color selected is blue in a high brightness and low saturation (h:240, s:20%, b:100%). The idea is to
introduce the users to the new upcoming type of landscape. They can already distinguish the blue-ish bridge on the far
back, an element which indicates the water landscape. The transition from the one type to the other starts from this

6

motorway element.
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The color of the light poles is changing to yellow and to a rather saturated tone (h:60, s:100%, b:20%). The railings in the
right side of the road have disappeared, indicating the change to the upcoming water landscape. For this part, between
the forest and the water landscape, the light poles are adapting this color.

6
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The color of the railings but also the light poles is changing to color red (h:0, s:100%, b:20%). The new type of landscape
(water landscape) is introduced with this exchange. The blue-ish color of the bridge can now be better seen and
experienced. Blue indicates the existence of water but also integrates smoothly to the blue-ish spring sky.

6
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After traversing the water landscape, the users of the motorway, are driving towards the semi-forest landscape. The
light poles and the railings for once again are changing their color to green (h:100, s:100%, b:20%). This indicates the
change of the landscape but also tries to unify the color of light poles and the vegetation of the semi-forest landscape.

6
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6.5 What if...? - The epilogue

While looking at the results of the designing phase a few

have to say “yes, but...”.

concrete things can be noticed. With the help of the researched

This research taught us something really important; when you

colors a design proposal was established in an aim to balance the

want to approach color, several parameters have to be taken into

motorway with the surrounding landscape. The final color tones

account. It is necessary to research each an every one of them but it

selected made this balance possible. Blue-ish tones introduced us

is also necessary to test the combinations. In this project the color

to the water landscape, green-ish tones brought us closer to the

was combined with the surrounding landscape and a pattern was

surrounded semi-forest landscape. These selection aimed in two

distinguished (e.g. principles). Through the designing principles an

things:

effort to create combinations was made. All the puzzle pieces were

a) Satisfy the preference of people (design by principles)

now connected into an illustrated “experience” and not as a static

b) Connect the motorway with the surrounding landscapes

image. Even though the preference was tested separately for each

This designed “experience” was the result of these two
parameters.
Coming to the end of this research a lot can be learned but also

motorway element in a specific surrounding landscape, the final
experience proposed a combination. This by itself is a challenge
and should be further tested.

discussed. Definitely color cannot be considered an easy research

For this reason and before we end this research, another

field   with clear boundaries and results, as already mentioned.

proposal will be given. The use of colors in the previous experience

What makes is so exiting is actually the precise opposite. Many

was based in the connection between the motorway and the

researchers before me tried to distinguish a pattern in color use

surrounding landscape. If the aim is different the selection of colors

and creation of feelings in humans; did they succeeded? ... I will

can also differ. Depending on the story you want to tell different

6
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hues (saturation, brightness) can be used. As the survey already
taught us, people can change dramatically their preference after
visualizing the alternative. This means that they are open to new
combinations even though in the beginning they maybe refuse
them.
For this reason this final alternative will be given in an effort to
prove exactly that. Some people will like it while others will refuse
it, which for once more will prove that colors and their use needs
to be researched and tested. The aim will be different and opposite
from the previous one. So “what if...?” we want to distinguish the
motorway element of the “bridge” as a focal point and make the
“experience” until that point more relaxing.
With these thoughts we are putting an end to this research and
hope to see more interesting and challenging approaches in colors
in the future. Enjoy and let yourselves into the magic of colors.

6
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BOOKLET

6

Page 96

Designing phase

6

Page 97

References

References

Bibliography
Albers, J. (2006). Interaction of Color: Revised and Expanded
Edition (Rev. Exp. ed.). Yale: Yale University Press.
Ballast, D. K. (2006). Interior Design Reference Manual (3rd
ed.). Belmont CA: Professional Publications (CA).
Batcelor, D. (2008). Color - Documents of Contemporary Art.
Cambridge, Massachusetts: The MIT Press.
Berleant, A. (2004). Re-thinking aesthetics: rogue essays on
aesthetics and the arts. Hampshire, England: Ashgate Publishing,

Routeontwerp.

Steupunt

Routeontwerp

en

atelier

Rijksbouwmeester. Den Haag.
Cheshire, G. (2006). Light and Color. London: Black Rabbit
Books.
Dewey, J. (1934 [1980]). Art as Experience (reprint). New York:
Wideview/Perigree.
English, J., & Nelson, G. S. (2008). Human Vision During the
Walking Process. Texas: Nelson & Associates.

Berns, R. S. (2000). Billmeyer and Saltzman’s Principles of

Fairchild, M. (2002). Status of CIE color appearance models.

Color Technology ( 3rd Edition ed.). Canada: Wiley-Interscience,

9th Congress of the International Colour Association, (pp. 550-553).

John Wiley & Sons, Inc.

Rochester, NY, USA.

Birren, F. (1978). Color & Human Response: Aspects of Light
and Color Bearing on the Reactions of Living Things and the Welfare
of Human Beings. Canada: John Wiley & Sons, Inc.
Birren, F. (1963). Color for Interiors. New York: Whitney Library
of Design .
Bleicher, S. (2005). Contemporary color theory and use. USA:
Cengage Learning.

Feisner, E. A. (2006). Colour. Laurence King Publishing.
Gage, J. (2000). Color and Meaning: Art, Science, and Symbolism
(1st ed.). Berkeley and Los Angeles, California: University of
California Press.
Gage, J. (1993). Colour and Culture: Practice and Meaning from
Antiquity to Abstraction. London: Thames & Hudson.
Greene, B., Fisher, & Baum. (2001). Environmental Psychology

References

Ltd.

Brouwer, J., & van Zelm van Eldik, D. (2006). Inspiratie

Page 100

References

Journal Articles

Itten, J., & Birren, F. (1961). The elements of color: a treatise on
the color system of Johannes Itten, based on his book The art of
color. Germany: John Wiley and Sons.
Kaplan, S., & Kaplan, R. (1989). The experience of nature: A
psychological perspective. New York: Cambridge University Press.
Kreitler, H., & Kreitler, S. (1972). Psychology of the Arts.
Durham, NC: Duke University Press.
Mahnke, F. H. (1996). Color, environment, and human response:
an interdisciplinary understanding of color and its use as a beneficial
element in the design of the architectural environment. Canada:
John Wiley and Sons.
Marek, M. (2009). Landscape and Aesthetics Design Manual.
Texas Department of Transportation. Texas: DES.
Robinson, J. (1971). Highways and our environment (First
edition ed.). New York: McGraw Hill.
Vodvarka, F. (1999). Aspects of Color. 21st Midwest Facilitation
Conference (pp. 1-11). Chicago IL: Loyola University Chicago.

Ball, P., & Ruben, M. (2004). Color Theory in Science and Art:
Ostwald and the Bauhaus. Angewandte Chemie International
Edition , 4842-4846.
Brown, G. (2003). A method for assessing highway qualities
to integrate values in highway planning. Journal of transport
geography, 11, 271-283.
Burchell, B. & Marsh, C., (1992). The effect of questionnaire
length on survey response. Quality and Quantity, 26(3). Available
at:http://www.springerlink.com/content/t9q7642w85r22m66/
[Accessed February 28, 2011]
Camgöz, N., Yener, C., & Güvenç, D. (2004). Effects of hue,
saturation, and brightness: Part 2: Attention. Color Research &
Application , 29 (1), 20-28.
Crozier, R. (1999). The meanings of color: preferences among
hues. Pigment & Resin Technology , 28 (1), 6-14.
Crozier, W. R. (2008). The psychology of colour preferences.
Review of Progress in Coloration and Related Topics , 26 (1), 63-72.
Cubukcu, E., & Kahraman, I. (2007). Hue, saturation, lightness,

References

(fifth edition). Fort Worth: Harcourt College Publishers.

Page 101

References

and building exterior preference: An empirical study in Turkey
comparing architects and non-architects evaluative and cognitive
judgments. Color Research & Application , 33 (5), 395-405.
Egusa, H. (1983). Effects of brightness, hue and saturation
on perceived depth between adjacent regions in the visual field.
Perception , 12 (2), 167-175.
Guilford, J., & Smith, P. (1959). A system of color preference.

Reports
Berg, A. (2004). Snelwegbeleving: Lessen voor ontwerpers.
Utrecht: Bouwdienst Rijkswaterstaat.
Broekhorst, J. t., Coeterier, J., & Hoeffnagel, W. (1986). Effecten
van Rijkswegen op de Beleving. Wageningen: De Dorschkamp.
Vlonk, A., Crommentuijn, L., (2009). De snelweg – omgeving
van alle kanten. Roolijn (42), 3, 212-217.

American Journal of Psychology , 72, 487-502.
Kaya, N., & Epps, H. H. (2004). Relationship between Color and
Emotion: A Study of College Students. College Student Journal (3),
396-406.
Zajonc, A. (1976). Goethe’s theory of color and scientific
intuition. American Journal of Physics , 44 (4), 327-333.
Whitfield, T., & Wiltshire, T. (1990). Color psychology: a critical

Conference Proceedings
Fairchild, M. (2002). Status of CIE color appearance models.
9th Congress of the International Colour Association, (pp. 550-553).
Rochester, NY, USA.
Vodvarka, F. (1999). Aspects of Color. 21st Midwest Facilitation
Conference (pp. 1-11). Chicago IL: Loyola University Chicago.

review. Genetic Social and General Psychology Monographs , 116,
385-411.

emotions. Journal of Experimental Psychology , 123, 394-409.

References

Valdez, P., & Mehrabian, A. (1994). Effects of colors on

Page 102

Appendices
I. The survey
II. Tables
III. Statistical analysis

Appendices

Appendices

Appendix I

Page 106

Appendices

Appendices

Page 107

Appendices

Appendices

Page 108

Appendices

Appendices

Page 109

Appendices

Appendices

Page 110

Appendices

Appendices

Page 111

Appendices

Appendices

Page 112

Appendices

Appendices

Page 113

Appendices

Appendices

Page 114

Appendices

Appendices

Page 115

Appendices

Appendices

Page 116

Appendices

Appendices

Page 117

Appendices

Appendices

Page 118

Appendices

Appendices

Page 119

Appendices

Appendices

Page 120

Appendices

Appendices

Appendix II

Page 121

Appendices

Appendices

Page 122

Appendices

Appendices

Page 123

Appendices

Appendices

Page 124

Appendices

Appendices

Page 125

Appendices

Appendices

Page 126

Appendices

Appendices

Page 127

Appendices

Appendices

Page 128

Appendices

Appendices

Page 129

Appendices

Appendices

Page 130

Appendices

Appendices

Page 131

Appendices

Appendices

Page 132

Appendices

Appendices

Page 133

Appendices

Appendices

Appendix III

Page 134

Appendices

Appendices

Page 135

Appendices

Appendices

Page 136

Appendices

Appendices

Page 137

Appendices

Appendices

Page 138

Appendices

Appendices

Page 139

Appendices

Appendices

Page 140

© Iliana Gkini, 2011

