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Preface
I would like start with expressing my gratitude to my supervisory team, 
consisting of Sylvia Pont, Charl Smit and Simon Aerts. Everyone’s expertise 
is highly appreciated and it helped me to obtain a lot of knowledge and 
experience about the context of the project.

The motivation for doing a graduation project derived from the elective 
course Lighting Design at the Industrial Design Engineering faculty. The 
course assignment to deliver a multi sensory experience, sparked a lot of 
joy and interest in the field of lighting design. The scope for this project 
originally started with a conversation with Simon about Highlight Delft and 
the next festivals’ theme which was perception. In addition, after the lighting 
design course, Sylvia and Charl expressed that they would be available to 
supervise my graduation project. After an explorative meeting with Sylvia 
and Charl, the scope of the project was defined. Creating an interactive light 
and sound installation with holographic projection and spectral tuning which 
communicates a certain perceptual phenomenon to the visitors of Highlight 
Delft. This scope changed over the course of the project to come to a final 
design that has more focus and is better tailored to the audience. 

The installation will be made for Highlight Delft, an innovative art and 
technology route through Delft. Since the beginning, Highlight wants to 
present innovative ideas of the future. They showcase work by artists, 
designers, researchers and companies. The organisation strives to display 
the art at unique locations in the city of Delft. While the installation is made 
for Highlight, it does not function as a typical client. Highlight will not directly 
be involved in the graduation project. This means that there is creative 
freedom without the interference of the organisation. During the graduation 
project, Highlight always had the option to not include the installation that 
would originate from the project.  
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Summary
The project originated with the goal of creating an interactive light and sound 
installation for Highlight Delft, an innovative art and technology route. This 
involved incorporating holographic projection and spectral tuning to convey 
a specific perceptual phenomenon. The initial phase included extensive 
research into holographic projection, spectral tuning, and a broad literature 
review on perception. Experimentation with acquired knowledge informed 
the practical application, distinguishing effective principles and guiding the 
design process.

From the experimentation phase, three design directions emerged, with the 
idea of projecting coloured visuals on multiple layers of semi-transparent 
textile standing out. Tuning the projection in terms of colour and timing 
allowed visuals to move between the textile layers. By integrating storytelling 
into the concept a design brief emerged. However, during the development 
of the first concept, the design brief missed focus, leading to more complex 
ideas. Emphasizing communication, the focus shifted to conveying how 
spectral tuning can influence depth perception in the current setup. This 
resulted in the emergence of concept 2 with a simplified design involving two 
layers of textile and a projector.

A preliminary test of concept 2 revealed a need for additional information 
to enhance understanding and appreciation. The addition of an illustrative 
introduction before experiencing the installation, significantly improved 
attributes such as perceived depth, beauty, immersion, engagement, and 
coherence. These insights guided refinements in the final design, including 
a shortened visual narrative, added audio for increased engagement, and an 
elaborate exhibition space design. Attention was consistently committed to 
communication at various levels.

A final validation test produced varied results but consistently high scores on 
every attribute. Feedback and recommendations from the test were well-
received, eliminating ambiguities. Even individuals outside the test expressed 
enjoyment of the experience. Despite the project’s initially broad scope, a 
focused approach, particularly in communication, developed in a final design 
that communicates clearly and evokes joy and interest in viewers. 



5

List of definitions
Absorption
Absorption refers to the process by which a material assimilates incident 
light rays, leading to a reduction in light intensity.

Transmission
Transmission is the passage of light through a material without being 
absorbed or scattered. 

Reflection 
Reflection occurs when light bounces off a surface, following the law of 
reflection, which states that the angle of incidence equals the angle of 
reflection. 

Scattering
Scattering involves the random redirection of light in all directions when it 
interacts with small particles or irregularities in a medium. 

Refraction
Refraction is the bending of light as it passes from one medium into another 
with a different optical density. 

Diffuse
Diffuse lighting refers to uniform and evenly distributed light across a 
surface, minimizing shadows and reducing glare. 

Uniform
Uniform lighting, similar to diffuse lighting, provides consistent and even 
illumination over a given area or surface. 
 
Distribution
Lighting distribution refers to the pattern or arrangement of light intensity 
across an illuminated area. 
 

Incident angle
The incident angle is the angle at which light or a ray of light strikes a sur-
face. It is measured relative to the normal (perpendicular line).

Diffraction grating
A diffraction grating is a device with a precise pattern of closely spaced slits 
or grooves. It disperses light into its component wavelengths, producing a 
spectrum. 
 
Colour temperature
Colour temperature is a characteristic of light sources, describing the 
perceived warmth or coolness of their emitted light. It is measured in Kelvin.

Hue
Hue refers to the attribute of colour that distinguishes one colour from 
another on the colour wheel. It is the quality that allows to describe colours.

Saturation
Saturation, also known as chroma, represents the intensity or vividness of a 
colour. Highly saturated colours appear pure and vibrant, while desaturated 
colours tend to be more muted or pastel.

Luminosity
Luminosity is the perceived brightness of an object or colour, irrespective of 
its hue or saturation. It is associated with the overall lightness or darkness of 
an area and is often quantified in the CIELAB colour space.

Luminance
Luminance is a measure of the amount of light emitted or reflected from a 
surface. 

RGB
RGB stands for red, green, blue, and it is a colour model that represents 
colours by mixing these three primary additive colours.

CMYK 
CMYK is a subtractive colour model used in colour printing, where colours 
are created by subtracting varying amounts of Cyan (C), Magenta (M), Yellow 
(Y), and Key (K, black) ink from a white background.
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This chapter functions as a wide-ranging exploration in the context of the 
project. As the project is only defined by the two technologies spectral 
tuning and holographic projection, and a to be communicated perceptual 
phenomenon, research is necessary to achieve a greater understanding of 
the technologies and perception. A general understanding of perception is 
achieved to subsequently explore the perceptual phenomena and its use 
in light art. After the research phase, enough knowledge is acquired to do 
the experiments to explore how gained knowledge functions in practice. 
Researching was a continuous process during the project and it was 
therefore continuously relied upon during the experimenting and defining 
phase as well.

Research
1
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1.1 Holographic 
projection
Optics
As holographic projection, spectral tuning and visual perception cover the 
behaviour of light and how it interacts with matter, it is important to cover 
optics, as it forms the fundamental framework for these interactions. Optics 
concerns describing the behaviour of light, mostly the electromagnetic 
radiation around the part of the electromagnetic spectrum visible to the 
human eye. Optics can be divided into three categories to describe light: 
physical optics, geometrical optics and quantum optics. This report only 
considers physical optics and geometrical optics as quantum optics is 
focussed on describing photons and how it interacts with atoms and 
molecules, which is not relevant for the context of this project.

Physical optics studies the nature of light and how it interacts with matter 
(Katz, 2002). 
Physical optics examines interference, diffraction, polarisation, and other 
phenomena where geometric optics is not comprehensive enough to make 
approximations with rays. Physical optics can be seen as an method which 
is in between geometric optics and exact physical theory, because it uses 
waves in comparison with geometric optics, but does not use the exact 
theory to do this (Wikipedia contributors, 2023a). 

Geometrical optics is a branch of optics that deals with how light is 
propagated, reflected and refracted (Katz, 2002). It concerns the behaviour 
of light as it interacts with optical systems, such as lenses and mirrors, but 
it simplifies the study of light by treating it as rays rather than waves. This 
simplification is valid when the wavelength of light is much smaller than 
the size of the objects and apertures involved, which is typically the case 
for visible light. Light is represented as a ray which is a straight line that 
indicates the path along which light travels (Toal, 2023). This simplification 
makes it easier to analyse the behaviour of light as it interacts with optical 
elements.
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Holographic projection
Holographic projection is a holographic technique that projects 2D imagery 
of 3D scenes in such a way that it appears like a spatial 3D scene. While 
holograms recorded with a photographic film, are static 3D images that 
require specific viewing conditions, holographic projection involves real-
time creation of dynamic 3D images that can be projected into space or 
onto surfaces. These differences make holographic projection suitable for 
applications such as presentations, entertainment, and interactive displays, 
while holograms on photographic film are typically used for static 3D 
imaging. There are several different methods and technologies used for 
holographic projection. Often technologies are combined to strive for high 
quality projections with wide viewing angles. A list of several holographic 
projection techniques are listed below. 

Pepper’s ghost
Pepper’s ghost is an optical illusion technique where an object or image is 
reflected on a transparent surface (Gentet & Lee, 2022). The viewer will see 
the reflected object or image which has depth blended in a real environment. 
A setup of the technique can be seen in figure 1.1. This technique is often 
used in theatrical performances, museums, and theme park attractions. 
The technique is not holographic, but shows aspects from it in a budget-
friendly, effective way. Figure 1.2 shows an artwork where the pepper’s 
ghost technique is applied on three separate layers combined with real 
objects positioned between the layers. Such a setup could be interesting in 
the context of this project, by applying spectral tuning on the real objects in 
between the layers.

PepperScrim 
PepperScrim is a variation of the pepper’s ghost technique and uses a highly 
transparent metallic, mesh fabric to reflect projections. In comparison with 
pepper’s ghost, it is not needed to have the reflective surface in an angle of 
45 degrees and the fabric can have front and rear projection (Showtex, n.d.)

Light field displays
Despite the fact that light field displays are not based on the same principles 
of holographic projection, the technique still aims to create three-dimensional 
imagery. Light field displays capture and project light rays from different 
angles, creating a realistic 3D effect. 

Light field displays work by capturing and projecting a multitude of different 
views of a 3D scene simultaneously. Traditional 2D displays show a single 
perspective of an object, but light field displays capture and reproduce the 
various perspectives and viewpoints of an object or scene.

For the continuation of this project, it is important to provide an overview 
on the characteristics of holographic projection (HP). This could be of value 
when experiments or ideas needs to be evaluated, but do not form a strict 
requirement during evaluation. The characteristics are based on the different 
projection techniques and holography aspects described previously.

1.	 Three-dimensional: HP creates representations of objects or scenes that 
appear to be three-dimensional, allowing viewers to perceive depth and 
spatial relationships between objects.

2.	 Parallax: HP exhibits parallax, meaning that the image appears differently 
when viewed from different angles, providing a sense of depth.

3.	 Perceived depth: HP creates a convincing illusion of depth, with objects 
appearing to have volume and occupying three-dimensional space.

4.	 Viewing angle: Viewers can often interact with projections by changing 
their perspective, moving around, and observing the image from different 
angles to explore the 3D content.

5.	 Dynamic content: Some holographic projection methods allow for the 
creation of dynamic, real-time holographic images that can change or be 
interactive.

Figure 1.2: Three pepper’s ghost layers 

Figure 1.1: Pepper’s ghost (Gentet & Lee, 2022)
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1.2 Spectral tuning
Spectral tuning is our capacity to regulate light at different wavelengths via 
engineering and product development (Eaton, n.d.). By making deliberate 
adjustments or modifications of the spectral composition of light emitted by 
a light source, specific lighting objectives or desired effects can be achieved. 
The spectral composition of light refers to the distribution of wavelengths 
or colours within the visible spectrum. The continuous development of 
light sources and the continuous research on the effects of light on matter, 
facilitates a shift in considering light more in terms of their applicability. 
Below, the key aspects of spectral tuning can be found to provide a clear 
overview of what it consists of. 

Manipulating wavelengths 
Spectral tuning involves changing the relative intensities of different 
wavelengths of light emitted by a light source. This can be done through 
various methods and technologies like optical filters, diffraction gratings, 
LEDs and photonic crystals. Each technology offers its own advantages per 
application or context. 
 
Colour temperature control 
One common application of spectral tuning is the control of colour 
temperature. Studies show the importance of colour temperature on human 
performance. Research by Rautkylä et al. (2010) shows how a 17,000K light 
source maintains higher alertness levels in lecture halls in comparison with 
4,000K light. Besides having effect on our alertness, colour temperature 
can also influence the perception on our thermal sensation and comfort 
(Brambilla et al., 2020). Controlling the colour temperature can have a great 
influence on how we perceive our surroundings.

Circadian Lighting 
Circadian lighting is lighting intended to have a biological effect on the 
human circadian system. Spectral tuning plays a crucial role in circadian 
lighting, which is designed to mimic the changing spectrum of natural 
daylight throughout the day (Bios, n.d.). This can help regulate our circadian 
rhythms, improve alertness during the day and promote better sleep at night.

Colour Rendering 
One of the most important aspects which can be controlled by spectral 
tuning is colour rendering. It refers to how accurately a light source renders 
the colours of objects in comparison to natural daylight. In some case, 
spectral tuning can be used to adjust the colour rendering to enhance or 
diminish certain colour properties. For example, by spectrally tuning a light 
source, the colours of the surrounding objects can be enhanced in terms of 
vibrancy and saturation. The colour rendering can have a great effect on the 
colour discrimination, which is the ability to distinguish colours (Kruisselbrink 
et al., 2018). 

Applications 
Spectral tuning has a wide range of applications across various industries 
and settings due to its ability to customize the spectral composition of 
light to achieve specific goals. There is a rise in human-centric lighting that 
support human well-being and circadian rhythms (Houser et al., 2020). 
This is particularly valuable in healthcare settings, offices, and residential 
environments. The applications above can already be achieved with a small 
amount of LEDs. The example in figure 1.3 and 1.4 shows a situation where 
multiple LEDs are used to influence the colour discrimination. Multiple 
LEDs facilitate even more control when tuning the light spectrum. In white 
light the skull of the triceratops clearly shows that it consists out of two 
different materials, perceiving two different colours. By spectrally tuning the 
environment shown in figure 1.4, the two different materials almost appear 
to have the same colour. The ability to distinguish colour is counteracted by 
the light, resulting in a skull which appears to be one whole.

Figure 1.4: Triceratops spectrally tuned 
(DyViTo, n.d.)

Figure 1.3: Triceratops in white light (DyViTo, 
n.d.)



11

1.3 Perception
The three stages of perception
Perception is a complex cognitive process through which individuals 
interpret and make sense of sensory information from their environment. 
It involves gathering, organizing, and interpreting sensory data to create a 
coherent and meaningful understanding of the world around us. According to 
research from Ou (2017) the process of perception can be divided intro three 
stages: selection, organization and interpretation. Each stages will be briefly 
explained to give a clear view on how perception can be structured. It is 
important to note that there are multiple approaches to structure perceptual 
processes, but for now the research by Ou (2017) is chosen as base and 
complemented with matching research. The research by Ou is chosen, as it 
clearly categorized the stages of perception and provided real life examples 
to make the theory more understandable and easy to interpret.

Selection 
The selection stage begins with the reception of sensory input from our 
environment through our sensory organs. Our environment is full of different 
stimuli and these stimuli are simultaneously being presented to our body 
waiting to be processed. But in reality, individuals cannot process everything 
they receive. People must filter out key aspects to prevent sensory overload 
(Middleman & Goldberg Wood, 1991). As a result, we selectively perceive 
just a small amount of the information in our surroundings. Therefore, not 
all sensory input is processed equally. Our attention is directed towards 
certain elements or features in our environment based on factors like 
novelty, intensity, personal relevance or expectations. These factors influence 
what we choose to pay attention to and perceive. The formation of such a 
subjective percept occurs by making the most accurate understanding of 
sensory inputs based on a series of hypotheses and constraints generated 
from past knowledge and experiences (Gilbert & Sigman, 2007). This 
is an example of top-down processing which influences our bottom-up 
processing. 

Organization
During this stage, the brain processes and structures the selected sensory 
data in a systematic manner, leading to the recognition of meaningful 
patterns and the creation of a coherent perceptual experience. In the 
organization stage, our brain excels at identifying patterns and regularities 
in the sensory information received. As more than 70% of our information 
is collected by vision (Mandal, 2003), perceptual grouping forms  a key 
component in the organization stage. It involves the brain’s ability to group 
individual sensory elements into coherent wholes. For example, the ability to 
gather visual components that belong to one item and separate them from 
other objects (Roelfsema, 2006). This is also the stage where cross-modal 
integration occurs, which involves integrating sensory information from 
different senses to form a comprehensive perceptual experience.

Interpretation
After categorising the selected inputs into organised and stable patterns, 
we attempt to make sense of these patterns by assigning meaning to them. 
In the interpretation stage, we consider the broader context in which the 
selected sensory information exists. This context can include our knowledge, 
memories, beliefs, and the specific situation in which the perception occurs. 
We attribute meaning to the sensory input by connecting it to our existing 
knowledge and experiences. This involves drawing on our mental schema, 
which are cognitive frameworks that help us make sense of the world. 
The sensory input often consists of a lot ambiguities. As a result, its 
interpretation becomes an undetermined problem with a whole set of 
solutions. This makes the sensory input non-veridical and idiosyncratic. Our 
brain often engages in pattern completion during interpretation. This means 
that even when we receive incomplete or fragmented sensory data, our 
brain fills in the gaps using our previous experiences and knowledge. Our 
expectations and prior beliefs heavily influence the interpretation process. 
We often interpret sensory information in ways that confirm our existing 
beliefs or expectations. This phenomenon is known as confirmation bias. 
This stage is heavily influenced by cultural differences. People with various 
experiences and backgrounds will attribute different interpretations to the 
same input, resulting in perceptual variety Ou (2017). 
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Useful principles of perception
After researching the general stages of perception, visual perception and 
other aspects which are not described in this chapter, some principles of 
perception stand out. This means that some perceptual principles, could be 
useful in the later stages of the process, enhancing the total experience of 
the installation. 

Top-down and bottom-up processing  
Bottom-up processing starts with the raw sensory data and builds up to 
higher-level interpretations. Top-down processing, on the other hand, involves 
using prior knowledge and expectations to guide perception. As described on 
the previous page, perception involves a dynamic interplay between bottom-
up and top-down processing. It would be interesting to influence these 
processes in such a way that users become aware of this phenomenon.  

Multi sensory integration  
Our brains integrate information from multiple senses to create a unified 
perception of the world. For example, when watching a movie, we combine 
visual and auditory cues to perceive a coherent storyline. Multi sensory 
integration could be used to enhance the phenomenon which needs to be 
communicated, creating a multi sensory experience.
 
Perceptual constancies  
We tend to perceive objects as stable and unchanging despite variations 
in sensory input. This includes for example colour constancy and size 
constancy. Playing with these constancies could make users aware of the 
fact that the perception of our environment is indeed non-veridical and 
idiosyncratic.

Depth and spatial perception  
Our ability to perceive depth, distance, and spatial relationships is an 
important aspect of perception. This is achieved through cues such as 
binocular vision, monocular cues and motion parallax. The installation could 
trigger these cues to play with depth perception and letting users control 
these cues to indirectly control their own perception. This fits to the theme of 
the festival ‘Do you see what I see?’.

Individual differences  
Perception can vary among individuals due to factors like genetics, past 
experiences, and sensory acuity. What one person perceives may not be 
identical to what another person perceives in the same situation.  These 
differences can be exposed to make users aware of it and creating a better 
understanding of the people around us. This also connects with the theme of 
the festival. 
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1.4 Perceptual 
phenomena
After exploring multiple phenomena, a selection of five phenomena is made 
to use in the experimentation phase. These phenomena can be found below 
with an explanation and an image, illustrating the phenomenon as clear as 
possible.

Gestalt Principles 
The Gestalt principles attempt to define the regularities that drive the 
organisation of perceptual information into unitary forms, often known as 
groups or Gestalten (Todorović, 2008). The gestalt principles can form a 
steady foundation for structuring the content of the projections. Artists use 
principles like  proximity, similarity, closure, continuity, and figure-ground to 
create compositions that guide viewers’ attention and create harmonious or 
intriguing arrangements of visual elements (figure 1.5).  

Visual flow 
Artists employ repetition, pattern, and rhythm in their compositions to 
guide viewers’ eyes and create a feeling of movement and fluidity within the 
artwork. In art, flow relates primarily to the visual flow of the artwork. Starry 
Night by Vincent van Gogh is a perfect example of a painting which guides 
the eyes of the viewer with his brush strokes, movement and colour use. 
In figure 1.6 and 1.7, the artist Sougwen Chung created illustrations which 
already embody a lot of movement, but by using different lighting patterns 
the visual flow is enhanced. Therefore, this artwork matches the context of 
the current project.

Moiré Patterns 
Moiré patterns are interference patterns created by overlaying grids or 
lines, producing dynamic visual effects that change as the pattern or viewer 
moves. Figure 1.8 shows a moiré sculpture were the moiré pattern is defined 
by the movement of the people walking by, facilitating a unique and dynamic 
pattern each time. Figure 1.9 shows a more conventional moire pattern 
created with sheets of graphene.

Figure 1.5: Gestalt principles (Priya, 2023)

Figure 1.6: Chiaroscuro (Chung, 2013) Figure 1.7: Chiaroscuro (Chung, 2013)

Figure 1.8: Moiré sculpture (Hypersonic, 
2016)

Figure 1.9: Moiré sculpture (NIST, 2010)
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Optical illusions 
Optical illusions are a result of our brain making sense of incomplete 
information. Through assumptions, our brain tries to solve the under-
determined problem. This is caused by the brain being capable of making 
sense of input which is ambiguous, causing perceptual errors like illusions 
(Fraser & Lueck, 2021). Optical illusions are often created through the 
manipulation of shapes, colours, patterns, or visual stimuli. They showcase 
how our visual system can misinterpret information, leading to intriguing and 
counter-intuitive perceptions. The illusory expansion experienced in figure 
1.10 is caused by our pupils adjusting to the darkened area in the centre 
(Laeng et al., 2022). When looking at the black hole, the pupils adapt to the 
motion illusion to prepare for a change in luminance. The Ebbinghaus illusion 
in figure 1.12 shows relative size perception. The illusion is caused by the 
size of the purple circles and their distance to the yellow circle. The brain’s 
visual perception system distorts the relative size of the yellow circle as a 
result of these modifications (brainHQ, n.d.). Figure 1.11 shows the Café 
wall illusion which is caused by irradiation illusion, where white areas are 
perceived larger in size than black areas. This version strengthens the effect 
by adding small diamonds at each intersection (Borkhataria, 2017).

Simultaneous colour contrast 
When two surfaces with the same spectral composition are set against 
distinct chromatic backdrops, they appear to have a different colour 
(Soranzo, 2016). This is known as simultaneous colour contrast. The 
appearance of a colour is influenced or altered by the presence of 
surrounding colours. This effect occurs when our visual system processes 
colours in relation to their context. Simultaneous colour contrast 
demonstrates that the perception of a colour is not solely determined by the 
physical properties of the light hitting our eyes but is also influenced by the 
colours surrounding it. As the explanation of the phenomenon changed over 
the years, the phenomenon is now interpreted based on the fundamentals of 
perceptual organisation. A surface’s apparent colour is essentially influenced 
by the global contrast between the surface and the colour of the surfaces 
to which it perceptually belongs. The examples in figure 1.13 shows the 
perceptual phenomenon by altering the hue, luminosity and saturation of the 
backdrops, changing the appearance of a single colour. Figure 1.14 shows 
examples of adjusting the backdrops in such a way that the colours in the 
centre appear as the same, but are different when placed out of the context. 

Figure 1.11: Café Wall Illusion (Skye,n.d.) Figure 1.12: Ebbinghaus illusion (brainHQ,n.d.)

Figure 1.13: Altering hue, luminosity and saturation of a single colour (Dutt, 2021)

Figure 1.14: Two different colours appearing as one (Dutt, 2021)

Figure 1.10: Illusory expansion (Laeng et al., 
2022)
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Chromostereopsis
Chromostereopsis is a perceptual phenomenon 
where the colours on a two-dimensional 
surface appear to have different planes of depth 
(Thompson et al., 1993). This phenomenon is 
particularly strong when red and blue are used 
next to each other. Other colour combinations 
can also be used like red and green. Figure 1.15 
shows a figure with multiple clear example of 
the chromostereopsis effect. Looking at the 
numbers, the red blocks with numbers are 
clearly perceived in front of the blue blocks with 
numbers. The lower part of the figure shows how 
different shades of green are all perceived to be 
on a different plane of depth. This effect is often 
utilized in art, design, and advertising to create a 
sense of depth or to make certain objects stand 
out. 

Coloured shadows
While coloured shadows are not a perceptual 
phenomenon, but falls into the domain of optics, 
it is still worth describing the effect as it can be 
interesting to use in later stages of the process.
Coloured shadows are often demonstrated using 
a light source or multiple light sources which are 
able to illuminate RGB colours and by having a 
certain distance between the illuminated colours. 
By illuminating an object with RGB colours the 
shadows will have CMY colours and vice versa. 
The effect can be seen in figure 1.16, creating a 
CMY shadow with RGB light. Coloured shadows 
can be seen as a perceptual phenomenon that 
challenges our conventional understanding 
of light and colour. It especially triggers the 
preconception that shadows are always black. 
The phenomenon works based on subtractive 
colour mixing which creates new colours when 
other wavelengths of light are removed (Hanover 
College, n.d.). Looking at the figure, the shadow 
of blue light is yellow, because the wavelengths 
that make up blue are blocked. 

Colour perception 
When light hits a surface, a part of the light 
spectrum is absorbed and the remainder is 
reflected. Thus, the colours we observe are not 
inherent in objects. Colours only exist in our 
mind. Colour is a perceptual response to rays 
of light entering the eye either directly from 
light sources or indirectly from light reflected by 
illuminated objects (Xin, 2006). Colour vision is 
the process by which the human visual system 
interprets different spectra of light as distinct 
colours. This intricate ability relies on the 
eye’s specialized photoreceptor cells, namely 
cones, which are sensitive to specific ranges 
of wavelengths. The cones contain pigments 
that absorb light, signalling the brain about the 
presence of particular colours. The perception of 
colour depends on a lot of factors. For example 
the lighting, the surrounding colours as described 
on the previous page and the state of adaptation 
of the eye. It is important to consider these 
factors when analysing the perception of colour 
and work with colour perception in general.

Figure 1.15: Chromostereopsis (Wikipedia, n.d.) Figure 1.16: Coloured shadows (Craven, 2021) Figure 1.17: Perceiving refl ected colours (Pantone, n.d.)
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1.5 Perception 
in light art

Olafur Eliasson believes in creating experiences where the people become aware of their body making 
sense of their surroundings, consequently leading to enhanced self-reflection which results in a 
more thoughtful attitude towards the outside world (Walker, 2022). The installation Beauty in figure 
1.19 consists of a dark room with a hose pipe creating mist and a single light source illuminating the 
installation. From some angles a rainbow can be seen through the mist, intrinsically motivating the 
visitors to explore the angles which provides that extra visual effect. The sketch in figure 1.18 shows 
the setup of the installation. While the real installation seems dark, all the elements from the setup are 
visible to the public. In contrast with Turrell, Eliasson shows the elements which triggers the senses 
of the visitors. He calls it seeing yourself sensing (Tate, n.d.). Visitors will become aware of how the 
setup works and how it subsequently plays with the senses. The artworks of Olafur Eliasson are further 
explored on the bottom of the next page.

By analysing the work of renowned artists work-
ing with light and perception, it becomes clear 
how they communicate perceptual phenomena 
to audiences at a high quality.

James Turrell describes most of his work as having no object, image or focus. This facilitates a situation 
where you are looking at you looking, trying to create an experience without words circulating through 
your thoughts (Herd, n.d.). Despite the fact that The Light Inside in figure 1.21  functions as tunnel 
between two spaces of a museum, it provides the visitors with a transition which triggers their spatial 
perception. By illuminating the sides with a uniform field of colour where the edges can hardly be seen, 
Turrell is creating a Ganzfeld. The Skyspace in figure 1.20 shows an example where a Ganzfeld effect 
with artificial light is combined with natural light. The interaction of natural and artificial light challenges 
the perception of the light intensity from each source (Rahimi & Steen, 2020). As clouds come and go, 
the perception of depth is challenged. Clouds facilitate depth cues and a blue sky facilitates a visual 
field where it is hard to grasp the perception of depth. The slowly changing colours on the ceiling create 
a continuous interplay of colour interaction. Turrell chooses to hide light fixtures and does not obstruct 
the sky with glass windows  to strengthen the feeling of having no objects to focus on and subsequently 
strengthen the experienced perception. 

Figure 1.21: The Light Inside, James Turrell (Herd, n.d.)

Figure 1.19: Beauty, Olafur Eliasson (Berg, 1993)Figure 1.18: Sketch for Beauty, Olafur Eliasson (Tate, n.d.) Figure 1.20: Skyspace, James Turrell (Lauer, 2022)
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Figure 1.22: Seu corpo da obra, Olafur Eliasson (Strasnick, n.d.)

Figure 1.25: Between You and I, Anthony McCall 
(Glendenning,2006)

Figure 1.24: Between You and I, Anthony McCall (i8, n.d.)Figure 1.23: Your ocular relief, Olafur Eliasson (Tom Powel, n.d.)

Figure 1.22 shows a labyrinth designed by Olafur Eliasson. The labyrinth consists of coloured plastic 
sheets in cyan, magenta and yellow. By walking through the maze new colours appear when sheets 
overlap each other. The maze creates spontaneous compositions that continuously shift by the 
movement of the viewer through the area (Eliasson, n.d.). It is interesting to note that multiple artworks 
described in this section, subconsciously motivate the viewers to explore and see how they can interact 
with the work. Most artworks also provide continuous cues  to keep exploring like being motivated to 
find new colour mixtures in the maze. Figure 1.23 presents an installation consisting of rotating lenses, 
mirrors, prisms and colour filters which are illuminated by five spotlights. The light is reflected and 
refracted by the optical devices, creating a unique sequences on a curved black screen. Each optical 
device rotates at a different speed, providing constantly new sequences (Tanya Bonakdar Gallery, n.d.).

Anthony McCall is known for his innovative work in the field of contemporary art, including the 
exploration of light, space and perception. A great example of his style can be seen in figure 1.25. The 
installation consists of more-or-less conical forms created with projected light, which slowly change over 
time. The form seems as one whole, but actually consists of two forms being brought together by a wipe, 
which is a transition technique used in cinema (Ellard & Johnstone, 2006). The wipe is a slow transition 
where the new scene slowly covers the old scene, creating a unique overlapping visual. Figure 1.24 
shows the stills that are made of the projected shapes with an interval of two-minutes. McCall’s works 
often explore the fundamental properties of light and its relationship to human perception. His interest in 
the phenomenological experience of art is evident in the way he plays with the viewers’ perception and 
their role in shaping the artwork through their movements and engagement with the projected light. With 
his light projections, he sparks the intrinsic motivation to interact with the ray of light, move the body and 
see how we can influence the light (Novikova, n.d.).
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This chapter combines the experimentation phase and the define phase. 
The experimentation phase was used to experiment with the gained 
knowledge from the research phase and to see how theories would work in 
a practical sense. The define phase was to used to convert the experiments 
that showed interesting effects into multiple explorative directions. These 
directions were subsequently combined with perceptual misconceptions. 
The chosen direction is finally combined with a larger story. The define phase 
was concluded with a design brief. This chapters summarizes both phases, 
to provide enough information towards the concept phase.  

Explorations
2
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2.1 Experiments
All the conducted experiments with explanation and an analysis can be 
found in appendix 2 and 3. This page shows the main conclusions of the 
experiment phase.  

Spectral tuning
The experiment phase directly started with multiple experiments using 
spectral tuning. At first, knowledge was obtained on how the different 
tuning settings of the Ledmotive setup would influence the appearance of 
the printed colours. A simple, but effective illustration is shown in figure 
2.1 and 2.2, where the centre eye completely disappears with red light. 
Precisely tuning the spectrum of light on coloured moiré patterns, resulted 
in interesting movement and small changes in depth. After analysing the 
conducted experiments, the spectral tuning experiments showed a profound 
exploration on perception, while also relying heavily on technology.   

Organza projections 
As it was the goal to combine spectral tuning and holographic projection, 
multiple experiments were conducted in that specific direction. Especially, 
the pepper’s ghost illusion was experimented with in multiple set-ups. 
Combing both techniques did not lead to strong visual effects, nor did it 
showcase parts of perceptual phenomena that were researched. In contrast, 
the experiments with projecting on organza led to strong visual effects. 
Putting multiple layers of organza behind each other and projecting on it, 
resulted in a great 3D effect. Figure 2.3 and especially figure 2.4 showcases 
how the light is reflected on multiple layers of organza creating a 3D object 
in the air, thus showcasing similar specification as holographic projection. 
Multiple explorations were done on the organza and these experiments 
showcased how a simple technique can create strong visuals that already 
touched upon multiple perceptual phenomena. After analysing the 
experiments, the organza projections scored high on profound exploration of 
perception, while it was lightly relying on technology.

Figure 2.2: Moiré pattern illuminated with red light Figure 2.3: Two layers of organza with projected spinor + strings Figure 2.4: Five layers of organza with projected spinor + strings

Figure 2.1: Moiré pattern with all light channels on 50%
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2.2 Direction 
development

After the experiment phase, more time was 
spend on combining the experiment knowledge 
and research knowledge into a story. Connecting 
a story can help in making difficult things 
more accessible and easier to engage with. By 
coming up with a story that people can relate 
to, the threshold to link with the complicated 
scientific phenomena can be made lower. 
During the direction development, the idea 
arose to link certain misconceptions about 
perception with the gained knowledge of the 
experiments and research. This resulted in a 
list of misconceptions that were directly linked 
to the found perceptual phenomena. Three of 
these links were developed further. This can 
be seen on the right side of this page. The 
overview information is not modified since these 
directions arose. 

Phenomenon
Chromostereopsis

Misconception
Senses provide consistent information

Overview
Chromostereopsis can showcase how our 
senses can be deceived by challenging the 
impression of depth created on the organza 
layers.

Phenomenon
Coloured shadows

Misconception 
Misconception of bias

Overview
Coloured shadows on coloured organza layers 
together with dynamic RGB light has the 
potential to let the shadow ‘move’ through the 
organza layers.

Phenomenon 
Colour perception

Misconception 
Perceiving intrinsic colours

Overview
Through the interplay of coloured organza and 
tuned projections, visitors can discover how 
colour perception works and how the interaction 
of it can create a sense of depth and movement.

Figure 2.5: Chromostereopsis video projected on red and 
blue organza

Figure 2.6: Pen illuminated with RGB light, creating different 
CMY shadows

Figure 2.7: Black rectangle with glowing and changing 
gradient edge being projected on red, green and blue organza
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2.3 Direction iterations
After experimenting with the directions, the chromostereopsis and colour perception direction 
showcased the strongest expression of their perceptual phenomenon. This is also due to the fact that 
coloured shadows are not a perceptual phenomena, but is about optics. 

Figure 2.8 shows an image of the 
chromostereopsis version of The Starry Night 
by Vincent van Gogh being projected on red, 
green and blue organza. This experiment was 
conducted to explore the visual effects of a 
landscape being projected on three layers of 
organza. The colours of this version were very 
suitable for this setup. The experiment resulted 
in interesting 3D effects, as each colour was 
reflected the most on its own layer. On the other 
hand, chromostereopsis is about the perceived 
depth in a 2D image. Therefore this setup lacks 
the ability to communicate the phenomenon in 
its true form. As the phenomenon could not be 
communicated in its true form, it was chosen 
to only continue with the colour perception 
direction.

Figure 2.9 presents an iteration on the colour 
perception direction. By precisely tuning and 
timing the projections, the visuals would appear 
on the different layers, which resulted in changes 
in depth. This direction showcased that it could 
communicate two perceptual phenomena. 
Colour perception and subsequently depth 
perception. Therefore this direction is chosen 
to continue with. To make the phenomena 
more accessible to connect with a story about 
polarisation is added next to the already 
connected misconception. The polarisation 
story connects with the phenomenon of colour 
perception and is meant to connect elements of 
everyday life to elements of colour perception. 
Hopefully this story can help in making a 
scientific phenomenon more approachable.  

Polarisation story  
As the polarisation in the society is increasing, 
it would be interesting to address the societal 
challenge of growing us-versus-them thinking 
and the need for understanding and dialogue. 

The projections can resemble the society divided 
by contrasts and separation of colours. The 
symbolism should be clear, where the “us” and 
the “them” is separated and communication is 
disrupted. The perceptual phenomenon, colour 
perception, functions as a metaphor for how we 
perceive others.

Visitors can engage with the installation by 
tuning the colours and shifting the visual 
representation towards harmony and unity. This 
experience challenges the misconception that 
societal separation is intrinsic and unchanging. 
By understanding and empathizing with 
different perspectives, visitors can bridge these 
separations and work on a more harmonious 
society.

Adjusting the colour of the projections and 
observing the interaction with the organza layers 
symbolizes the need for dialogue in a diverse and 
multi-layered world.

This story aligns with the festival’s theme, “Do 
you see what I see?” by encouraging visitors 
to reflect on how they perceive others and the 
society. It serves as a reminder that societal 
polarization is not inevitable and that, like the 
perception of colour, it can be influenced and 
transformed.

Figure 2.8: Chromostereopsis version of The Starry Night on 
red, green and blue organza

Figure 2.9: Black rectangle with red coloured edge projected 
on red, green and blue organza
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2.4 Design brief
After having a clear direction on the to be communicated perceptual 
phenomenon and the story to connect with it, a design brief  was drafted. 
Below the goals, objectives and the aspects that are out of scope from the 
design brief are shown. These goals and objectives will be used at the start 
of the concept development.

Goals 
1.	 Educational awareness: increase awareness and understanding of the 

basic principles of colour perception.
2.	 Social reflection: encourage visitors to reflect on societal polarization and 

the need for dialogue and empathy.
3.	 User engagement: engage visitors through an interactive experience that 

challenge their preconceptions.

Objectives
Educational objectives
1.	 Demonstrate colour interactions: create a visual demonstration that 

showcases how coloured organza layers interact with spectrally tunable 
projections to influence colour perception.

2.	 Provide explanatory content: develop accompanying explanatory content 
to help visitors understand the science behind colour perception and how 
it relates to the installation.

3.	 Incorporate interactive learning: implement interactive elements within 
the installation that allow visitors to actively engage with and experiment 
with colour perception.

Narrative objectives
1.	 Visual symbolism: design a clear visual representation of societal 

polarization and unity within the installation.
2.	 Narrative development: create a compelling narrative that aligns with the 

festival’s theme “Do you see what I see?“ and reinforce the message of 
overcoming societal divisions through perception and understanding.

User engagement objectives
1.	 Envisioned interaction: develop an intuitive and user-friendly interface 

that enables visitors to adjust colours and view the visual effects 
representing the narrative.

2.	 User guidance: provide clear instructions and guidance to ensure that 
visitors can easily interact with and understand the installation.

Out of scope
•	 In-depth societal solutions: while the project addresses societal 

polarization, it does not aim to provide comprehensive solutions to this 
issue.

•	 Comprehensive colour theory: the project will focus on the interactions of 
colours, light and materials but will not delve into advanced colour theory.

•	 Inclusiveness: no additional design steps will be taken to make the 
installation inclusive for visually impaired people and deaf people. 
Meaning that the visually impaired people can still experience the sounds 
and deaf people can still experience the visuals. No additional design 
steps will be taken to bridge their specific impairment.

Notes
The focus will be on producing an interactive light installation. Sound will 
be implemented if there is enough time to implement it in a qualitative way. 
The goal will be to achieve both aspects, because sound can contribute to 
the experience in a great way. The installation will not take any political or 
societal position. 
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3 This chapter will explain the development of the concepts. This consists 
of concept 1, the insights from concept 1, concept 2 and an update of the 
objectives. The objectives changed during the whole project. The choice 
has been made to only show the adjustments between the objectives made 
in the define phase and after the concept phase. This will provide a more 
clear overview than constantly showing the small adjustments made to the 
objectives.

Concept 
development
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3.1 Concept 1
Progression
Concept 1 developed from a textual polarisation story to a full visual 
polarisation story with according interactions. Figure 3.1 shows the main 
steps taken in concept 1. From the beginning, the main goal was to translate 
elements of polarisation to visual effects with according interactions. An 
example of an element could be the social interaction between people, 
ranging from segregation to integration. This is then converted to a fitting 
visual representation like layer interaction, that ranges from minimal 
interaction to layer blending. This process resulted in six different visual 
representations that the visitors could influence by interacting with the 
installation. The societal polarisation is being represented by shapes inspired 
by the kiki and bouba effect. Figure 3.2 shows one of the visual scenes 
developed during the process, where kiki’s and bouba’s bounce off each other 
to showcase their indifferences. The goal for the visitors is to tune the six 
different parameters in such a way that the total visual representation shifts 
from visual polarisation to visual unity. Visual unity is being represented 
by a portal shown in figure 3.3. The circles of the portal smoothly blend 
between the layers, resembling a society that connects with each other 
again. A full overview of the visual story can be seen in appendix 4. During 
the development of the concept, a wide range of visual effects was tested to 
see what animations would achieve a clean movement through the layers. 
Concept 1 ended in a fair amount of insights about the visual effects and the 
communicative part.

Translate polarisation 
to visual effects 

Polarisation research Creating a narrative

Connect visual effects 
to interactions

Creating a 
visual story Insights

Figure 3.1: Main steps taken in concept 1

Decision to discontinue  
As concept 1 developed, the visual effects and the connected interactions 
became increasingly complicated. Despite the fact that the last step in this 
concept, the visual story, provided a structured build-up of the polarisation 
story and its visual effects, it slowly became clear that this concept was 
losing focus. The visual story and the accompanying interactions took 
the focus away from the perceptual phenomena that were meant to be 
communicated. Additionally, the green coloured projections that were meant 
for the green organza layer, also showed strong reflections on the red and 
blue organza layer. This effect is shown in figure 3.4, where green with an 
RGB value of 0,255,0 is projected on the three organza layers. Besides, the 
red and blue shapes were also being reflected considerably by the green 
organza layer. These effects made the story even more distracting, as it 
was not clear enough on which layer the visual elements were located. The 
intended effect of shapes ‘moving’ through the layers could therefore not be 
achieved properly. The arguments described above gave enough reason to 
shift to a different concept direction.

Figure 3.4: Green projected on the organza layersFigure 3.3: One of the portal explorations

Figure 3.2: Visual scene of polarisation story
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3.2 Concept 1 insights
Communication
Despite the fact that concept 1 did not produce the desired results, it 
still produced valuable insights and knowledge that could be used in the 
development of concept 2. This transition from concept 1 to concept 2 
started with the shapes projected in figure 3.5. It consists of a simple, 
static projection of a red, green and blue circle on top of each other. This 
combination effectively showcased how spectral tuning influences the 
absorption and reflection of light by the different layers and how this will 
subsequently create differences in depth. This is the core message that 
was missing in concept 1. This insight also showed that the core message 
should be the story which needs to be told directly and not the story about 
polarisation. By directly creating visual effects based on the core message, 
there is less chance that visitors get distracted by elements that do not add 
value and more chance that they will understand what the installation is 
about. These insights led to more focus on what needs to be communicated 
to the visitors.

Design and visual elements
Next to the main insight on communication, there were more insights based 
on the design and visual elements of concept 1. These insights are listed 
below.

Green
Something that is already mentioned in the previous subsection and shown 
in figure 3.4, is the negative effect of projecting green and the influence of the 
green organza layer on red and blue elements. To eliminate these undesirable 
effects, concept 2 will continue with a red and blue layer only (figure 3.6).

Motion parallax
Figure 3.7 shows an exploration of different colours of green being projected 
on the three layers. This exploration unconsciously showed motion parallax 
when the viewer changes perspective. Once again a simple static image 
communicates an essential cue that influences depth perception. 

Portal 
The portal in concept 1 was the only element that directly showcased a 
play with depth perception. While the exploration during concept 1 was 
minimal, the portal showcased a high communicative value and is therefore 
being further explored in concept 2. Another important insight during the 
exploration of the portals, was the flickering effect. The circles went from a 
high light intensity to no light intensity which caused a flickering effect. This 
effect could exclude a large group of people to watch the installation, which 
is undesirable. 

Figure 3.5: Projection of red, green and blue Figure 3.6: Change in organza layers Figure 3.7: Green rectangles creating motion parallax 
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3.3 Concept 2
Development
With the knowledge and insights gained from concept 1, concept 2 started with a quick exploration 
phase. The goal of the exploration phase was to quickly find out which visual effects would work on the 
new setup with the red and blue layer, while keeping slow transitions in mind. The exploration started 
with simple visuals shown in figure 3.8, where the red circle is clearly in front of the blue circle. These 
explorations were further expanded to animated rings creating a ripple effect shown in figure 3.9. By 
combining static, slowly fading shapes with dynamic, precisely timed fades, a visual build-up slowly 
occurred. 
 
Communication
During the development of concept 2, the communicative part became increasingly more focused. 
Figure 3.10 shows a schematic overview of the communicative development of the installation. Since 
the beginning of the concept phase, it was the goal to showcase the basic principles of colour perception 
and play with the perception of depth of the visitors. However, the intended principles fall short in 
describing colour perception. The absorption and reflection of light belongs in the field of optics, and 
the angle of incidence and perspective relative to a reflective surface is not enough to describe colour 
perception. The principles of depth perception are incorporated in the visual effects, but are quite 
scientific to directly communicate to the visitors. By zooming out on the perceptual phenomena, the 
accompanying principles and the technology spectral tuning, the communicative part became clear. The 
lower part of the scheme shows the narrative in three blocks. By using spectral tuning, the absorption 
and reflection of light can be adjusted to influence the perception of depth. The concept still shows some 
principles of colour perception, but this will not be part of the core message.

Figure 3.8: First red and blue circle exploration Figure 3.9: Multiple rings creating a ripple effect

Colour perception Angle of incidence

Absorption and 
reflection

Change of 
perspective

Figure 3.10: Development of the communicative part

Depth  
perception

Depth perception

Spectral tuning

Absorption and 
reflection

Monocular depth 
cues

Binocular depth 
cues

Texture gradient
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3.4 Objective development
After going through the concept was, it became clear that the previously 
stated goals and objectives of the design brief were no longer relevant. 
Colour perception is no longer the communicated phenomenon, the 
polarisation story is discontinued and the last concept does not focussed on 
interactivity. Therefore, the three previously stated goals below are converted 
to a new goal.

Subsequently, the goal is split in multiple objectives. The objectives are 
categorised in a communicative and experience category. The objectives of 
the communication category is focussed on transferring the communicative 
part of the installation to the visitors. The objectives in the experience 
category are focussed on the attributes that facilitate a qualitative experience 
for the visitors. 

Goals 
1.	 Educational awareness: increase awareness and understanding of the 

basic principles of colour perception.
2.	 Social reflection: encourage visitors to reflect on societal polarization and 

the need for dialogue and empathy.
3.	 User engagement: engage visitors through an interactive experience that 

challenge their preconceptions.

Goal
1.	 Showcase how the technology spectral tuning can influence depth 

perception.

Objectives
Communicative objectives
1.	 The installation showcases how spectral tuning influences the 

absorption and reflection of light by material.
2.	 The installation showcases how the textile layers and tuned projections 

can facilitate differences in depth perception.

Experience objectives
1.	 The installation showcases the effect of spectral tuning in an experiential 

manner. 
2.	 The visuals should immerse the visitors in the narrative
3.	 The narrative keeps the visitors engaged 
4.	 The visuals are appealing to look at
5.	 The total experience of the installation is coherent
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4 This chapters functions as an in between validation moment for the final 
prototype. This test will validate if the current concept is meeting the 
objectives. This chapter will describe how the research on the final prototype 
is conducted and which results it has brought. The chapter will be concluded 
with a conclusion, discussion and recommendations for the final design.Test
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4.1 Test setup
Research aim
The aim of this research is to test if the current design is meeting the 
objectives which were defined in an earlier stage of the design process. As 
there are multiple objectives which need to be met, it is not possible to state 
a research question which covers all the objectives. The objectives are once 
again stated below:

Communicative objectives
1.	 The installation showcases how spectral tuning influences the 

absorption and reflection of light by material.
2.	 The installation showcases how the textile layers and tuned projections 

can facilitate differences in depth perception.

Experience objectives
1.	 The installation showcases the effect of spectral tuning in an experiential 

manner. 
2.	 The visuals should immerse the visitors in the narrative
3.	 The narrative keeps the visitors engaged 
4.	 The visuals are appealing to look at
5.	 The total experience of the installation is coherent

Most of the objectives were directly converted to Likert scale questions, as 
they are directly measurable. At first, the test would consist of only one test 
condition. In this condition, the participants (n=10) had the opportunity to 
read the installation sign with a title and QR-code that was placed next to the 
door of the test environment. This test showed that the first communicative 
objective was not met. After the first test, multiple participants stated that 
they would have liked the experience better and would have been more 
engaged if they know what they were looking at. Therefore, a second test 
was conducted where the participants (n=4) were pointed to the installation 
sign that had a subtitle and illustrative introduction next to the title and 
QR-code. The results of both test conditions are showed separately and in 
comparison with each other

For this test, I will mimic the characteristics of the envisioned final design 
and environment in which the final design will be presented. The final design 
will be presented in one of the rooms of The Social Hub in Delft. 

Participants 
The users of the installation will be the visitors of the art and technology 
festival called Highlight. The users consist of a wide variety of people 
in terms of age, cultural background, educational level and profession. 
To recruit such a wide variety of people would take too much time away 
from the graduation project. Besides, all participants should be available 
and willing to do the test at the faculty, as the test setup is not easily 
transportable. Therefore, the choice was made to recruit master students 
from the Industrial Design Engineering faculty. This will speed up the 
research process, while still providing enough research input to obtain 
valuable insights.



30

4.2 Method
Tools and equipment
The test setup consisted of the following tools and equipment:  

•	 A frame with two organza layers (red and blue) and an absorption cloth
•	 Small, white cardboard screen
•	 Two projectors
•	 Information sign (one with title and one with added illustration) 
•	 Laptop
•	 HDMI splitter
•	 A dark environment
•	 An illuminated environment 

The test will be conducted in the audio lab of the Industrial Design faculty. 
The lab provides enough space for participants to walk around and it offers 
a separate cabin for filling in the consent form and survey. A simplified 
top-view of the setup can be seen in figure 4.1, where P is the participant 
and R the researcher. The white cube shows the enclosed cabin that can be 
illuminated. Besides, there is a desk and chair inside (figure 4.4). Figure 4.2 
shows a large part of the test setup and how the cables of the mini projector 
are taped onto the floor to prevent participants from falling over. Normally, 
this area will be continuously be darkened to mimic the final environment 
in which the installation will be presented. The information sign is placed 
outside the audio lab as this will also
be the position at the final 
environment (figure 4.3).

Figure 4.3: Information signFigure 4.1: Simplified top-view of setup Figure 4.4: Illuminated survey space

Figure 4.2: Test setup seen from the researcher position
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Procedure
This experiment was approved by the HREC, TU Delft. When a participant 
entered the dark audio lab, they were directly guided to the illuminated cabin. 
After introducing the purpose of the research, the participant had time to 
go through the informed consent form (appendix 5). Subsequently, the 
procedure of the test is explained to the participant. At first, the participant 
will experience the installation through the full visual sequence – to provide 
the full experience and let them set their internal frame of reference for the 
ratings. After that, they went through four rounds where for each round a 
separate part of the sequence is displayed (figure 4.5). After each round 
a shorty survey needs to be filled in, in the illuminated cabin. After going 
through the four rounds, the participant will be asked to fill in post-test 
questions. The full survey can be found in appendix 6. During the test, the 
researcher will observe the actions of the participant and score (yes/no) if 
three specific ones were executed. A scheme of the participants with the 
order of the visual sequence, together with the action observation sheet 
can be found in appendix 7. At sequence 0 the participants are expected 
to only rate the projections on the cardboard and at sequence 1, 2 and 3, 
the participants are expected to only rate the projections on the organza. 
Between the test groups there is one difference. The first group had the 
possibility to check the information sign at the door of the lab and the 
second group was explicitly told to look at the illustrative introduction after 
the test procedure was explained (figure 4.6 and 4.7). 

Sequence 1

Sequence 01 Sequence 02 Sequence 03

Sequence 2 Sequence 3

Figure 4.5: The different sequences on organza and on cardboard

Figure 4.7: Information sign with added quote and illustrative introduction of the installation. A 
larger version can be found in appendix 8.

Data processing
During the test, the data will be obtained on paper. After all the tests are 
completed, the data on the paper will be transferred to the laptop of the 
researcher. Subsequently, the rating data will be transferred to excel to 
visualize the data . The ratings for the projections on cardboard function 
as a baseline when comparing it to those for the projections on organza. 
The Likert scale questions and open question after the test can be used to 
validate the overall experience of the installation. The actions can used to 
validate if certain actions were performed.

Figure 4.6: Information sign with added quote and 
illustrative introduction of the installation hanging 
above the desk in the cabin
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4.3 Results
The quantitative data is converted to different bar charts. The quantitative 
data is split in within group results and between group results. This 
subsection is finalized by a summary of the qualitative data.

Within group
Figure 4.8 shows a bar chart with the results of the attribute ratings of the 
group that did not receive an illustrative introduction before watching the 
visual sequences. The y-axis shows the rating score and the x-axis is divided 
into the attributes depth, beauty and immersion, and the sequences ranging 
from 1 to 3 for each attribute. The bars represent the means of the attribute 
ratings, while the error bars show the standard error. 
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Figure 4.8: Organza and cardboard projections rated per attribute without illustrative Figure 4.9: Organza and cardboard projections rated per attribute with illustrative introduction

Cardboard projection

Organza projection

The chart in figure 4.8 shows that nearly every attribute score is increasing 
per sequence. This applies to the cardboard projection and the organza 
projection. Only the depth attribute for the organza projection is not 
completely increasing. Additionally, the cardboard projection has a lower 
score on each attribute and sequence when comparing it to the organza 
projection. 

Figure 4.9 shows a bar chart with the results of the attribute ratings of 
the group that received an illustrative introduction before watching the 
visual sequences. The attribute score per sequence is not increasing 
so consistently as the scores in figure 6.8. The depth attribute on the 
cardboard projection and the beauty attribute on the organza projection 
is not increasing over time. This chart shows similar differences between 
the attribute scores of the cardboard and organza projections. Only the 
beauty attribute in the third sequence of the cardboard projections shows 
a deviation. Additionally, the chart shows great differences between the 
standard error values. These value differences are greater than the standard 
error values in figure 4.8.

Depth Beauty Immersion
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Between group
Figure 4.11 shows the attribute score comparison between the group with 
and without illustrative introduction. The bar chart only shows the attribute 
scores rated on the organza projection. Overall, the group with introduction 
scores higher on average on the attributes beauty and immersion. The 
depth attribute is rated higher by the group without introduction across all 
sequences. The depth attribute shows a great difference between the groups 
on the first part of the sequence. The immersion attribute shows the greatest 
overall difference between groups. Figure 4.12 shows the rating of the 
engagement and the coherence of the total experience for both groups. Both 
attributes are rated higher for the group with the illustrative introduction. 
Even when considering the standard error values, the group with introduction 
shows a clear difference in rating the full experience. 

Figure 4.10 shows the results of the observed actions during the test. The 
observed actions where noted with a yes or no per participant and this 
is subsequently converted to a stacked bar chart. In the group without 
the illustrative introduction, 80% of the participants walked around to 
vary their viewing angle and only 40% of the participants read the title on 
the installation sign. In the group with the illustrative introduction, every 
participant walked around to change viewing angle. All participants read 
the title, as it was introduced on the illustrative introduction. None of the 
participants in both groups took their time to scan the QR-code.  
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Figure 4.10: Observed actions during the test
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Figure 4.11: Organza projections rated per attribute for both groups

Figure 4.12: Engagement and coherence rated for both groups 
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Qualitative data
The only qualitative data retrieved from the test emerged from the open 
question at the end. Figure 4.13 shows a selection of comments and 
remarks from the open question categorized by visual narrative, setup and 
communication. Some comments were repeated by multiple participants 
and are numbered accordingly. The selection is made by choosing the 
comments which could directly improve the current design or comments 
that prove that some design features work as intended. 

The comments on the visual narrative showed a contradiction between the 
participants. The participants that stated that the sequence is too long also 
found the first part of the sequence less engaging. This is in contrast with 
the participants that stated that they liked the simple and slow build-up 
of the sequence. In terms of the setup, three participants stated that they 
would like to have sounds that accompany the visuals to keep the users 
more engaged. Three participants commented about the positive effects of 
the fabric and how the luminosity was comfortable. On the other hand, two 
participants were not sure about the presence of the cardboard projection. 
One would remove it completely and one suggested to keep it turned off for 
a certain amount of time. Regarding the communication, the first comment 
was written down by only one participant, but expressed by multiple 
participants after the test. This was the case for the group with no illustrative 
introduction. Such comments were not made by the participants who had 
the illustrative introduction before the start of the test.

Visual narrative

Setup

Communication

The sequence is too long

Sound could help with keeping the users engaged

At first, I was not sure what the installation is about

Make it short people friendly

The first part of the sequence is less engaging

Hesitant about cardboard projection

Great that it starts simple and slowly builds up

Fabric adds engagement as you can change what you see by moving

The fabric gave a dreamy quality and the luminosity was comfortable

The square grids are in favour

3
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2

1

3

2

2

1

Figure 4.13: Comments on the full experience by count
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4.4 Conclusion
After analysing the data, multiple conclusions can be made. Figure 4.8 
shows an increase of attribute score per part of the sequence. In figure 4.9, 
this trend is slightly less clear, but still present. This means that the intended 
build-up in the visual narrative works when considering depth, beauty and 
immersion. This applies to both projections, on cardboard and organza. 
Besides, both figures show that, except for one score, that the cardboard 
ratings are always lower than the organza ratings. It can be concluded 
that the projections on organza clearly facilitate more depth, beauty and 
immersion.  

The results of the action observations showcased that almost all 
participants shift their perspective during the experience without being told 
to do so. Reading the title on a voluntary basis did not work out well. The 
participants who had read the title still were not sure what the installation 
was about. Therefore the second test was initiated with the illustrative 
introduction. In both conditions the QR-code is not scanned. This could be 
due to the fact that it is a test environment where participants feel obliged to 
execute the actions of the test. 

When comparing both conditions, the group with the illustrative introduction 
scored higher on the beauty and immersion attributes. This probably 
shows that there is a relation between the amount of knowledge about 
the installation and the appreciation for it. Only the depth attribute scored 
lower in all sequences for the group with the illustrative introduction. There 
is no obvious explanation for this fact. When rating the full experience, 
the group with introduction scored higher on the engagement and 
coherence attributes. This could also be explained by the relation between 
understanding and appreciating the installation. 

 

The open question at the end of the test about any remarks or comments, 
resulted in a variety of answers. One thing that stood out right away 
was the difference in preference for visual effects. Some visual effects 
were mentioned multiple times, but the variety was so large that no clear 
conclusion can be drawn from that. A lot of contradictions about the visual 
narrative occurred. This once again, shows how varying personal taste can 
be. Despite this fact, the visual narrative can still be slightly adjusted while 
keeping multiple opinions in mind. In terms of the setup, multiple participants 
discussed the cardboard projection. Some were in favour of completely 
removing the cardboard while others stated that they almost only look at the 
organza projection as it was more engaging and beautiful. Besides, multiple 
participants stated that sound could help in enhancing the total experience. 
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4.5 Discussion
The aim of this research was to test if the current design is meeting the 
objectives. In terms of the first communicative objective, the test made 
clear that an introduction is needed before experiencing the installation. In 
this case an illustrative introduction with a subtitle was enough to reach the 
desired effect. The second objective has been achieved to a lesser extent 
by giving an introduction. It could be possible that the attention with an 
illustrative introduction shifts away from depth and moves to the technology, 
and the absorption and reflection of light. Adding ‘depth’ effects to the 
illustrative introduction could solve this problem, but it can also lead to too 
much introductory information that could harm the first objective in return. 

Apart from the first experience objective, the other experience objectives 
were directly put to the test. The objectives were better achieved by 
the group with introduction. It is important to note that this group was 
deliberately pointed to the introduction. In the final design, visitors will not be 
obliged to watch the illustrative introduction. The placement and the way it 
will be presented should be considered to achieve the objectives on the same 
level as in the test. It is now clear that the first experience objective is slightly 
dependent on the introduction as well. While the experience still showcases 
the effect of spectral tuning in an experiential manner, the understandability 
and appreciation is dependent on the introduction. 

Recommendations
Out of the test results, conclusion and discussion multiple recommendations 
can be made. These recommendations can be worked out in the last part of 
the project. The recommendations are listed below in their corresponding 
category.     

Visual narrative
The full narrative can be made a little bit shorter, to keep more people 
engaged. The introductory scene can be made more interesting so people 
won’t drop out and lose attention early. All visuals can be slightly adjusted to 
make the experience more smooth and professional.

Setup
The representation behind the cardboard projection needs to be 
reconsidered. The function of it should be kept, to show how the organza 
layers influence the projection. Especially the size and placement in the 
space should be reconsidered. Besides, audio needs to be included to keep 
people more engaged during the visual narrative. 

Communication 
Time should be spend on the placement and size of the illustrative 
introduction. The test proofed that the introduction is of significant 
importance for understanding and appreciating the installation.Communicative objectives

1.	 The installation showcases how spectral tuning influences the 
absorption and reflection of light by material.

2.	 The installation showcases how the textile layers and tuned projections 
can facilitate differences in depth perception.

Experience objectives
1.	 The installation showcases the effect of spectral tuning in an experiential 

manner. 
2.	 The visuals should immerse the visitors in the narrative
3.	 The narrative keeps the visitors engaged 
4.	 The visuals are appealing to look at
5.	 The total experience of the installation is coherent
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5 This chapters shows the final developments of concept 2. Each part of the 
design will be elaborated on, to provide a clear overview on the steps that led 
to the final design decisions.Final design
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5.1 Visual narrative
Overview
The communicative part developed during concept 2 serves as the 
foundation for what is communicated to the visitors of the festival. 
Subsequently the visual narrative is based on the building blocks of the 
communicative part. This is shown in figure 5.1 below.

Figure 5.1: Visual narrative

First, the visitors will slowly be introduced to the technology spectral tuning. 
This will be done by tuning the light of the projection in such a way, that 
the absorption and reflection of light on each layer will be showcased. The 
absorption and reflection of light is logically an ongoing process for the 
whole narrative. After introducing the technology and the accompanying 
optics, the narrative will slowly introduce more visuals that show great 
differences when viewed from different perspective. This does not mean that 
the visitor is forced to shift perspective, but the visuals are made in such a 
way that they already provide different results when moving your view on 
the organza. In the last part of the visual narrative, the main focus will be on 
increasingly creating more depth. This already happens during the whole 
narrative, but is slowly building up to keep the viewer engaged. The visual 
effects focusing on depth, show less differences in perspective or viewing 
change. The remainder of this subsection explains each visual effect in the 
narrative in more detail.

Details per visual effect
The images in the following section show the same visuals being projected 
on the red and blue organza layer and on the screen. All images are taken 
in front of the frame except for the one in figure 5.2. The last page of this 
subsection shows each projection from an angle.

The narrative starts with projecting three white lines (figure 5.2). The white 
lines projected on the organza layers, will result in red and blue reflection on 
each layer. This is done to show that the installation consists of a red and 
blue layer. There is chosen for three vertical lines, making the difference in 
colour clearly visible from multiple perspectives. Subsequently, the lines will 
be tuned to blue, white and red, to showcase how the visual elements can be 
situated on a specific layer. 

Figure 5.3 shows the final stage of the introduction to absorption and 
reflection. The projection area is split in two rectangles following an opposite 
colour gradient. This composition facilitates visitors to watch the rectangles 
occupy two different layers, making the possibilities of the installation clear 
in a simple manner. 

Figure 5.2: Three white lines introducing the 
colours of the layers

Figure 5.3: Two rectangles following an 
opposites colour gradient
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The two rectangles of the introduction will form 
one large, red projection that opens up as curtain 
on the organza layers (figure 5.4). By slowly 
revealing multiple blue rectangles, the organza 
layers facilitate the interposition of objects. The 
blue rectangles seem to be revealed behind the 
red rectangles. While this depth cue is slightly 
visible on the screen, the organza layers really 
strengthen this depth cue. 

Subsequently, a red gradient moves from top to 
bottom over the blue rectangles (figure 5.5). This 
is where the visuals create a different view for 
each perspective, matching with the theme of 
Highlight “Do you see what I see?”. A small image 
of this visual effect is showcased on the last 
page of this subsection. The gradient ensures 
that the rectangles occupy both layers. In front of 
a rectangle, it appears to wave back and forth to 
the viewer, while an off-centred position creates 
a dynamic play with depth as rectangles overlap 
and simultaneously show different reflections. 

To keep the attention span of the viewer high, 
more motion is added to the visuals. The 
gradients now move simultaneously in opposite 
directions with a faster pace (figure 5.6). The 
occupation of the rectangles per layer is now 
doubled compared to the previous visual effect. 
While the rectangles in the previous effect cross 
each other once mid-air, the current rectangles 
cross each other on the rear layer and with the 
rectangle next to it. It is difficult to distinguish on 
which layer the rectangle is located and therefore 
this contradictory movement works great to 
create higher perceived differences in depth.

Figure 5.4: Revealing the blue rectangles Figure 5.5: Gradient moving over the rectangles Figure 5.6: Opposite gradients moving over the rectangles 
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In the next step, the previously used rectangles 
are split up into cubes. By choosing three 
different starting times for the gradient, the 
cubes showcase a lot of different colours at 
the same time (figure 5.8). Together with the 
quantity of the cubes, this visual effect facilitates 
even more perceived differences in depth. With 
this visual effect, changing perspective results in 
a lot of interplay between the colours and their 
occupation on each layer. Besides, the cubes 
facilitate the completion of rectangles again 
when shifting to certain perspectives. Although 
the effect is slower, the playfulness compensates 
for it.

The last visual effect and the rotating loops in 
figure 5.7 are both additions since the last test. 
They both add more motion and tension, to 
keep viewers more engaged. First, each colour 
rotates individually to show how the half red loop 
disappears and re-emerges on the blue layer to 
complete the loop. Subsequently, each colour 
starts simultaneously like shown in figure 5.7. 
Now the rotating movement is directly presented 
on both layers, showing the viewer how a simple 
2D loop can be extracted in depth by the organza 
layers. 

Figure 5.7: Rotating loops Figure 5.8: Offset gradients moving over the cubes Figure 5.9: Cubes placed in a dynamic context

The perspective part of the narrative is finalized 
by putting the blue cubes in a dynamic context 
instead of a static black background. Figure 5.9 
shows how a gradient of red and blue moves 
along the cubes. This visual effect showcases 
how simultaneous colour contrast can play 
with depth perception using the organza layers. 
The blue cubes appear upfront when the red 
gradient is passing by. On the other hand, the 
blue gradient make the cubes disappear to make 
them move back to the blue organza layer when 
the gradient changes back to black again. This 
would be a moment where the chromostereopsis 
effect is apparent on the front layer.
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The circles in figure 5.10 are animated to 
showcase a ripple effect. By putting a black circle 
in the middle and gradually expand each circle, a 
‘tunnel’ effect is created. When focussing on the 
black centre, the circles move in our peripheral 
vision and this can trick the brain into perceiving 
depth similar to actually moving through a 
tunnel. Additionally, the circles change from red 
to blue and vice versa. When an area changes 
from red to blue, the viewer loses focus on the 
front layer and the focus automatically switches 
to the highlighted rear layer. By increasing the 
expansion of the circles, the perceived ‘tunnel’ 
effect is strengthened over time.

The last visual effect consists of the previously 
mentioned portal (figure 5.11). The portal 
continuously consists of an expanding and 
shrinking circle moving from layer to layer. 
By precisely adjusting the gradients and glow 
levels, a continuous play with depth is created. 
As described in the previous visual effect, the 
motion in the peripheral vision tricks the brain 
into perceiving depth. This time, the motion is 
controlled in two opposite directions resulting 
in the largest difference in terms of depth. By 
continuously fading in new circles, a constant 
play with depth is created.  

The visual narrative is concluded by showing 
the title of the installation (figure 5.12). First 
“Selective” appears in red and subsequently 
“Reflections” appears in blue to show the 
occupation on the different layers one more time. 
Then both words fade to white to showcase how 
each layer selectively reflects its own colour. 
This final effect is carried out to complete the 
cycle that the viewers has been through. By 
ending with the white words, the viewer receives 
one last cue on what the installation was 
about. Besides, the white words also smoothly 
transition to the white lines, when the sequence 
is repeated again. 

Figure 5.10: Red and blue circles animated as ripple effect Figure 5.11: Red and blue circle creating the portal effect Figure 5.12: Installation title as credit
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Time

2

As shortly covered on the previous pages, the visual 
narrative consists of more variety in terms of motion 
and the speed of that motion. This is meant to keep 
the attention span of viewer on the right track and 
subsequently provide a more engaging experience. 
Below, the progression of each visual effects is shown 
based on its motion and speed.
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5.2 Audio
Audio is added to the experience because of multiple reasons. The audio triggers an extra sense next 
to the visuals, it improves the viewer’s attention span, it strengthens the visual differences in depth, it 
strengthens the visual movements, it increases the multi sensory integration and therefore provides 
a more meaningful perceptual experience. The audio is made in a Digital Audio Workstation called FL 
Studio and uses multiple synthesizers, samples and effects. Zooming out on the whole composition, 
the audio goes from mysterious and exciting in the first sequence, to calm and peaceful at the square 
visuals, to more hopeful and subsequently tension near the end. One of the most used effects in the 
audio is explained in figure 5.15. To imitate the visual movements, most of the time a filter is used. 
Figure 5.15 shows two images of a bandpass filter moving from left to right, going from low to high 
frequencies and subsequently changing the sound from dull to bright. This effect is the strongest at the 
circulating loops, because of the bandpass filter that only allows a narrow band of frequencies to pass 
through. This kind of effect is used multiple times, like in the portals shown in figure 5.14. A low pass 
filter, which only allows low frequencies to pass through, is automated to let more high frequencies pass 
through overtime. This increases the brightness of the sound and simultaneously increases the tension. 
Transitions between visual parts are most of the time defined by FX samples shown in figure 5.13. FX 
samples can consist out of a ‘whoosh’ sound or an impact sound for example. By adding reverb to the 
sounds, which means placing the sound in a 
certain space, transitions can be bridged more 
smoothly. By precisely matching the 
synthesizers, samples and effects with the 
visuals cues a complete, coherent experience is 
created. 

Figure 5.15: Moving bandpass filter to enhance movementFigure 5.14: Increasing filter to increase tensionFigure 5.13: Combination of multiple FX
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5.3 Textile
Explorations
During the project, multiple textiles were explored to see how the projections would reflect, absorb and 
transmit light. Over time, the goals for the best textile became more clear. The front red layer had to be 
transparent enough to provide enough light transmission and keep the rear layer visible. The front red 
layer should minimize the blue reflections, to strengthen the colour separation per layer. The blue layer 
need to provide strong blue reflections, as it is the rear layer of the installation. These goals also became 
more clear by testing different textiles. Figure 5.16 and 5.17 both showcase a test with different textiles. 
In both situations the textiles in the frame upfront are compared to the organza layers in the large, main 
frame. Especially, the test in figure 5.17 was insightful. Instead of using organza, silk was used. The silk 
showed highly vibrant colours for both red and blue, but lacked the transparency property. Besides, the 
blue projections were strongly reflected by the front red layer. Subsequently, the rear layer of silk was not 
visible anymore, which was undesirable. Even testing with different types of organza resulted in great 
differences. Figure 5.19 shows a red and blue circle projected on red glitter organza. It can be seen that 
the red glitter organza facilitates vibrant red reflections, but also reflects the blue projections strongly. 
Figure 5.18 shows an exploration on the absorption cloth distance. When placing the cloth at a certain 
distance of the rear blue layer, a reflection was still clearly visible. This exploration made clear that the 
absorption cloth should be directly attached to the rear layer to cancel out an unwanted third reflection. 

Figure 5.19: Exploration on red glitter organza Figure 5.18: Exploration on the absorption cloth distance Figure 5.17: Red and blue silk in front frame

Figure 5.16: Two different shot organza’s in front frame 
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Figure 5.23: The three textile layers stretched in the frame

Figure 5.22: Preparation process for the textilesFigure 5.21: Final blue glitter organzaFigure 5.20: Final red short organza

Final textiles
After testing out multiple textiles in the light lab at the faculty, the blue organza was defined but the 
red organza was still not found. By setting up a meeting with Noëlle van der Hagen, a light and textile 
artist, more red organza’s were explored. This meeting resulted in finally ordering the right type of red 
organza. Figure 5.20 shows the final red shot organza. It effectively meets all the requirements listed 
on the previous page. Especially the vibrancy of the red reflections was insufficient before, but this type 
solved this problem. Figure 5.21 shows the final blue glitter organza. During the explorations, it soon 
became clear that this was the type of organza that met the requirements. The absorption cloth in the 
final design is a professional thick absorption cloth used to minimize reflections to a great extent. Figure 
5.22 shows the process of preparing the textiles before stretching them onto the frame. The absorption 
cloth was first sewed to match the dimensions of the frame. Subsequently, the red layer and the blue 
layer together with the absorption cloth were ironed. Ironing helped to flatten out the folds that emerged 
in the packaging of the textile, but it did not result in completely flattened layers. Especially the blue layer 
showed some imperfections that did not disappear when ironing. These imperfections can be seen in 
the upper right part of figure 5.23. Fortunately, these imperfections are not as evident when it is dark 
and when the visuals are projected. The layers are stretched in such a way that it is still able to move a 
bit. When someone walks by or when there is an airflow in the specific room, primarily the front red layer 
slowly waves in the frame. 



46

5.4 Frame
Design
As no parts may be attached to the wall and ceiling, a frame with integrated 
supports was chosen. Figure 5.24 shows the CAD model of the frame and 
figure 5.25 the final design itself. By directly connecting both frames through 
one support, the design eliminates the need for two separate supports for 
each frame. This also ensures that there are no protruding parts in any 
direction. This design choice prevents visitors in the dark environment from 
stumbling over the support of the frame. In addition, this design facilitates 
visitors to have a clear look on the rear layer, when looking from both 
sides. This can help in seeing the colour and reflection of the rear layer 
and subsequently understand the installation in a better way. The design 
consists of square tubes used for construction and U-profiled beams on the 
rectangular parts used for clamping the textile.

Figure 5.24: CAD model of the frame Figure 5.25: Perspective view on the build frame

Material
Multiple factors have led to the decision to make the frame and support 
out of aluminium. The ability to easily disassemble and rebuild it at the 
festival location is the most important factor. The aluminium tubes are 
connected by pre-made joints. Additionally, the aluminium tubes have a great 
machinability. This made it possible to press blind rivet nuts into the square 
tubes. The nuts have a screw thread inside them to which the U-profiled 
beams could be attached to with several bolts. By combining the aluminium 
tubes with pre-made joints and screw threads, the design is made suitable 
for disassembly. Another factor is the rigidity of the aluminium tubes. The 
aluminium tubes must remain rigid over a reasonably long distance and this 
could not be achieved with for example wooden beams having the same 
dimensions. The rigidity of the aluminium tubes also facilitates the frame and 
support to be thin. A thin design provides more area for the organza to stand 
out. Lastly, the organza has a low weight, which also facilitates a thinner 
profile. Only the professional absorption cloth is considerably heavier than 
the organza, but this is solved by adding enough blind rivet nuts with screw 
threads to divide the forces.
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Figure 5.27: Joint connection Figure 5.28: Intersecting of U-profiles

Figure 5.26: Different joints used in the design (Verpas, z.d.)

Details
Joints 
The joints used have a steel core for extra strength and load-bearing 
capacity, which can be seen on the right image of figure 5.26. The joints 
provide a simple assembly, by simply hitting the joint in the according tube 
with a plastic hammer. Additionally, the joints can be dismantled and reused 
multiple times. Figure 5.27 shows how one of the T-shaped joints connects 
three aluminium tubes. Besides, the colours of the joints and the chosen 
paint match great. Figure 5.28

Paint 
The paint that is used for the aluminium parts is a matte, black paint by the 
brand Hammerite. It is especially made for metals and it can directly be 
painted on the material, without the need of a primer. 

Textile 
The two organza layers and the absorption cloth are clamped between the 
square tubes and U-profiled beams. As described previously, the press blind 
rivet nuts with screw thread allow both profiles to be tightly attached by 
bolts. In the textile layers holes were made at exact same positions as the 
screw threads to allow the bolts to pass trough the U-profile and textile. By 
attaching the textile to the frame per side there is the possibility stretch it 
reasonably tight onto the frame. Figure 5.29 shows a side view of the frame. 
In this view it is clearly visible how the U-profiles are tightly attached to the 
square tube. A connection detail can be seen in figure 5.30. This detail also 
shows that the back part of the U-profile is not painted to save paint for 
possible restoration moments. Besides, the back part of the U-profile is not 
directly visible for the viewers of the installation.

Figure 5.30: Connection detailFigure 5.29: Side view
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Dimensions 
The distance between the organza layers is kept on 55 centimetres. This distance works best when 
keeping all the visual effects in mind. The visuals that consist of rectangles work better with a shorter 
distance, while the distance can be increased when the portal effect is projected. As the organza can be 
ordered with a maximum width of 1,5 meters, the height of the frame is limited at 1,5 metres maximum. 
The width of the frame is defined at 3 meters, because of two main reasons. The material shop at the 
faculty only offers tubes of 3 meters long. When longer tubes were desired, the tubes should have 
been ordered at a metal shop. In addition, the aluminium price was more expensive than expected. 
A wider frame would have led to a great increase in material costs, which was not desired. The main 
measurements of the design are shown in figure 5.31. The vertical centre of the organza layer is based 
on the average length of a Dutch adult, which is 1,76 metres (CBS, z.d.). The aluminium tubes have a 
rectangular profile with a dimension of 30 by 30 millimetres and a wall thickness of 2 millimetres. The 
U-profiled strips have a cross section of 30 by 30 millimetres and a wall thickness of 2 millimetres. Figure 
5.32 shows how the measurements worked out in a real environment.  

Safety
The frame itself is heavy enough to not fall over 
when someone bumps into the frame. Therefore 
no additional features are added to the frame 
to add weight. One thing that should be added 
is a wire at the end of each frame opening. This 
frame opening is shown in figure 5.33. Visitors 
could possibly feel the urge to walk in between 
the layers, which is undesirable. A fishing 
thread could be a solution to this problem. It is 
strong, but it is hardly visible, which makes the 
appearance of the frame unchanged.

Figure 5.31: Front view with measurements Figure 5.32: Front view of final design Figure 5.33: Side view where the frame is open

3,00 metres 

2,51 metres 

1,76 metres 
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Frame with reference screen
The last test revealed that the projection on cardboard took too much space and attention away from 
the participants. As the organza projection is the part of the installation that the attention should mainly 
go to, the cardboard projection is converted to a small screen. The screen shown in figure 5.38 has a 
resolution of 1280 x 800 pixels and is around 23 centimetres wide and 15 centimetres high. The screen 
is placed in a frame following the same design language as the frame where the organza is stretched in 
(figure 5.34). To minimize costs, the wooden beams of the prototype are reused to construct the frame. 
To make the screen perfectly fit into the frame , the wooden beams will be milled in the region where 
the screen will be positioned. In this way, the screen is tightly concealed in the frame and this minimises 
the chance that visitors might want to do something with it. In addition, it creates a minimalistic and 
calm view to look at (figure 5.35). Another feature to make the frame with reference screen as clean as 
possible is the notch in the frame for the cable management of the screen shown in figure 5.36. The 
cables can be hidden in the notch which also add to the clean appearance of the frame. To prevent the 
frame from falling over, the frame is dimensioned in such a way that general sized tiles can be placed 
on the beams of the frame (figure 5.37). Lastly, the wooden frame will be painted with matte black spray 
paint to match the appearance of the frame with organza. Depending on the availability of wood, the 
tiles will be covered with thin wooden panels or they will directly be painted black to match the overall 
appearance. The centre of the screen is positioned at around 117 centimetres. With this height, the view 
to the frame with organza is not obstructed.

Figure 5.34: Overview on frame for reference screen Figure 5.36: A notch in the frame for cable managementFigure 5.35: Screen concealed in the frame

Figure 5.38 Screen with visuals

Figure 5.37: Space for tiles to add weight
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5.5 Exhibition space
Projector 
In terms of the projector, two specification are 
important for this context. The contrast ratio 
and throw ratio. Figure 5.41 shows a projection 
of a projector with a low contrast ratio. Black 
visuals are still being projected as low intensity 
light. Therefore the projector has to have a high 
contrast ratio, so black visuals will not projected. 
The throw ratio is the ratio between the projector 
distance and projection width. A projector with 
a throw ratio of 1:1 can project an image of 1 
meter wide at a distance of 1 meter. It would be 
preferred to choose for a projection distance 
a little but further away from the frame. This 
will create less offset (figure 5.42) and better 
alignment of visual elements when watching 
perpendicular to the frame. 

Exhibition space 
The exhibition space will be one of the hotel 
rooms in The Social Hub in Delft. Figure 5.39 
and 5.40 shows the room from two different 
perspectives. Simplified, the room consists of an 
entrance, bathroom and sleeping area. The room 
has multiple windows that need to be covered 
up to completely darken the room. Besides, the 
furniture and decoration in the room will mostly 
be removed to make room for the frame and 
for the visitors to walk around. Highlight wants 
to keep the hotel atmosphere somewhat alive 
and therefore the desk and television will not be 
removed, as they do not obstruct the experience.  

Figure 5.42: Projection offset on layers depending on 
projection distance

Figure 5.41: Black visuals projected with low light intensityFigure 5.39: Perspective on frame side  Figure 5.40: Perspective on entrance side
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Room layout
Figure 5.43 shows the room layout with accompanying dimensions. The 
legend is as follows:

C	 Curtains
P	 Projector
S	 Frame with screen
O 	 Frame with organza

Both frames are drawn in scale, except for the projector and the curtains. 
The frame with organza is positioned on the right side of the room. This 
side is completely coverable with black curtains. This provides a calm 
and consistent background in front of which the frame can be placed. 
The frame is positioned a little bit off the wall to make room for the black 
curtains. In addition, this frame position allows visitors to enter the room 
without disrupting the view of visitors who are already in there. The black 
curtains also facilitate the speakers to be positioned out of sight, which 
also enhances the calm appearance of the space. The projector will be 
delivered with a stand. Currently, it is positioned against the bathroom 
door. If the projector is too close to the frame with organza, it could be an 
option to position the projector a little bit inside the bathroom to minimize 
the projection offset. This is only possible if the projection height is great 
enough from within the bathroom. This issue is illustrated in figure 5.44. The 
frame with screen is now freely positioned between the projector and the 
frame with organza. When the position of the projector is fixed, the frame 
with screen can be positioned accordingly. Visitors should be able to walk 
behind it and stand in front of it without disrupting the projection. In this way, 
visitors can enjoy the organza projection without the screen in sight. The two 
curtains placed at the entrance of the room are optional. If there is too much 
light coming in the room from the hallway, the curtains could be an option. 

Figure 5.43: Room layout

Figure 5.44: Projector height and visitor distance

OSP

C
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5.6 Communication
Information sign
Next to the communication aspects of the installation itself, the information sign proofed to be of great 
importance for understanding the experience. The information sign in figure 5.45 was used during the 
last test. It is presumed that festival visitors do not want to spend too much time reading or completely 
understanding signs. Therefore the sign is kept simple since the beginning. It only consists of a title, 
subtitle, illustration and QR-code. Figure 5.46 shows a dark version of the information sign. This version 
matches the actual environment, but the red and blue colours stand out less clearly. The sign in figure 
5.45 worked during the last test, but the participants were pointed to it. By discussing the information 
sign with the supervisory team, a new iteration could be made. In the iteration shown in figure 5.47 the 
title is removed and the subtitle enlarged. As the title is already present on the general information sign, 
it was not necessary to repeat it again. Instead, the subtitle obtains more focus. The question in the 
subtitle ensures that the reader is being activated and hopefully gets motivated to understand the sign. 
While this iteration is used for the validation test, it could still be improved. Especially, the words spectral 
tuning can be too difficult to get a grasp on for many visitors. As consequence, this could result in visitors 
to drop out and not check the illustration, harming the understandability of the experience. In addition, the 
visitors should enter the room with the right expectations as the experience is more on the educational 
side than the art side. The information sign could help in setting the right expectations before entering 
the room. Figure 5.48 shows that the room is at the end of a hallway, which makes the wall next to the 
door perfect for hanging up the information sign. This ensures that visitors will always encounter the 
sign, reducing the likelihood of missing it.

Figure 5.46: Dark version of information signFigure 5.45: Information sign used in second test Figure 5.47: Latest iteration of information sign

Figure 5.48: Hallway to exhibition space
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6 This chapter functions as the final validation moment of the final design. This 
chapter will describe how the research on the final design is conducted and 
which results it has brought. The chapter will be concluded with a conclusion, 
discussion and recommendations for future improvements.Validation
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6.1 Test setup
Research aim
The aim of this research is to test whether the final design meets the 
objectives defined during the design process. The test conducted in earlier 
stages of the process indicated that the prototype had already achieved 
the objectives to some extent. Despite this, the final design was yet to be 
completed, and there were still aspects that could be improved. This last 
validation test is intended to determine whether the improvements still align 
with the objectives or even exceed them.

The test setup is almost kept the same as the previous test. There is only one 
question added, covering the audio aspect of the installation. This question 
ensures that the test will reveal if the added audio enhances the experience. 
Once again, this test tries to mimic the characteristics of the environment 
where the final design will be presented. For a list of the objectives and an 
explanation about the recruited participants, see chapter 4.1. This test was 
conducted on 8 participants.
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6.2 Method
Tools and equipment
The test setup consisted of the following tools and equipment:  

•	 Frame with two organza layers (red and blue) and an absorption cloth
•	 Laptop stand
•	 Laptop
•	 Projector
•	 Sound installation
•	 Information sign 
•	 A dark environment

The test is conducted in the multi sense lab of the Industrial Design faculty. 
In comparison with the audio lab, the multi sense lab allowed for enough 
space for the frame, while also providing enough space for the participants 
to comfortably switch viewing angle. The test setup, with all the tools and 
equipment can be seen in figure 6.1. Figure 6.2 shows that the position of the 
laptop stand facilitates participants to watch both the screen and projection 
or to only watch the projection. As the multi sense lab did not feature a 
dedicated cabin similar to the audio lab, where participants could fill in the 
documents in a well-lit environment, the decision was made to fill out the 
documents on one of the tables. This involved turning on the lights between 
rounds to ensure readability of the text (figure 6.3).

Procedure and data collection 
This test follows almost the same procedure as the test with illustrative 
introduction described in chapter 4.2. As stated in the research aim, the 
only thing that is added to the test is the question about the audio. This 
Likert-scale question is part of the post-test questions and reads: The audio 
enhances the experience. The adjusted survey can be found in appendix 
10. The only difference is the new information sign and the fact that the 
documents are filled in in the same space as the experience itself. The 
information sign used in this test, is showcased in chapter 5.6. The data 
collection also follows the same structure as described in chapter 4.2.

Figure 6.2: View on screen and projection Figure 6.3: Survey and information sign

Figure 6.1: Test setup 



56

6.3 Results
The quantitative data consists of the results of this test (within group) and a 
comparison of the results from both tests (between group). This subsection 
is finalized by a summary of the qualitative data.

Within group
Figure 6.4 shows a bar chart with the results of the attribute ratings on the 
laptop screen and organza projection. The y-axis shows the rating score and 
the x-axis is divided into the attributes depth, beauty and immersion, and 
the sequences ranging from 1 to 3 for each attribute. The bars represent 
the means of the attribute ratings, while the error bars show the standard 
error. The chart clearly shows that the attribute scores of the laptop screen 
are considerably lower than the attribute scores of the organza projection. 
In addition, there is no gradual increase in the score per sequence. The 
second sequence scores somewhat higher than the third sequence on every 
attribute. 
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Figure 6.4: Laptop screen and organza projection rated per attribute and sequence
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Figure 6.5: Observed actions during the test

In addition, it is notable that the scores of the depth attribute for the organza 
projection are reasonably close together in comparison with the other two 
attributes. Lastly, it can be seen that the error bars are quite small for the 
organza projection and slightly larger for the laptop screen. Figure 6.5 shows 
the score of the observed actions during the test. The bar chart shows that 
seven out of eight people walked around to switch viewing angle. Each 
participant has read the information board since they were pointed to it. The 
accompanying QR code was not scanned in any case. Figure 6.6 shows the 
ratings of the post-test questions. It can be seen that each attribute scored 
in the upper region of the scale. Only the engaging attribute scores slightly 
lower than the coherence and audio attribute. The coherence and audio 
attribute have the exact same score. Once again, the error bars are fairly 
small.

Figure 6.6: Ratings on post-test questions
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Between group
The bar chart in figure 6.7 showcases the attribute scores of the organza 
projections from each test to provide a complete overview of the tested 
conditions. The legend shows the corresponding information to read the 
chart correctly. It is important to note that the final design is also tested with 
an illustrative introduction and the names of the first conditions are just to 
distinguish them from each other. When analysing the depth attribute, the 
final design scores higher, on average, than the conditions tested previously. 
For the beauty attribute, the scores for each condition are consistently close 
to each other within each sequence. The immersion attribute shows the 
largest differences for each condition tested. On this attribute, the previous 
conditions score higher on average than the final design condition. Especially 
the condition of the second test scores higher than the final design condition. 
In summary, the final design scores better on depth, equal on beauty and 
less on immersion.

Figure 6.8 shows the ratings of the post-test questions for each condition 
except the audio. When analysing the engaging attribute, the final design 
scores slightly lower than the condition with illustrative introduction, but 
higher than the condition without illustrative introduction. The coherence 
attribute shows a gradual increase in score, with the final design scoring the 
highest. The audio was only present in the final design and could therefore 
not be compared to earlier conditions. Despite this fact, participants in the 
latest test strongly agree that the audio enhances the experience.  
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Qualitative data
The only qualitative data retrieved from the test emerged from the open 
question at the end. Figure 6.9 shows a selection of comments and remarks 
from the open question categorized by visual narrative, setup and audio. In 
the previous test there were comments about the communication aspect, 
but this was not the case for this test. Some comments were repeated by 
multiple participants and are numbered accordingly. In contrast with the 
previous tests, figure 6.9 shows all the comments that were made instead of 
only showing a selection. There were not a lot of comments made so that’s 
why the choice was made to show them all.

When looking at the comments on the visual narrative, two participants 
stated that they favoured the rotating loops. One of them also stated that 
the squares are not satisfying in comparison with the loops. One participant 
would like to see more colours. The comments on the setup consists of 
one approval and three recommendations. The recommendations vary 
from frame position, screen distance and the possibility to sit. The approval 
focusses on the texture of the fabric that makes the visuals more intriguing. 
Furthermore, three participants explicitly commented that the audio 
improves the experience. There was one comment suggesting to play with 
the panning of the audio.

Visual narrative

Setup

Audio

Rotating loops are in favour

Texture of fabric makes visuals more intriguing

Audio improves experience

Installation would be more engaging if there was a place to sit

I would like more colours

Interesting to see how screen distance would affect the experience

The squares are not satisfying

Would be cool to experience this while looking at the ceiling

2

1

3

1

1

1

1

1

Figure 6.9: Comments on the full experience by count

You could play with the right and left side of the speakers1
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6.4 Conclusion
This last validation of the final design and the comparison with the previous 
tests resulted in different insights. One of the large changes in the final 
design is the screen instead of the cardboard projection. Figure 6.4 shows 
that this change still results in a difference between the screen, the 2D 
image, and the organza projection. Another important aspect that stands out, 
is the fact that for each attribute there is no gradual increase per sequence 
anymore. This could be caused my multiple reasons. The most plausible 
reason is the amount of motion added to sequence 2. A second reason could 
be the addition of the loops, which were in favour of some of the participants. 
A third reason could be the audio which energetically accompanies the 
moving visuals. In addition, the audio is more varied in this sequence and 
the audio in the last sequence is a bit more calm and focused on creating 
suspense rather than mystery. All the reasons above could have directly 
led to more perceived depth, beauty and immersion. When analysing the 
observed actions in all tests, one notable aspect is that not all participants 
felt the need to switch their viewing angle. This aspect is currently not 
communicated to the user and perhaps that is something that is required to 
make this group change perspective as well.

When analysing the data between the three groups several things stand 
out. As described in the results, the final design scores better on depth, 
equal on beauty and less on the immersion attribute. When looking at the 
improvements made going from the prototype to the final design, one 
would expect to see that these improvements also result in overall higher 
scores. It could be possible that the visuals in the prototype were already 
perceived as beautiful and immersive, and that the improvements such as 
the frame, flattened organza and the audio did not directly contribute to a 
higher score. In addition, the scores of the second test were already quite 
high, especially when considering the immersion attribute. Another reason 
could be the amount of participants for the second test, which was fairly 
low (n=4). Despite the equal and lower score on beauty and immersion, the 
depth attribute scores notably higher on each sequence. One of the reasons 
could be the audio that tries to emphasise the movements of the visuals. By 
emphasising the visual differences in depth with audio, the participants seem 
to experience more depth, which is preferable.   

When comparing the depth, beauty, and immersion attributes per sequence 
to the attributes of the entire experience, a contradiction emerged. While the 
final design scores nearly the same on the engaging attribute and higher on 
the coherence attribute, one would expect these scores to be reflected in the 
beauty and immersion attributes. Apparently, there is no clear relationship 
between the perceived overall experience and the beauty and immersion 
of single visual sequences. Once again, there is no obvious reason for this 
occurrence. The reasons stated in the previous paragraph could also be 
applicable in this situation. In addition, the differences between the scores 
are so small that it may not even be possible to extract a correlation. Another 
noteworthy observation is that the high score for enhancing the experience 
through audio is not directly reflected in the engagement score. When 
zooming out on the different results and tests, the few inexplicable results 
could also be caused by the expectations of the participants. When seeing 
the prototype in the first two tests, the visuals could exceed the expectations. 
When seeing the final design with accompanying audio, the visuals might not 
live up to the expectations. 

As described in the previous subsection, little qualitative data emerged 
from the open-ended question. Some of the qualitative data confirms the 
quantitative data. For example the comments about the audio is reflected in 
the high audio score and the rotating loops could justify the higher attribute 
scores for the second sequence. Most of the comments were not directly 
applicable for the current context, such as adding more colours, positioning 
the frame on the ceiling or making the screen distance adjustable. Two 
notable comments that are relevant in the current context were about 
the option to sit and adjusting the sound panning to align with the visual 
movements. 
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6.5 Discussion
The aim of this last validation test was to check if the final design was still 
meeting the objectives positioned on the bottom of this page. The first 
communicative objective was already met in the second test by providing 
an illustrative introduction to the participants. In this last validation test the 
illustrative introduction is slightly improved, the organza is ironed, tightly 
stretched in the frame and audio accompanies the visual movements. The 
improvements facilitated achieving the first objective to a greater extent. The 
participants did not express uncertainties like the first test and this is also 
represented in the results. Therefore the first objective is met. The second 
objective is met by a greater extent than the previous tests. Especially, the 
depth attribute scores of the validation test confirms that the differences in 
depth are experienced by a greater extent. 

The first experience objective is realized more successfully than before. 
By adding audio, the installation triggers an extra sense next to the visuals, 
expanding the experience. Besides, the audio enhances the visuals effects 
to highlight the effects of spectral tuning even more. Experience objectives 
two and three are less well achieved than in the previous test, as the scores 
for the immersion and engaging attributes are lower. Despite scoring slightly 
lower than in the previous test, the scores still remain at the high end of the 
scale. In terms of experience objective four, the final design scored equally 
well on the beauty attribute as it did before. The last objective is met more 
successfully as the attribute score is considerably higher than the scores of 
the previous tests. 

Recommendations
As the project consisted of two test moments, most of the 
recommendations that came forward from the first moment were already 
processed in the final design. Despite that fact, this last validation test still 
raised new recommendations. Some of these recommendations can be 
worked out before the display of the installation at Highlight and others 
could be processed when the installation will be reused later on. The 
recommendations are listed below in their corresponding category.     

Visual narrative
The results of the validation test showcased that the attributes score a little 
bit higher at the middle part of the full sequence. The visual narrative could 
be improved to achieve a gradual increase in score over time, to lead the 
visitors to a climax at the end of the sequence instead of in the middle. 

Setup
The full installation could incorporate seats. This way, users have the option 
to experience the installation seated, standing, or walking around. While 
the inclusion of seats may seem contradictory to the goal of allowing users 
to shift perspectives, it could also serve as a great solution for users with 
mobility impairments.

Communication 
The information sign with illustrative introduction should be further iterated 
to set the perfect expectations for the users before entering the experience.

Audio 
The audio could be improved by playing with the panning of sounds. Visual 
movements can be enhanced by giving the sound a matching direction, 
improving the overall experience.

Communicative objectives
1.	 The installation showcases how spectral tuning influences the 

absorption and reflection of light by material.
2.	 The installation showcases how the textile layers and tuned projections 

can facilitate differences in depth perception.

Experience objectives
1.	 The installation showcases the effect of spectral tuning in an experiential 

manner. 
2.	 The visuals should immerse the visitors in the narrative
3.	 The narrative keeps the visitors engaged 
4.	 The visuals are appealing to look at
5.	 The total experience of the installation is coherent
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Diffuser sheets
The experiment phase started with tools which were already available in the 
light lab of the industrial design faculty, starting with acrylic diffuser sheets. 
The light lab offered a wide range of samples with different patterns and 
different pattern sizes. By putting two sheets behind each other and slowly 
moving them, moiré patterns are created. By adding a light source behind the 
sheets , the interference patterns became more apparent. 

In figure 2.1 two sheets with a fine pattern were held against each other, 
resulting in a noise pattern. This noise pattern could even be made more fine, 
by slowly separating the sheets. This occurred because each small pyramid 
on the front sheet got the opportunity to scatter more light from pyramids 
of the rear sheet. Figure 2.2 shows two sheets with a larger pattern, which 
also results in a relatively large moiré pattern in comparison with the effect 
in figure 2.1. The scattering of light by the front sheet is now clearly defined 
by bright and dark areas instead of a noise pattern. This is caused by the 
position of the sheet structures which can have an effect on the refraction of 
light, extinguishing or enhancing itself between two structures. Resulting in 
the bright and dark areas.

In figure 2.3 a diffuser sheet is held against a sheet consisting of straight 
lines. Besides creating various moiré patterns, a constant movement of 
the front sheet results in a moiré pattern moving in the opposite direction. 
Another interesting side effect of the moiré pattern with these sheets, is that 
it plays with the perception of depth. While the sheets are held against each 
other, the front sheet seems to be at a certain distance from the rear sheet. 

Figure 2.4 presents an example of experiments with the diffuser sheets 
and a laser. By shining the laser through the different sheets, the light 
of the laser got refracted in certain shapes. While this particular figure 
shows the result of a circle bended by the surface on which it is projected 
on, the sheets provided diverse projections of the laser. Sometimes the 
projection represented geometrical shapes and sometimes it had a crystal 
like appearance where the light of the laser was more hail-like. Shining the 
laser with different angles on the diffuser sheet did not change the shape 
which was projected. This is probably caused by the fact that diffuser sheets 
are made to distribute light equally, resulting in uniformly scattered light, 
regardless of the incident angle. 

While these experiments do not embody high level use of technology, they 
still provide some small visual effects which can be used or enhanced in a 
bigger setup. Besides, these small experiments help in learning about the 
basic processes of light.     

Figure 2.1: Two diffuser sheets creating a noise 
pattern

Figure 2.3: Two sheets creating a interference 
pattern

Figure 2.2: Two diffuser sheets creating a moiré 
pattern

Figure 2.4: Laser  light shining through a diffuser 
sheet

Appendix 3
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Moiré & spectral tuning

 By using spectral tuning and moiré patterns which use different colours, 
each pattern could be influenced on its own resulting in a whole new 
moiré effect. It is important to note that the moiré patterns used for the 
coming experiments are static patterns which already consist of a recorded 
interference pattern. The spectral tuning installation used for this setup 
consists of ten different channels which separately can be configured to a 
value from 0 to 4095. The names of colours used during experimenting with 
spectral tuning derive from Ledmotive. The characteristics of each channel 
can be found in appendix 3. Figure 2.5 shows the moiré pattern where the 
lighting channels are equally configured. Figure 2.6 till 2.8 shows how the 
different spectra influence the colour absorption and reflectance of the 
illustration. For example, figure 2.6 shows how the wavelengths of green 
light cancels out the red colour of the illustration, appearing almost black. 
This happens because red and green are complementary colours. Figure 2.7 
shows how the wavelengths of red light result in a darkened blue area as 
well, because red light contains no wavelengths which belongs to blue. The 
appearances are also influenced by the context. Figure 2.6 and 2.7 shows 
that the respectively red and  blue colours of the illustration blend into the 
chromatic lit environment, making the colours almost disappear in their 
context.

Figure 2.6: Moiré pattern illuminated with green light

Figure 2.7: Moiré pattern illuminated with red light

Figure 2.8: Moiré pattern illuminated with dark blue lightFigure 2.5: Moiré pattern with all light channels on 50%
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In comparison with the pattern on the previous 
page, the following moiré patterns were 
chosen based on their high line density and the 
movement (figure 2.9-2.11) which was already 
recorded in the interference pattern. Because of 
the line density, movement and colours used for 
both aspects, it was of it interest how spectral 
tuning could influence the colours in such a way 
that a static image appears to be dynamic.

While the figures show a static image, each pattern appeared to move while tuning the spectrum of light. 
The left pattern in figure 2.9 till 2.11 showed small circular motions. Because of these perceived motions, 
the pattern appeared to zoom in and zoom out. The pattern on the right sides of the same figures, 
showed less of these clear movements. Instead, this pattern played with the perception of depth. This 
phenomena can partly be seen in the difference between figure 2.10 and 2.11. The patterns highlighted 
in a magenta colour in figure 2.11 are not visible in figure 2.10. By tuning the spectrum, a continuous 
interplay occurs of colours becoming dark or highlighted, resulting in patterns appearing more up front 
and patterns appearing more in the background. Figure 2.9 shows the moiré patterns being distorted 
by the camera which was adjusting to a direct change in lighting conditions. This moment of ‘adjusting’ 
could be interesting to design with. Figure 2.12 till 2.14 shows a moiré pattern which seems very static 
at first glance, but appeared to have the strongest perception of movement. In comparison with the two 
other patterns in figure 2.9 till 2.11, this pattern moved in multiple, unpredictable directions. Some parts 
of the pattern appeared to expand and some parts appeared to shrink at the same time, comparable 
with the characteristics of a motion illusion, where a static image seems to move as a result of cognitive 
effects of interacting colour contrasts, the shape of objects and its position (Wikipedia contributors, z.d.). 
This expand and shrink effect can be seen, looking at the white area which is positioned a little bit above 
the centre of the pattern. This area is decreasing in size, moving from the left to right figure. 

Figure 2.11: Moiré patterns illuminated with dark blue light and a little 
bit of red light

Figure 2.12: Moiré pattern with all light channels on 50%

Figure 2.10: Moiré patterns illuminated with green light

Figure 2.13: Moiré pattern illuminated with green light

Figure 2.9: Moiré patterns distorted by the camera adjusting to a 
direct change of light settings

Figure 2.14: Moiré pattern illuminated with dark blue light
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In this section, a real moiré pattern is created with a holographic projection and a piece of paper. The 
holographic projection uses the pepper’s ghost technique by projecting a black and white line pattern 
with a screen on acrylic glass (figure 2.15). The paper consists of the pattern of the previous page, which 
can be spectrally tuned. 

Figure 2.16 shows the moiré pattern where the light channels are equally configured on a low intensity 
to keep the holographic projection visible enough. Moving the rear pattern did create interesting 
interference patterns. The curvatures in the front pattern appeared to bend the rear pattern. Despite the 
interesting new interference patterns, it was obvious that the two separate patterns did not blend very 
convincing together. This is probably caused by the shaky movements of the rear pattern and the front 
pattern being out of balance in terms of white and black lines. The white lines prevent the rear pattern 
from coming through and blend together in a balanced way.

In figure 2.17 till 2.19 the rear pattern is fixed and spectrally tuned. This setup prevents shaky movements 
and facilitates the previously perceived movements of the rear pattern to come through and create a new 
interference pattern. This setup resulted in various visual effects. Figure 2.17 presents the interference 
pattern with the best blend of the two separate patterns. The most obvious reason for this great blend 
may be that the red, blue and green light together provide a lot of light intensity, making the white lines 
less visible and the rear pattern more visible. Figure 2.19 shows how red light strengthens the front 
pattern in terms of shape. 

Figure 2.19: Moiré pattern illuminated with red light

Figure 2.18: Moiré pattern illuminated with ultra violet, dark blue and a 
little bit of PC amber light

Figure 2.17: Moiré pattern illuminated with red, blue and a little bit of 
green light

Figure 2.15: Pepper’s ghost of black and white line pattern Figure 2.16: Pepper’s ghost pattern combined with pattern on paper 
with all light channels equally configured

Moiré, spectral tuning & holographic projection
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Penrose tiling & spectral tuning

As stated in the research chapter, mathematical models could be suitable to combine with holographic 
projection and spectral tuning. One mathematical model which stood out during the experiments is 
the penrose tiling. Figure 2.20 shows the penrose tiling with equally configured light channels. When 
illuminating the penrose tiling with green light, only shades of green remain, but a bigger pattern arises 
(figure 2.21). The tiling appears to consists out of chains and bigger diamond shapes can be seen. By 
analysing the tiling for a longer time, the chains appear to be three-dimensional sometimes. Figure 
2.22 shows a completely different appearance, where the chains are exchanged for a woven pattern 
of red and green waves. The woven pattern is enhanced by the darker areas around the red waves, 
normally represented by magenta and two shades of purple, and the different shades of green, normally 
represented by cyan and blue. The orientation of the different faces contributes to the woven pattern as 
well. The tiling in figure 2.23 seems to enhance the direction of the white faces. In this lighting condition, 
the dark blue and dark red lighting seems to lower the luminance of the colours, but enhances the 
saturation of the colours. The white areas are probably so distinct because a large part of the spectrum 
is represented by the dark blue, PC amber and dark red lighting.

Figure 2.20: Penrose tiling with all light channels on 50% Figure 2.21: Penrose tiling  illuminated with green light Figure 2.22: Penrose tiling  illuminated with green and deep red light

Figure 2.23: Penrose tiling  illuminated with dark blue, PC amber and 
dark red light
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Figure 2.24: Penrose tiling with all light channels on 50% Figure 2.25: Penrose tiling  illuminated with ultra violet and a little bit 
of green light

Figure 2.26: Penrose tiling  illuminated with ultra violet, royal blue, 
dark blue and a little bit of PC amber light

Figure 2.27: Penrose tiling illuminated with CP amber, red and dark 
red light

This time, a penrose tiling is chosen with a wide variety of colour, but without a repeating colour pattern. 
The faces of the tiling are directed the same way as the previous penrose tiling, but the inconsistent 
colour pattern makes it more difficult to distinguish these directions. The figures with this tiling are not 
fully cropped like the figures of the previous tiling, because the context in figure 2.25 and 2.26 plays an 
important role in experiencing the colour interactions. Figure 2.24 shows the penrose tiling illuminated 
by equally configured lighting channels, clearly showing the randomness of the chosen colours. And 
this aspect of a random colour palette is one of the first things that stands out in figure 2.25 and 2.26. 
The ultra violet light in figure 2.25 ensures that almost all colours blend into their surroundings, leaving 
some faces appearing a darker tint of blue. By adding a little bit of green light, all the different shades 
of green in the tiling stand out, creating a shimmer like appearance which feels natural because of the 
randomness of shades. Figure 2.26 shows the same effect, but then the PC amber light highlights the 
yellow, orange and red colours. Keeping chromostereopsis in mind, this illumination setting seems 
to create a stronger perception of depth than the illumination setting in figure 2.25, caused by the red 
and blue interplay. Figure 2.27 is displayed to present how different illumination settings can enhance 
the visibility of the face directions. The visibility of the face directions also contribute to the three-
dimensionality of the pattern. It is important to note that the camera had difficulties adjusting to a 
completely blue environment, resulting in images which do not fully correspond to the real situation.
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Projections on organza

Figure 2.31: Projection of motion illusion on purple/blue organza 

Figure 2.30: Projection of motion illusion on purple/green organza 

Figure 2.29 Projection of motion illusion on white organza Figure 2.28: Projection of distorted moiré pattern on white 

The projections on organza opened up a complete new range of possibilities, because of its transparent 
and reflective properties. A wide variety of experiments resulted in a lot of knowledge and insights on 
which effects can be used later on in the process. Figure 2.28 shows a dynamic, distorted moiré pattern 
being projected on white organza. The fast changes of the distorted black and white lines appeared to 
let the static organza vibrate and shake. The fast switches in black and white resulted in the organza 
reflecting white light or being almost fully transparent when no light is projected (black). Figure 2.29 till 
2.31 shows how a motion illusion is being projected on organza of different colours. The motion illusion 
is meant to create an afterimage after looking at the red dot for a certain amount of time, but the motion 
illusion directly occurred on the organza itself. Inside the circle the organza appeared to expand and 
outside the circle the organza appeared to shrink. The transparency of the organza in figure 2.29 and 
2.31 contributed to perceiving the motion illusion, because the static background could clearly be seen. 
The organza in figure 2.30 was almost not transparent and not seeing the background resulted in hardly 
any motion. The strongest motion illusion was found in figure 2.29, where the black and white lines 
appeared closest to their true colour.
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Projecting on multiple layers of organza is a great method to achieve motion 
parallax, which is one of the characteristics of holographic projection. 
Besides, this setup is an interesting way to see the effects of projecting a 
object which appears on multiple layers, already creating a three-dimensional 
object. Figure 2.32 till 2.34 shows the projections of a spinor model on two 
layers of organza. Figure 2.32 shows how the spinor appears to have more 
perceived depth than the projections of the previous sections on a single 
layer of organza. Figure 2.33 clearly shows that the hue, saturation and 
luminosity of the projection on the rear layer are hardly effected by the light 
absorption of the front layer. The projection on the rear layer only seems a 
little bit blurry, which is probably caused by the focus of the projector being 
adjusted to the front layer. The refraction of the light by the first layer could 
also be a cause of the rear projection being less sharp. Figure 2.34 shows a 
detailed imaged of  the strings of the spinor curving around the organza. This 
curvature effect could be of inspiration in the design phase of this project.

Figure 2.35 till 2.37 shows the same spinor model being projected on five 
layers of organza. Despite the layers not being tightly hung, the projection 
still creates an obvious three-dimensional object in the five organza layers. 
The five layers provide a lot more perceived depth than the two layers of the 
other experiment. The only disappointing aspect is the blurriness across 
the layers. An experiment with tightly hung organza should reveal if the 
level of blurriness on multiple layers is acceptable. The spinor in figure 2.35 
, which consists out of a rotating sphere connected with coloured strings, 
appears as a dynamic lump, especially with the lines curving around multiple 
layers of organza. Figure 2.36 clearly shows the level of blurriness through 
the multiple layers when a spinor with sharp edges is projected. Despite 
the blurriness, the rear layers in figure 2.37 still show a great level of hue, 
saturation and luminosity in comparison with the front layer. The next page 
will present various experiments and insights while working with projections 
on organza.

 

Figure 2.35: Five layers of organza with projected spinor + strings Figure 2.36: Five layers of organza with projected spinor Figure 2.37 Five layers of organza with projected spinor (detail)

Figure 2.32: Two layers of organza with projected spinor + strings Figure 2.33: Two layers of organza with projected spinor Figure 2.34: Curvature of projected spinor strings
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Figure 2.39: Motion illusion projected on white organza Figure 2.41: Black inverted circle projected  on white organza Figure 2.43: Moiré pattern projected on fi ve white organza layers

In figure 2.38 and 2.39, a motion illusion is projected 
on purple/blue and white organza. The figures 
illustrate the playful, reflective properties of organza. 
The purple/blue organza constantly highlights one 
of the two colours as the perspective of the viewer 
changes. However, it is almost not reflecting any light 
when the background behind the organza has a white 
colour. This phenomenon can be seen in the upper left 
corner of figure 2.38. One possible explanation for this 
event to occur, is the white background that reflects a 
full spectrum back to viewer which leads to not seeing 
the reflected wavelengths of organza. This results in 
perceiving a white background and nearly seeing the 
organza itself. Lastly, the visibility of the projections 
improve when viewed from the side, because there 
are less reflections from the background being visible.  

Figure 2.40 and 2.41 show the effects of projections 
having black parts. The black parts do not project 
any light on the surface, resulting in not seeing any 
reflections coming of the organza. By combining this 
with white projections a strong contrast is made. 
Figure 2.40 shows a black dot being projected, 
which appears as a so called portal. Figure 2.41 
shows an inverted black circle being projected. 
At the black parts of the projection, the effects is 
even more obvious than the at the black dot. At the 
black areas, there are no cues of the organza being 
present anymore. Even the area projected with white 
light appears to have the curvatures of the organza 
projected instead of the curvatures of the textile 
being real. The contrast between the black and 
white projections interacts with the perception of the 
material in an interesting way.

Figure 2.42 and 2.43 show two moiré patterns being 
projected on five layers of organza. In comparison 
with the spinor model on the previous page, the 
projection of the moiré patterns appeared a lot 
cleaner. The moiré patterns do not appear like a lump 
despite the organza still not being stretched tight. 
Figure 2.42 shows that a simple pattern with evenly 
distributed lines create a lot of depth. The clarity of 
the projection adds to the amount of motion parallax 
being observed when changing viewpoint. Figure 
2.43 shows a more complex pattern which directly 
influences the clarity across the layers. An advantages 
of this pattern is the difference in line density across 
the pattern, which creates a dynamic effect when 
the pattern is moved around. In this situation, the 
curvature of the lines around the organza enhance 
this dynamic effect.

Figure 2.42: Moiré pattern projected on fi ve white organza layersFigure 2.40: Black dot projected on white organzaFigure 2.38: Motion illusion projected on purple/blue organza
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Figure 2.48: Aquarium filled with coloured objects and illuminated by equally configure light channels (50%)

Figure 2.47: Aquarium filled with coloured objects and illuminated with green light 

Figure 2.46: Aquarium filled with coloured objects and illuminated with dark blue light Figure 2.44: HP spinor in aquarium Figure 2.45: HP spinor in aquarium with dark blue light 

Aquarium, holographic projection spectral 
tuning

The following experiments were done with a container filled with water with 
a little bit of milk powder. The milk powder ensures that the light reflecting 
of the objects in the aquarium is being scattered around. Figure 2.46 till 2.48 
shows an experiment where objects with six different colours are positioned 
in the aquarium. The objects only received light from the slit above to 
minimise the scattering caused by the light source. The results did not 
exceed expectations of the experiment. Only figure 2.46 shows an interesting 
view, where the light reflections of the three objects on the left blend with 
their environment while the three objects on the right are being highlighted. 
Figure 2.44 and 2.45 shows an experiment with a pepper’s ghost projection 
of a spinor in the aquarium. As can be seen in figure 2.44, the spinor already 
appeared hazy without illumination. Figure 2.45 shows the spinor where the 
aquarium is highlighted with dark blue light. It was expected that the blue 
light of the projection would blend in with the dark blue light scattered in the 
aquarium, but the blue outlines of the spinor are still visible. The experiments 
with the aquarium do not seem to be effective and useful for later stages in 
the process.
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Experiment analysis

To analyse the experiments in a structured manner, a C-box is used to 
make the categorization of the experiments a lot easier. Normally the axes 
of a C-box consist of feasibility and novelty and they are meant to create 
awareness about the level of novelty and feasibility of each idea. By mapping 
out the ideas on the axes, it becomes more clear what needs to be done to 
make an innovative idea more feasible for example. In this case, it would be 
more suitable to choose the axes based on the context of the project. The 
following axes are used for this C-box:

Perceptual depth
This axis measures how deeply an experiment delves into the visitors’ 
perception. Experiments on one end may offer a surface-level experience, 
while those on the other end may provide a profound exploration of 
perception.

Technological impact
This axis assesses how significantly technology is utilized in shaping 
the visitor’s perception. On one end, experiments may use technology 
occasionally or on a low level, while on the other end, they may heavily rely on 
innovative technology.

Figure 2.49 shows the C-box where every experiment is represented by 
one image and mapped out on both axes. A larger version of the C-box 
can be found in appendix 4. The experiments were then categorized based 
on their position on the C-box and the technology or materials used. The 
categorization process resulted in six different groups:

1.	 Projections on organza
2.	 Projections on multiple layers of organza
3.	 Spectral tuning 
4.	 Holographic projection and spectral tuning
5.	 Optical sheets
6.	 Aquarium

The c-box illustrates that group 5 and 6 had a surface level exploration of 
perception, which is not preferred for this project. The upper part of the C-box 
shows the groups where a profound exploration of perception is reached. As 
explained in the experiments on the previous pages, group 1 till 4 showed 
a lot of different perceptual phenomena like motion parallax and colour 
interactions. These phenomena ensure that the experiments underwent a 
profound exploration of perception. Additionally, the upper part of the C-box 
shows an interesting separation of groups which lightly rely on technology 
and heavily rely on technology. This split is caused by the spectral tuning 
installation weighing more heavily than the simple projector being used 
with organza. To conclude, the C-box provides an insightful overview of the 
experiments. Analysing the position of each group on the matrix helps in 
zooming out on the past activities and it provides an overview of how the 
experiments communicate certain aspects like perception and technology.
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Figure 2.49: C-box with categorized experiment groups
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Requirements -- - + ++

Enable visitors to experience their own perception.

Facilitate visitors in learning about and reflecting on their perception.

Make the environment sensory-accessible.

Examine the visitors’ perspective on the world.

Showcase creative use of technology to shape the visitors’ perspective and 
impact their worldview.

Contribute to Highlight Delft’s vision to take the visitor on a journey at the transition 
between the physical and digital world.

Allow visitors to experience both technologies (holographic projection and 
spectral tuning).

Educate visitors about the perceptual phenomena with minimal effort.

Ensure a seamless delivery of perceptual experiences.

Foster intrinsic motivation for exploration.

Evoke joy in visitors.

Present novel and innovative concepts.

-- - + ++
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A Harris Profile is used to evaluate each experiment group. Despite the fact 
that a Harris Profile is normally used in the concept phase of a process, 
the results can provide an overview of the status of the current experiment 
groups. This means that a Harris Profile can evaluate if the experiments 
are on the right track according to the previously compiled requirements 
or if the experiments need some adjustment in the next steps. The Harris 
Profile in figure 2.50 shows the best scoring experiment groups according 
to the demands of the list of requirements. Only the demands are used for 
this evaluation as the wishes are a factor of consideration when choosing 
between different concepts or experiments in this case. The evaluation of 
the other experiment groups can be seen in on the next pages. The upper 
part of the requirements table is filled with demands from Highlight Delft 
and the lower part is filled personal demands. Each experiment group is 
subsequently evaluated per demand on a four- point scale matrix. The overall 
score is shown below the table. 

The experiment group projections on multiple layers of organza, and 
holographic projection and spectral tuning achieved the highest score. While 
both groups mainly score on the positive side of the table, some demands 
are not yet met or insufficient. The demands about sense accessibility and 
the transition from the physical to the digital world are not sufficient. The 
experiments are not triggering multiple senses yet and adding a story to the 
perceptual phenomena could solve the transition demand. The personal 
demands on providing a seamless delivery, being novel and innovative, joy 
and exploration are demands that needs to be involved in a later stage of 
the process. As mentioned before, this Harris Profile is used to check the 
status of the experiments. It is not used as decision model, but only provides 
information of what demands needs to be considered in a later stage of the 
process. 
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Requirements -- - + ++

Enable visitors to experience their own perception.

Facilitate visitors in learning about and reflecting on their perception.

Make the environment sensory-accessible.

Examine the visitors’ perspective on the world.

Showcase creative use of technology to shape the visitors’ perspective and 
impact their worldview.

Contribute to Highlight Delft’s vision to take the visitor on a journey at the transition 
between the physical and digital world.

Allow visitors to experience both technologies (holographic projection and 
spectral tuning).

Educate visitors about the perceptual phenomena with minimal effort.

Ensure a seamless delivery of perceptual experiences.

Foster intrinsic motivation for exploration.

Evoke joy in visitors.

Present novel and innovative concepts.

Figure 2.50: Harris Profile with the two highest scoring experiment groups
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Requirements -- - + ++
Enable visitors to experience their own perception.

Facilitate visitors in learning about and reflecting on their perception.

Make the environment sensory-accessible.

Examine the visitors’ perspective on the world.

Showcase creative use of technology to shape the visitors’ perspective and 
impact their worldview.

Contribute to Highlight Delft’s vision to take the visitor on a journey at the transition 
between the physical and digital world.

Allow visitors to experience both technologies (holographic projection and 
spectral tuning).

Educate visitors about the perceptual phenomena with minimal effort.

Ensure a seamless delivery of perceptual experiences.

Foster intrinsic motivation for exploration.

Evoke joy in visitors.

Present novel and innovative concepts.
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Requirements -- - + ++
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