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ABSTRACT

USER LIGHTING PREFERENCES IN MUSEUMS AND GALLERIES:
VIRTUAL MODELS AND A SURVEY FOR MULTIPLE EXHIBITION
AND LIGHTING CONDITIONS

Just as any other interior, lighting quality of exhibition spaces need to be examined
to enhance visual quality and comfort. Exhibition lighting is already a chaotic process
with many quantitative and qualitative parameters, their relation with each other and
concerns of multi-disciplines. Consequently, the impacts and the potentials of subjective
appreciation, daylight, user perception and behavior, new developments and the relation
between the parameters are often disregarded.

In this thesis, a comprehensive study is conducted to understand the impact of
lighting type, color temperature, room and exhibition parameters on navigation and
impressions. A set of three exhibition spaces with various room and lighting conditions
were modelled virtually, to be evaluated in a three-part questionnaire. A total of 90
participants are selected equally from three profession groups which are architects,
visitors and artists. Their movement through the exhibition, preferences and impressions
are analyzed with various statistical analysis methods.

Results show that there are some distinctive preferences between occupation groups.
In the first part, it can be seen that navigation choices changes with the lighting type as
the movement towards daylight increases in transition areas and the end. Generally,
daylight is preferred for sculpture while artificial light is preferred for paintings. In the
second and third part, it was found out that lighting type is the major factor against color
temperature in preference and impressions. The best setting is picked as single spotlight
with neutral color temperature. Warm ambient lighting is not received well. Ultimately,

lighting preferences and perception change with different room and exhibition conditions.
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OZET

MUZE VE GALERILERDE KULLANICI AYDINLATMA
TERCIHLERI: BIRCOK SERGI VE AYDINLATMA KOSULU ICIN
SANAL MODELLER VE BIR ANKET

Diger biitiin i¢ mekanlar gibi, sergi alanlarinin aydnlatma kalitesi gorsel konfor
ve kalitenin iyilestirilmesi i¢in incelenmelidir. Sergi aydinlatmasi halihazirda bir¢ok nitel
ve nitel degisken, bu degiskenlerin arasindaki iligki ve farkli disiplinlerin goriisleri ile
kaotik bir siirectir. Bunun sonucunda, siibjektif degerlendirme, dogal aydmlatma,
kullanic1 algist ve tercihleri, yeni gelismeler ve parametrelerin arasindaki baglanti
cogunlukla g6z ard1 edilmektedir.

Bu tezde, aydinlatma tiirii, renk sicakligi, oda ve sergi parametrelerinin yonelim
ve izlenimler iizerindeki etkisi kapsayici bir ¢alismada ele alinmistir. Cesitli oda ve
aydinlatma parametrelerinde {i¢ farkli modelden olusan sergi mekani serisi ii¢ agamali bir
ankette degerlendirilmek iizere sanal olarak modellenmistir. Mimarlar, ziyaretciler ve
sanatcilar esit olacak sekilde, li¢ ana meslek grubundan toplam 90 kisi ankete katilmustir.
Katilimcilarin sergide yonelimi, tercihleri ve izlenimleri ¢esitli istatistik analiz yontemleri
ile incelenmistir.

Elde edilen sonuglarda, meslek gruplar1 arasinda dikkate deger tercih farklar1
vardir. Anketin ilk kisminda, ge¢is mekanlarinda ve sergi sonuna dogru dogal
aydinlatmaya yonelimin artmasiyla yonelim tercihleri aydinlatma tiirii ile degistigi
goriilmiistiir. Genel olarak, heykel sergisinde dogal aydinlatma, resim sergisinde yapay
aydinlatma tercih edilmistir. Anketin ikinci ve iiglincli kisminda, aydinlatma diizeninin
151k renk sicakligina gore tercihler ve izlenimlerde daha baskin bir etkisi goriilmistiir. En
iyi aydinlatma diizeni ndtr renk sicaklig ile tekli spot 151k olmustur. Sicak 151k renk
sicaklig1 olan ambiyans aydinlatmasi iyi degerlendirilmemistir. Sonug olarak, aydinlatma

tercihleri ve algismin farkli oda ve sergi kosullarinda degistigi goriilmiistiir.
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CHAPTER 1

INTRODUCTION

1.1. Meaning of Exhibition Lighting

Architecture starts with light so does the act of exhibiting. Light makes objects
visible. It reveals their identity by defining their form, texture, scale and surrounding
space. In other words, light transmits the information that shared with the people in spaces
like museum and galleries. It can change the perception so it can influence the whole
exhibition experience (Cuttle 2007). Ultimately, lighting is a vital tool in exhibitions to
connect the visitor with the pieces beyond providing user comfort and architectural
quality when compared to other architectural spaces.

Every interior space has its own needs and principles in terms of lighting design.
Fundamentally, increase in the ability to see, increase in the working efficiency,
maintaining visual health and comfort of the user, making the space adequate to function
and decrease in accidents are expected in the lighting design of most of the interior spaces
(CIBSE 2002). After providing these basic conditions, interiors start to detach from each
other in terms of needs or tasks that need to be done under certain conditions. Still,
exhibition lighting remains special and distinct from other interior lighting principles.
This difference heavily relies on the aim of the exhibiting spaces which are museums and
galleries.

To understand their aim, the definition of these spaces must be cleared first.
Although the meaning of museum has changed over the years, the museums are the places
broadly responsible for conserving, researching, communicating and exhibiting the
heritage of humanity (ICOM 2007). Galleries are simply areas or buildings which are
used to exhibit artworks (Merriam-Webster 2019). The aim of these exhibition spaces can
be extracted from their definitions: lighting becomes a communication tool, a language
between people such as artist to audience (visitor), ancient civilizations to modern society.

They involve human and its perception more than any other space. In terms of lighting,

1



museums, galleries and exhibitions have similar concerns so all three of the terms is going
to be used throughout the thesis.

Exhibition places have a dynamic meaning in the society. Earlier, people visited
the museums simply to get information about history and art, in a way which is
experiencing and interacting with the exhibited object. Although, these places were not
designed for exhibiting at the time. The design principles of exhibition spaces have been
shaped with the visitor expectation over its short history. This progress changed the
reasons of people’s visiting museums and galleries. Now, museums offer a unique visual
experience created by many tools like lighting design. They have become cultural and
social interaction points for the people. In this sense, they are taken as the “artistic
presentation of humanity”, “the peak point of mankind” in the daily life (Kandemir and
Ugar 2016). Whether the impressive atmospherics in museums or new forms of artistic
expressions, visitor anticipation constantly changes with the evolution of “the peak
point”.

Representation of humanity is a sensible issue for many disciplines such as
designers, conservators, artists and curators. The meaning of exhibition gets layered with
the increase of these specializations. Perspective on the meaning of representation may
be different for each of them (ICOM 2007; Garside et al. 2017). These perspectives
immerse as the input for the whole process, later to connect with the output which is the

perspective of the visitors.

1.2. Problem Statement

A complex combination of various quantitative and qualitative aspects such as
conservation, displaying, expression, safety, visual comfort, sustainability and navigation
should be regarded in lighting design for museums and galleries (RFW Kommunikation
2007). For example, existence of light is already a critical problem in conservation which
contradicts with the act of displaying. Low illuminance levels are expected to minimize
the amount of damage to the displayed object which can compromise visual quality
(Schanda, Csuti and Szabo 2016). A meticulous balance between these parameters is

expected in lighting design in museums and galleries.



To clear the path, there are some guides and standards that can be referenced.
However, every lighting design eventually develops into a unique work with set of
choices made specifically for the exhibition and its area along with priority order of
aspects mentioned above. The inevitability of case-by case approach obliges each
designer to set their own rules by developing design approaches like using trial and error
method or passing undocumented knowledge disorderly among their network.
Additionally, a group of advisors are most likely needed in large museums to manage
multi-disciplinary aspects (Garside et al. 2017; Druzik and Eshoj 2007).

New technologies do not always help lighting designers either. They create another
obstacle with a wide range of options which alienates designer to pick one. For example,
LED lighting is getting popular in many building types including museums and galleries
with a variety of application techniques. Many researches and governmental programs
claim that LED is far better when compared to other lighting options with notable
improvements in multiple aspects such as visual quality, preservation and energy
efficiency. Still, museums are not quite eager to use LED since the effects of it especially
on materials are not fully understood and experienced (Piccablotto et al. 2015).

Daylight is a more controversial topic in museum lighting. Almost no daylight is
wanted among lighting designers due to preservation concerns. Direct daylight and glare
are not approved in any condition while controlling its dynamic behavior is considered as
too much risk. Therefore, beneficial elements like visual quality and energy efficiency
are often disregarded. Nowadays, sustainability is considered as a requirement even in
special buildings like museums so usage of daylight become more important. On the other
hand, daylight is one of the components that shaped the museum concept. Over time, it
became a crucial element for architects. Sometimes the reasons of daylighting can be
more meaningful in museums than other building types, like recalling the atmosphere of
the time when the object was created (Zaag 2017; Navvab 1998).

Another problem is that only surface is scratched with museum lighting in terms of
user perception and the type of the response. Beyond meeting all the requirements and
tasks regarding lighting, the quality of lighting design is mostly evaluated through
subjective appreciation (Lo and Steemers 2014). Usually, Subjective assessment and
surveys are used in the studies to understand the patterns between aesthetic preferences
and lighting. Although, a little attention has been given in the studies to issues like visitor

behaviors, exhibition sequence or the structure of questionnaire itself (Forrest 2014).



Since it is hard to control and investigate all parameters of museum lighting, most
studies focused on specific topics, correlation several factors. This complicates the
integration between research and practice. For example, Carvalhal et al. (2005), Pinto,
Linhares and Nascimento (2008), Csuti et al. (2015) studied the relation between color
pigment of paintings and color temperature of LED lamps. Zhai, Luo and Liu (2016)
studied the relation CCT, CRI and preference with LED lamps. Parameters like light
types, source, occupation, type of response are not considered.

Museum staff or lighting designers mostly cannot comprehend and apply the
findings, along with not catching up with the pace of the publications. The comprehensive
studies highlight the challenge and necessity of applying a clear approach. Even case-by-
case method is considered as beneficial and effective. Interestingly, the possibility of
creating complex heuristic models by using case-by-case data is suggested. It is found out
that main concerns in museum lighting are conservation, visual quality and their conflict.
Additionally, data from experiments and simulations are compared to correlate and set

the limits with the qualitative data (Garside et al. 2017).

1.3. Purpose of the Study

Despite this chaotic status in exhibition lighting, there is also a demand to investigate
and enhance the “formula” behind it. Studies have increased recently with a growing trend
on improving interior quality of all building types including museum and gallery lighting
(Kaya and Afacan 2017). With improved tools and knowledge, there is no reason to not
explore the potential of exhibition lighting.

Understanding human perception is the key to figure out reasoning behind lighting
decisions. However, users not only respond with stating their impressions, they can
respond in instinctive behavior like movement. User choices on navigation and
impressions can be obtained to understand human perception. Another problem of
studying human perception is to figure out the true meaning of the response. Structure of
the questionnaire can be arranged to systematize and increase reliability of subjective

response.



The response on the final appearance of the object is inevitably subjective. In the
end, an exhibition of the object is a one-time personal experience to a visitor, an artist and
a lighting designer. Acknowledging different view and priorities and their impact on
preferences can be used to communicate between disciplines and to construct a common
ground. Common ground is the basis to create a systematized knowledge. One of the aims
of'this thesis is to give lighting designers or museum staff an insight of each mindset with
reasons, especially visitors’ mindset as the target audience.

To conclude, the main aim of this study is to conduct a comprehensive study on the
relation between exhibition lighting and user by including multiple parameters such as
light source, lighting setting, color temperature, exhibition type and size, occupation and
other personal information of the participant. To guide lighting designers, the priority and
the level of impact of the parameters need to be sorted and understood. The relevant
parameters must be detected to overcome multiple objections of exhibition lighting.
Additionally, there are some minor objectives of this study such as testing visual
reliability of the used software and the efficiency and of the asked questions with
additional questions in the questionnaire.

To summarize the purpose with research questions:

e How lighting source, setting, color temperature affects the preference in
exhibition lighting?

e How the relation between exhibition conditions and lighting preferences work?

e Can lighting preferences be obtained from impressions and behavior regarding
exhibition?

e Do occupations which are involved in exhibiting and general visitors have a
tendency or certain preferences in exhibition lighting?

e Do daylight have more potential in terms of exhibition experience?

1.4. Limitations

There are several limitations in the questionnaire. Firstly, it must be noted that all

models used for the questionnaire are imaginary spaces.



Some lighting parameters are generalized especially when creating the first model
of the questionnaire. Since the main aim is to make participant to move towards either
daylit or artificially lit of the same exhibition space in a series of spaces, parameters like
dimension, type, transmittance values in windows and sun position are not considered. A
standard is determined in side-lit windows and the skylight. In the same model,
parameters like layout, illuminance, intensity, luminance, flux, CCT are not considered
in artificial lighting but settings related to these parameters are kept same throughout the
exhibition. This limitation is happened due to program abilities of Lumion since there are
no options to set lighting with real lighting parameters and measurements. Lumion is used
to have movement inside the rendered model.

Another limitation is the personal differences of the participants. Firstly, virtual
experience may differ with age. Perception of virtual environment may be an obstacle for
old ages but this factor is not considered in this study. The participants are picked from
all ages and movement inside virtual environment controlled by the interviewer but in
further studies a limited range of age could be selected. Secondly, three occupation groups
are determined from the participants. Their focus on whether exhibited objects, space or

lighting is not considered.

1.5. Structure of the Thesis

The literature review in the second chapter starts with elements of exhibition
lighting. Its components, parameters and role are explained. Main issues related with
lighting are mentioned such as the most discussed which is the conflict between
preserving and displaying when applying light on an object. With the heavy involvement
of subjectivity and human perception, parameters related to the conflict between fidelity
and artistic purposes are explained. The practice of exhibition lighting in the field is
mentioned discussed in the second part. Lastly, the reasons and solutions for the
miscommunication between theory and practice are discussed.

To understand the involvement of human perception, user preferences need to be
obtained and analyzed. In the third chapter, methodology of this study is explained. The

elements such as model making, the purpose of the questions in the questionnaire, the
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procedure and the planning of statistical analysis are explained separately in sections. A
questionnaire and virtual scenes were prepared based on the literature review to see the
preference on light source, lighting configuration and color temperature. Participants
were asked to complete the questionnaire by looking at three different virtual exhibition
scenes through computer screen.

In the fourth chapter, results are summarized and discussed by the order of the
questions in the questionnaire which includes the commentaries on exhibition lighting by
the participants who are practicing in the field. In the last chapter, discussions and
conclusion, key findings of each model are explained. Paralleling outcomes of different
analyses are mentioned in the end. The purpose and the contribution of the study are

discussed.

Table 1.1. Questionnaire model (virtual exhibition scene) planning

Model 1. Virtual Model 2. Paintings in | Model 3. Sculptures in
Exhibition Model for Virtual Model Virtual Model
Navigation

Used Program Lumion 3dMax Relux

Parameters Light Source Lighting Setting Lighting Setting
Exhibition type Color Temperature Color Temperature
Room Size

Response Navigation Choice Selection & Evaluation Selection & Evaluation
Selection & Evaluation




CHAPTER 2

LITERATURE REVIEW

In this chapter, studies and books regarding exhibition lighting are explained in
two sections which are theory and practice since the theory is not always projecting well
on practice. The reasons of this miscommunication are explained. Some overlooked
parameters and problems in theory and solutions in practice are regarded in methodology
such as understanding the effect of light source, exhibition, light setting, color

temperature on user behavior and preference.

2.1. Theory of Exhibition Lighting

Exhibition spaces differ from other interior spaces with the design approach of
lighting. Fundamentally, function shifts towards the object and the viewer more than work
has to be done inside the space. Usage techniques of light sources, main lighting

parameters and role of lighting in exhibition are discussed in this section.

2.1.1. Light Sources

There are many contradicting views and reasonings on daylight and artificial light
application in museums and galleries. First and foremost, both light sources should exist
together for all conditions (Cuttle 2007). Instead of eliminating one of them instantly,
each source has a potential to cover multiple problems and requirements of exhibition

spaces. Although density of light sources may vary according to the purpose of the space.



2.1.1.1. Daylight

Despite the negative view against daylight in the field of exhibition lighting,
daylight still exists in museums and galleries due to its irreplaceable qualities. Daylight
integrates with the building while reaching interiors and the object. The advantages of
daylight can be listed as: energy efficiency, better visual quality, improved human health
and visual connection to exterior. On the contrary, daylighting basically means preventing
direct sunlight interiors. One of the most mentioned problems is that unsteady and
unbalanced amount of daylight causes both visual and preservation problems like glare
or light damage. Additionally, dynamism of daylight is another debated topic. Usually
fixed light levels are desired among museum staff (Kim and Chung 2011). Although,
daylight’s atmosphere change and involvement of circadian rhythm are considered

experimental and valuable (Cannon-Brookes 2000).

Figure 2.1. Daylighting examples (Source : Cuttle, 2007)

Over the years, typologies and techniques are developed to overcome obstacles in
daylighting museums. Cuttle (2007) reviewed the daylight performance of various
opening types. For example, tilted placing of paintings is recommended in side lit spaces
to avoid reflection. Despite the unbalanced daylighting, side lit windows are
recommended for sculpture exhibiting to add a shading layer on the object (Figure 2.1
(left)). Usually, top light types are considered as the best daylighting system for

exhibitions spaces due to its direction and diffusing effect. However, additional control
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systems may be needed in skylights. To eliminate direct light, polar-oriented openings
like saw-tooth skylights are suggested in a study (Figure 2.1 (middle)) (Kim and Chung
2011). Besides the form of the top light, adding layers on glass (filters and frosted glass)
is an effective way to diffuse and control the amount daylight (Figure 2.1 (right)) (Cuttle
2007).

2.1.1.2. Artificial Light

The artificial light relatively has a recent in history of exhibition lighting than
daylight. Even the introduction of electricity changed the perception of lighting as static
rather than dynamic component. The static behavior is the reason of preference of
artificial light and the strengths of it can be summarized as precision and constancy. With
artificial light, lighting designer is in full control of the lighting environment.
Preservations risks are easily estimated as the lighting is evolved with conservational

concerns.

Figure 2.2. Washington National Gallery and Sprengel Museum (Source: Cuttle, 2007)

Artificial light can be applied in many ways though there are three main types of
application which are focal lighting (spotlight), wall-washer (Figure 2.2) and ambient.
Different from other building types, objects are in focus rather than surrounding space in
exhibition spaces. In artificial light, the focus and the direction can be adjusted easily with

focal lighting. Surrounding space can be illuminated with an ambient lighting to adjust
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the contrast and to provide a safe circulation (Garside et al 2017). Since the direction and
the application possibilities of lighting are endless, even surfaces of the room can be used
with wall-washer. The key point of artificial light is that the strategy has to change when
lighting 3D or 2D objects since different components are involved like shadow or
background (Cuttle 2007).

Over the years, many lamps types have been used in exhibiting. Recently, solid
state lighting (SSL), which is also known as LED, is popular among museum and gallery
community with its advantages like energy efficiency, color rendering and spectral
quality (Almeida et al. 2013). Most importantly, its dimmable characteristic changes the

static approach of artificial light to dynamic approach.

2.1.2. Parameters of Exhibition Lighting

Although there are numerous parameters of light, lighting design in exhibition
spaces mainly revolves around illuminance, CCT and CRI in exhibition lighting. Their
usage in the field by lighting designers, the relation between each other and the
recommended values are explained in this section. Effects of these parameters on human

perception are discussed.

2.1.2.1. Illuminance

Besides conservational aspects, there is any recommended range for light levels
in exhibition lighting though certain studies covers the relation between appearance and
illuminance. A satisfactory range is determined in a study which is between 50 and 400
lux. Scoring of quality increased as the illuminance value increased (Cuttle 2007).
Another study points out that at least the range of 100-200 lux is needed to perceive the
detail of the object. For paintings, minimum 200 lux is needed (Thomson 1986).

[lluminance values should be balanced to avoid glare (CIBSE 2002).
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2.1.2.2. Correlated Color Temperature

Correlated color temperature is a relative measurement which shows the color
appearance of light shown with Kelvin temperature unit. CCT changes with the
wavelength spectrum of light. From conservation aspect, CCT is only used to set the limit
of UV radiation since cold temperatures, high CCTs, have higher UV values. Lower
CCTs are preferred to minimize the damage (Thomson 1986).

The visual effect of color temperature is mostly ignored in practice though many
lighting designers in museums support the idea of unbiased view of exhibition which CCT
and CRI are not distorted to have a more appealing or dramatic effect. Some of them
acknowledges the enhancing impact of lighting effects on overall exhibition experience,
though they consider this as another field that needs a meticulous approach with high
level of expertise (Garside et al 2017).

Color appearance of light is a popular research topic. Relation between light
damage and CCT is explored in a study by Piccablotto et al. (2015). It is suggested that
amount of UV may change with in different light sources even CCT is higher. CCT and
light damage is not consistent. The study explicitly focused on the effect of material and
light behavior on damage factor. Two types of material with various colors are tested
under various CCTs. Materials are exposed to excessive amount of light (to have a better
curve) for long and short terms. It is found out that cumulative light exposure give
different outputs so accelerated aging method must be investigated. Also, it is found out
that wool fades faster in lower CCTs while silk fades faster in high CCTs. The key factor
in the results is the difference between LED and traditional lamps. The results show that
impulse to avoid high CCTs is not always right while using LED. Study also showed the
strength LED in balancing visual quality and preservation. Also, LED showed a lower
risk damage compared to other light sources (Piccablotto et al 2015). Another study also

reached to the same outcome (Ajmat et al. 2011).
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2.1.2.3. The Relation between Illuminance and CCT

In 1941, Kruitrof studied the relation between CCT and illuminance and their
effect on human perception. He used fluorescent and incandescent lamps in his study.
The curve determines an area as pleasing. Overall, the range of “pleasing” increases as
the illuminance value increases. When the illuminance values are set between
“acceptable” levels of exhibiting standards, CCT should be between 2700 and 4000K.
The CCT below 3300K is considered as warm. Between 3300 and 5300K is considered
as intermediate and above 5300K is considered as cold (European Standards 2002).
Regarding this, CCTs in interiors like exhibition spaces should be warm or intermediate
to be pleasing. However, there were some objections on the curve over the years that it

may change with different the task or LED’s performance (Luo et al. 2016).
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Figure 2.3. Kruitrof Curve (Source: Luo et al. 2016)

2.1.2.4. Color Rendering Index

Color rendering is an important factor in visual quality to see lighting’s ability on
color appearance. CIE set an index by comparing rendering quality of the light source to
ideal daylight which is the highest score as 100. Although, this index is highly criticized
due to its complex calculation method and adaptive factor of the human eye to perceive
color appearance (Thomson 1986). Regardless the accuracy of this index, light sources
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which have 80 or higher CRI values are considered suitable in exhibition lighting. LED
lamps mostly satisfy this threshold (Graaf, Dessousky and Miiller 2014). However, color
rendering index is not enough to assess the quality of lighting in color appearance. Many
researches highlighted the effect of illuminance and color temperature in color rendering

quality.

2.1.3. Role of Lighting

There is no particular start point for exhibiting art and exhibition lighting, art is
already exhibited during its creation process to its artist. Rembrandt was used to place his
paintings next to a north-facing large window to have diffused daylight on his work. Many
other painters developed their daylight control system in their working area with sheets
both to block and reflect daylight (Cuttle 2007). There was already a personal conscience
of the artist on lighting. In 18" century, exhibiting art started to evolve with private art
collections and later with national art galleries (Klonk 2009). This time, multiple
perspectives started to get involved. All these consciences developed before the
introduction of electricity while lighting is provided with daylight. Even with a limited
aspect, solutions and techniques had been developed at that time to display the artwork
properly. For example, paintings were usually placed with a downwards tint to prevent
glare and reflection.

Over time, lighting’s role changed with the growth of knowledge. New concerns
appeared in mid-20™ century (Cuttle 2007) such as conservation. ICOM (2007)
summarized the role of lighting as conserving, researching, communicating and
exhibiting the heritage of humanity. Nowadays, museums and galleries are monumental
spaces with ambitious designs. Even the sustainability is considered as a required goal
both in architectural and lighting design (Perez-Lombard, Ortiz and Pout 2008).

In the Lighting Handbook (2017), lighting’s role in interior is explained in three
aspects which are visual functioning, biological and emotional affects. Firstly, lighting
design has to provide visual comfort and safety with adequate illuminance and zero glare.
Secondly, interior spaces need to be adapted to our biological rhythm with lighting. The
first two aspects are similar with what CIBSE (2002) suggests in lighting of interior
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spaces which are increase in the ability to see, increase in the working efficiency,
maintaining visual health and comfort of the user, making the space adequate to function
and decrease in accidents are expected in the lighting design.

Philosophy of expression is recently introduced with LED as a concern in lighting
design. Un-biased or artistic approach in lighting design are considered as the ways of
expressing the art which can change the whole exhibition perception. On the other hand,
perception does not only rely on the expression but also relies on the impression. In this
sense, there is one more aspect which is the response of the user on the impression of the
lighting. However, the respond can be also obtained with behavior. In museums, there are
several behaviors that the user can show and one of them is the navigation choices
throughout the exhibition (Forrest 2014). Lighting can be evaluated with navigation
choices so does the navigation of the exhibition area can be designed with lighting.

With the development, role of lighting in museums and galleries can be
summarized in these aspects:

e Conservation of the object

e Displaying and expressing the object
e Safety and visual comfort

e Sustainability

e User behavior: navigation through exhibition

2.1.3.1. Conservation of the Object

The degrading effects of light on paintings or other display objects have been
acknowledged since 17th century. Before 20th century, some minor retrofitting like glass
filters were applied to prevent damage. Light is a radiant energy so changes material
chemically. It causes irreversible fading in pigmentation, drying and cracking in materials
(Druzik and Eshoj 2007). Multiple parameters contribute the damage effect directly: color
temperature, light source, illuminance, exposure duration and used materials. Therefore,

balancing between these parameters is an effective way to conserve the object.
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Color temperature and Light Source

Light is also examined in three ranges of the spectrum: UV, visible light and
infrared. Contrary to common misunderstanding, damaging effects of light are not
concentrated in UV range. Filtering UV light energy is an easy choice since the invisible
energy is not needed. In infrared range, heat damage becomes a problem. Though infrared
range is not common in the used light sources and filtering the infrared is still an option.
Still, UV factors overshadows the damage effect of infrared and visible light in many

cases (Thomson 1986, Ajmat et al 2011).

Hlluminance and Exposure Duration

Illuminance is also seen as a critical component in preservation. Fundamentally,
illuminance values are set between 50 and 200 lux for sensitive materials focusing visual
quality (Zaag 2017; Kaya and Afacan 2017). Although, illuminance values may extend
due to many factors regarding displayed object and the visitors’ visual impairment. Since
single illuminance values is not enough for these multiple factors, a scale is used. Starting
with 20 lux (distinction of faces), each time the value should be increased to its 1.5x
amount for further needing in illuminance (CIBSE 2002).

Additionally, it is unhealthy and unpractical to simplify the cause light damage to
as illuminance values (Druzik and Eshoj 2007). It is recommended to use annual
exhibition time of exposure values when considering light damage (Ajmat et al. 2011).
Recommended annual exposure values varies between 15,000 and 600,000 lux hours
regarding object’s sensitivity. For example, moderately sensitive object can be lit with
200 lux up 8 hours (Cuttle 2007). This method can be used in the optimization of

preservation and visual quality.

Material Behavior

In terms of preservation, it is important to not rely on simple correlations between
just two parameters. Many recent studies highlight that each material and color
pigmentation behave differently to light components (Piccablotto et al 2015). Even case-
by case approach might be needed to configure lighting since environmental history of
the material can alter the behavior too. Lighting should be determined by regarding

material’s responsiveness to light (Cuttle 2007).
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Table 2.1. Material classifications on illuminance (Source: Cuttle 2007)

Material responsiveness Limiting Limiting exposure
classification illuminance (1x) (Ixh/y)

RO. Non-responsive no limit no limit

R1. Slightly responsive 200 600000

R2. Moderately responsive 50 150000

R3. Highly responsive 50 15000

2.1.3.2. Displaying & Expressing the Object

The visual assessment of both object and light ends with how people see it.
Therefore, displaying or expressing the object are primary concerns in lighting design.
There are different approaches to this issue.

Beyond providing the adequate visibility and sustaining the conservation of the
displayed object with lighting, the visitors anticipate to see objects truest representation,
the time of its creation or its artistic meaning behind it (Cuttle 2007). Since any of them
can be an impactful purpose for the exhibition, there is a dilemma between artistic and
true expression when approaching lighting. Just like many other concerns about lighting,
there are different approaches of the disciplines to this issue. The first option is honest
and unbiased displaying by preferring neutral CCTs and high color renderings. Overall,
this approach is preferred among many museum staff who are mostly focused on
conservation. On the other hand, light manipulation may be needed in some cases to
compose a theme between objects while compromising conservation or even visibility
(Cuttle 2007). In this option, CCT and CRI can be manipulated to create interesting
atmosphere in which color fidelity is distorted. Light effects are mostly seen as creativity
issue thus handled by exterior lighting designer or architects (Garside 2017; Kim and
Chung 2011).

In the end, whether the aim is to bring out the “truest form”, every lighting design
creates a different experience therefore all can be considered as light effects. Although, a
little attention has been given to understand the pattern, reasons and the techniques behind
it. Foremost, they can be used to set exhibition purpose and the atmosphere that should

inspire the viewers (Leccese et al 2018). Color rendering can be discussed to understand
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the impact of light effects. Another option is to capture similar conditions where object
was created.

A little attention has also been given to the psychological impact of displaying
choices. Although, there are some studies and methods cover the relation between
lighting/object parameters with human perception and preference. Monza is a lighting
method acknowledged by many lighting designers for many years in a basic way with
different names such as “three-dimensional lighting”. With the recent introduction of
LED in museum and gallery lighting, it has been studied by the architects Francesco
lannone and Serena Tellini. LED’s high spectral quality encouraged lighting designers
and researches to aim higher standards. Ongoing problems in artwork lighting like
different behavior of pigments is handled again with the method. Design process even
involves “Neuroaesthetics” which uses neuroscience to understand art (“Museum
Lighting Workshop” 2014). In a way, artwork-based lighting design focus shifted to

perception. It encourages lighting designer to acknowledge visitors’ perception.

Figure 2.4. Monza Method application (Source: lannone 2017)

One of the starting points is that the perception and existence of neutral light.
Researchers claim that neutrality never existed in reality and the imperfected neutrality
of nature must be aimed to connect with the past. It aims to represent the most neutral
form of the artwork and its creation process. The method is mainly associated with
artifacts, old buildings and artwork since one of the goals is to bring out the authenticity
of the time period. The method got the recognition and its name with the lighting design
of San Maurizio Church in Monza. One of the principles is to analyze the concept of the

artwork and design the lighting integrated with the context.
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The method basically uses various types of lighting elements differentiating in
type, color temperature, intensity, beam range and focal points to create an “immersive”
composition. Multiple focus points layer the perception, work harmoniously with the
complexion of brain and the details. Lighting is constantly played to create alternatives
so the process heavily relies on testing or in other words, trial-and-error method. It aims
to revive dynamic characteristic of lighting which ironically lost with the technology
(introduction of artificial light) over time. It can bring out the circadian rhythm, seasonal
effect, fractality of daylighting. New technologies like LED allow the flexibility to it.
This method also tests the needs of better lighting solutions by observing lighting
configurations so it is considered as a continuous work (Iannone 2017).

A study by Leccese et al. (2018) used this method to evaluate multiple
configurations of LED spotlights on two historical paintings in National Museum of San
Matteo The relation between human perception and physical measurements such as color
temperature of lamps, their illuminance and luminance values are analyzed. For each
configuration, various types of spotlights are combined while one configuration contained
two color temperatures (3000 and 4000 K). The significance of this evaluation is that
physical measurements are taken from multiple points on paintings to detect focal points
where observers can perceive the “enhancement” and better visual quality. Some of these
points are located outside of the painting to understand relation between painting and its
background. Results show that higher illuminance values and uniformity enhances the

quality along with warmer color temperature (Leccese et al. 2018).

Figure 2.5. Monza Method configurations (Source: Feltrin et al)
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2.1.3.3. Safety and Visual Comfort of the User

The illuminance values in museums and galleries differ from other spaces for
many reasons. The lighting is mostly evaluated with the impact on the object or the
subjective appreciation of the visual outcome. Even it is not the displaying and conserving
concerns, one of the biggest differences is that the general illuminance is measured to be
evaluated since there is no particular task area throughout the exhibition. Therefore,
general illuminance must be sufficient for safety reasons.

When the object’s material sensitivity is high, the illuminance values could be
extremely low, barely visible for regular vision. Lighting designer must consider visual
impairment of the visitor especially for ageing reasons. In elderly people, light
transmission through eye decrease dramatically which can cause loss in vision. Visitors
are mostly mobile in exhibition areas so loss in the vision could be dangerous for elderly
visitors and others around them. Also, it is a requirement to provide safe movement in
exhibition areas. Therefore, extreme illuminance values could be avoided if the safety is
a vital concern for the exhibition. An elderly visitor could need three times the existing
brightness level to have the same experience Beyond safety and visual comfort of the
visitors, visual quality of the exhibition can only be appreciated fully by providing visual
appearance to a range of people including elderly. A good balance between these aspects
can be achieved with adjusting different illuminance levels on floor and object surfaces,
creating adaptation zones to different illuminance values with light direction, ambient

light, different surfaces (CIBSE 2002; Cuttle 2007).

2.1.3.4. Sustainability

All around the world, buildings consume 20 to 40% of the total energy and the
growing trend continues each year. Even in current growth, energy demand must be
controlled to preserve the resources and prevent further environmental damage.
Economically developed countries need more energy in all types including the service

sector buildings. The service sector buildings like museum and galleries usually aim for
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the ambitious environments. Various types of high-quality and high energy-consuming
equipment are needed to maintain the expected interior environment and digital building
systems along with the non-compromising strategy of thermal and visual comfort (Perez-
Lombard, Ortiz and Pout 2008). As the expectation increases, the energy demand for
artificial light keeps increasing by making almost 19% of the energy consumption
(Almeida 2014). Therefore, a sustainable strategy is needed.

Although, sustainability has one more meaning than energy efficiency in
museums and galleries which is object conservation of light damage. Daylight is the
ultimate solution for energy savings though daylight itself and some of its fixed
controlling systems cannot meet the conservation requirements with high exposure of
light. However, application of automatic control systems for both daylight and artificial
light are the ways to balance energy and conservation requirements effectively.
Nowadays, sustainability concerns are more apparent in the design process of the building
(Graaf, Dessousky and Miiller 2014).

Above all the possibilities and solutions, the best possible lighting is usually
aimed for art’s sake and most of the time their energy consumption is overlooked. One of
the energy efficient solutions which is acknowledged by the museum and gallery
community is LED lamps. Even it is a secondary concern, these buildings are not an
exception to not adapt the energy saving concept. Though there are some hesitations and
prejudgment to these new technologies. Many museums prefer to not sacrifice lighting
quality for energy efficiency. Some of them are also skeptic of LEDs’ long-term effects
on objects in terms of lighting since it has not been tested. High cost of LED lamps is

another reason for the hesitancy (Garside et al. 2017).

2.1.3.5. Navigation through the Exhibition

A place is experienced by moving through them (Cullen 2015). Light creates
zones, in other words “bubbles”, by descending into interior space in spherical forms.
These places are perceived as either defined spaces or transition areas. Various types of
light, even only the elements in daylight itself (eg. placement of openings) can create a

series of light-zones. Madsen analyzed light zones in several cases. In the analysis of
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foyer in Le Corbusier’s apartment, foyer differentiates in light source which is daylight
and illuminance level from other spaces. Combination of these places works as a “shadow
zone” which motivates people to move (Madsen 2007).

In exhibition spaces, wayfinding is especially important to allow visitors to plan
their route through the exhibition easily. It can help visitors to adapt to the space and
focus more on exhibition (Hidayetoglu, Yildirim and Akalin 2012). Wayfinding can be
provided by using architecture and objects such as distinctive pathways or landmarks but
“environmental cues” is another way to achieve it (Blake 2011). There is no
comprehensive research about the impact of lighting on navigation in exhibitions though
studies about general lighting or retail lighting can be referenced. In an experiment,
lighting is used as an environmental cue. Results show that people have a tendency to
choose “right” when moving through the same conditions though when the left side is
brighter, people leave their tendency significantly (Taylor and Socov 1974). In other
words, people move towards light.

In retail lighting, there should be focus and relief points in order to not exhaust
visitors with constant attention (Yilmaz 2018). Same effect could be discussed in
museums and galleries. In terms of lighting, space should not be monotonous and
constantly dense. Dividing exhibition into parts with transition areas like foyers, corridors
and circulation areas which lit differently is a common way to achieve it (Good Lighting
for Museums 2007). Daylight can be useful to break the maze effect and to guide the
visitor. Characteristics of daylight, visual connection to surroundings and revelation of
form can create the in-and-out dynamism (Kim and Chung 2011). Relation between
different light zones should be planned carefully. Cuttle proposed a scheme to plan the
sequence of these zones regarding parameters like material responsivity and light type

(Cuttle 2007).

2.2. Practice of Exhibition Lighting

Field application is the key point to understand problems regarding museum and
gallery lighting. A recent study by Garside et al. investigated qualitative reasons behind

the decisions in lighting design. Twelve museum representatives are interviewed with
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semi structured questions to understand the field of museum lighting: how guidebooks,
recent research and developments affect the practice. Answers showed that, there are
multiple steps museum staff usually go through when finding appropriate lighting. The
first step is to meet several objective parameters such as setting lux exposure and UV
values to recommended values since controlling the damage potential of lighting on
objects is a priority. Still, some of the parameters such as CCT or CRI, their recommended

values and arguable damage impact are overlooked (Garside et al 2017).

2.2.1. Standards versus Field Application

In terms of conservation, there were attempts of establishing standards in lighting
in 1950s (Thomson 1986). Although, the first extensive books were published in 1980s,
like the most popular, Thomson’s comprehensive guide, “The Museum Environment”. A
recent survey shows that “Guidelines for Selecting SSL for Museums” by Druzik &

Michalski; IES and CIE’s museum guides are also the most followed.

Table 2.2. Summary of exhibition lighting issues and relevant literature
(Source: Kesner 1997)

Exhibition Lighting Issue Relevant Literature Title, Year

1) deBoer & Fischer, 1981 2) Egan, 1983

3) Moreno, 1989 4) Thomson, 1986

1) Berns & Grum, 1987 2) Feller, 1964 3)

Occupant Comfort

Judd, 1967
Artifact Appearance and 4) Kaufman & Christensen, 1989
Detail Visibility 5) Loe, Rowlands, & Watson, 1982

6) Thomson & Staniforth, 1985

7) Thornton, 1972, 1974

1) deBoer & Fischer, 1981 2) Egan, 1983
Visual Quality 3) Flynn, Segil, & Steffy, 1988 4) Thomson,
1986
1) Kaufman, 1987 2) Thomson, 1986
3) Weintraub & Anson, 1990
1) Chartered Institution of Building
Services, 1980
2) Kaufiman, 1987 3) Thomson, 1986
4) Thornton, Chen, Morton, & Rachko, 1980
Daylighting System 1) Egan, 1983 2) Lam, 1986
Quality 3) Robbins, 1986 4) Thomson, 1986

Artifact Preservation

Electrical lighting System
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The problem museum staff faces mostly with recommendations and studies is to
catch up with improvements; they find existing solutions such as conferences and
workshops useful not new studies (Garside et al. 2017). Same problem appears with the
usage of LED lamps. Since it is a new technology, interviewees are not sure about the
long-term effects on materials. A broad survey also showed similar results. Despite this

uncertainty, they are encouraged to use LEDs for energy efficiency (Perrin et al. 2014).

2.2.2. Case by Case Approach

In the study of Garside et al. (2007), almost all interviewees claimed to approach
case by case to each object lighting after meeting fundamental requirements. Final
appearance of lighting is mostly determined with the collective opinions of employees in
exhibition spaces. All of these employees claimed to be specialized in one aspect which
also ensures to meet requirements. In this approach, if the main aim is to capture the best
appearance of object with lighting, the strategy is to conduct a visual test for all lighting
options includes different lamp types, brands, color temperature, etc. The study concluded
with listings of common acknowledgements in museum lighting while highlighting the
fact that multi-disciplinary mastery is needed to truly improve museum lighting. Every
exhibition space and object are unique but field work is the best way to understand it

(Garside et al 2017).

2.2.3. Simulation Approach

Simulation is an effective way to understand the behavior of light, especially
daylight. It enables to test numerous scenarios virtually. Nowadays, either it is a new
design or a retrofitting project, simulation data is expected during the design process.
Daylight, artificial light performance and various lighting techniques, visualization,
object sensitivity, energy consumption, and cost can be simulated with various methods

and software.
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Enhancing simulation tools is a popular research topic in environmental control.
In a research, daylight performances of various skylight types are evaluated via daylight
simulation software Radiance. Beyond optimizing and detecting effective parameters in
daylight, research investigates the effectiveness of software along with the process of
daylighting simulation integrated architecture. Measurements of scale model and
simulation model are used calculate a “correction factor” to calibrate the simulation when
testing skylight scenarios. It is found out that monitor-shaped and sawtooth-shaped
skylights have a better daylight performance compared to existing pyramid-shaped
skylight. Strengths and optimum dimensions of these skylight types are also mentioned
(Kim and Chung 2011).

A study in 2007 commented on the future of the museum lighting by analyzing its
development over the years along with reviewing the problems which are highlighted in
recent studies. It questions standard parameters and their inconsistent outcomes and the
application in the field. Limitations in parameters like illuminance must be corrected
including advanced parameters like surface reflectance, exposure time, amount of object
detail, material and observer age. Study points that construction of a communal approach
is increasingly needed in current status. It addresses a study which calls for a heuristic

model in museum lighting (Druzik and Eshoj 2007).
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CHAPTER 3

THE METHODOLOGY

3.1. Modelling the Questionnaire Visuals

Since there are multiple objectives in the study, multiple sample visuals were
needed. Participants were expected to state their choices between different options and
evaluate the determined points in each visual. For each step of the questionnaire, three
different programs were used for different needs. In the first step, exhibition model was
visualized in Lumion. Although similar processes happened, 3DMax and Relux were

used respectively for the second and third steps of the questionnaire.

3.1.1. Navigating Through a Virtual Exhibition

A series of virtual exhibition rooms were planned to figure out effecting factors
in participants’ navigation preference. Although the main objective is to see the
distinction between daylight and artificial light impacts on navigation, different lighting
and room settings were also included to detect the driving factors to choose between these
two light sources such as exhibition type, size, window type and room function

(exhibition or transition).

1A) —— ™ 2A 6A
£ D
D
A
Starting / /\
i Y
Point I A
o ——— —_— 3
4 A - \/
D
A Artificial Light A
(5] DayIAight D D
Choice 1D 2D 6D
— One-way
Evaluated . " , . e — - i . S
Spaces (A2) Exhibition Exhibition Transition Transition Exhibition Transition Exhibition
Room 1 Room 2 Area Area Room 3 Area Room &
Sculpture Painting Painting Mixed

Figure 3.1. Diagram of the space composition
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To see the consistency in choices and the impact of the stated factors, multiple
steps were needed. Different exhibition spaces and transition areas were brought together
to generate 6 steps of choices (Figure 3.1). Except the type of the light source, identical
exhibition rooms were placed next to each other as a choice to see clear results in each
step. Participants were expected choose one room to continue with when they reach these
navigation points. A group of 7 rooms were selected which participants were expected to
pick one and evaluate after the tour. Selected rooms were classified according to the

objectives (Table 3.1).

Table 3.1. Classification of the Evaluated Rooms

Exhibition Space Meter Exhibition  Light
Spaces  Dimensions Square Type Source
1A . Artificial
1D Medium 34 Sculpture Daylight
2A . _ Artificial
D Medium 30 Painting Daylight
3 Small 20 Sculpture Both
6A Artificial
6D Large 150 Both Daylight

Figure 3.3. (a) A view of a window, (b) a skylight in a museum (Source: Cuttle 2007)

A model was prepared in ArchiCAD software. The plan of the whole exhibition
area formed like symmetrical branches, showed the combination of the navigation choices
(Figure 3.2). Transition areas like corridors were also used to locate navigation choice
points inred: 1, 2, 3, 4, 5, and 6 apart from splitting the areas. The evaluation areas were

marked in black in the plan. The ceiling height is kept 4.2 m in every room. To understand
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the impact of opening, different types and dimension of windows were applied. Except
the skylight in room 6D all windows openings are same which an example is used (Figure
3.3 (a)).

After designing process, the model was imported into real-time visualization
software Lumion 6.0 to navigate the participant through the model. It must be noted that
as solely architectural visualization software, Lumion is not validated for lighting
simulation and calculations. Adjusting lighting parameters in their units and obtaining
lighting values had to be disregarded to provide movement. Although, brightness, beam
angle, color temperature levels can be adjusted. All spotlights had the same color
temperature, brightness and beam angle (Figure 3.4). Despite these limitations, the main
reason why Lumion is used is to allow movement inside the model while the software is

visualizing the model.

Light Properties

Brightness

Cone Angle

Figure 3.4. Lighting settings in Lumion

Sculptures and paintings were added into the model also in Lumion. Spotlights
were mounted to illuminate determined areas artificially and these areas were labelled
with “A” in the classification table. Clear sunlight was adjusted in daylit areas which were
labelled with “D”. Single orientation of sun is kept through the exhibition. Direct sunlight
is controlled with shading elements. In exhibition space 6D, ceiling material was
illuminated to generate skylight effect.

Since Lumion is not designed for lighting simulations but simply visualizing 3D
environments, visual fidelity is needed to be tested. A question was added to the first part
of the questionnaire just to see the reliability of the software for this study. Ina 1to 5

Likert scale question, participants were asked to address the light source in their evaluated
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room. Results are shown in the shown in the Table 4.5 discussed in section 4.1.3. It was

found that Lumion’s lighting rendering is reliable for this study.

Figure 3.5. From above to below and left to right 1A-1D, 2A-2D, 6A-6D
3.1.2. Virtual Models for Painting and Sculpture Exhibition

Two different exhibition rooms were modelled to see the relation between user
preferences and lighting parameters which are color temperature and light type. These
two exhibitions rooms determined as painting and sculpture rooms to see the factor of
exhibition type on user impressions. In the painting room, 3DMax was preferred to apply
painting as textures easily. Relux was preferred in the sculpture room. Similar processes

happened when modelling in 3DMax and Relux. Relux is specifically designed to
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simulate artificial light and daylight and obtain lighting values easily. Nevertheless, both
programs allow importing photometry information, adjusting lighting parameters in units
and calculating illuminance values when modelling. Both programs were found sufficient
enough to continue the study.

Base models were designed for each room which room dimensions, materials,
objects and camera angles were set. Later, 3 different lighting configurations for each
exhibition type were placed separately to the base models. Since the both object types,
painting and sculpture, need different lighting, different lighting configurations were

determined.

Table 3.2. Diagrams of 9 renders for painting and sculpture room respectively

LIGHTING SETTING LIGHTING SETTING

1 2 3 1 2 3

. . 1 -Additional 2 -
28} g 1 -Single 2 -Multi 3- =a) g X . 3-
% § Spotlight Spotlight Ambient % § %I;?:Elg%l(;;gg :1?(();]191] gel(l:tt Ambient
E 3000k 3000k 3000k E e i 3000k
@ | F | 4-Single | 5-Muli 6- 2| B Soghen | spoight | 6
> ‘5 Spotlight Spotlight Ambient > ‘5 Background on Object Ambient
0 0
M Z | 4000k 4000k 4000k 2l 000k 000k 4000k
e o2 7 -Additional 8-
e 7 -Single | 8 -Multi 9- e . ) 9-

o o
3 | © | Spotlight | Spotlight | Ambient = | g| Spotlighton ) Spotlight |, G
S| ° | 5500k 5500k 5500k O | ©| Background | onObject | * 55
5500k 5500k

Lighting calculations were made in each model to have accurate exhibition
environment. [lluminance values were kept between 50-300 lux on objects. After the
illuminance, four color temperatures which are 3000, 4000, 4500 and 5500 Kelvin were
set in each lighting configuration. Later, elimination between 4000K and 45000K was
made since they are close. For the questionnaire, 3000, 4000, 5500K lights were selected
as warm, neutral and cold light settings respectively. A total of 9 renders were gathered

for each exhibition type. All visuals were obtained as HDR outputs in both of the models.

3DMax

In the 3DMax base model, an exhibition room with the dimensions of 10x4 m and
3m height was made. Reflectance values of floor, walls and ceiling were determined as
0.5, 0.9 and 0.9 respectively. A set of five paintings with similar style, colors and

dimensions were placed on three walls that are in view. Camera was located 8 m away
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from its counter wall and its height set 1.7 m above from the ground. After completing
the base model, three lighting settings were applied. The first lighting configuration is
single spotlight on each painting. Actual lighting was used in each setup by importing
their photometry information. Zumtobel LED-Spot Arc 3’s was selected in spotlights.
The second lighting configuration is multiple spotlights on each painting which was
applied by following “Monza Method”. Zumtobel’s Arcos 3 Xpert LED light was
selected. Different color temperatures were set for spotlights which are focusing different
parts around the painting frame.

A 500 Kelvin range was determined to have different color temperatures. 3500, 4500,
5000 K secondary lights were used with 3000, 4000, and 5500 K respectively. Although
the ambient lighting is generally not used in exhibitions, it was added as the third
configuration to see the distinction from spotlight and its behavior with different color
temperatures. For the last setting, Zumtobel’s Light Fields Evolution light was used.
Intensity in each lighting setting was adjusted in accordance with calculations. After

applying lighting on the base model, renders are obtained via Mental Ray calculation.
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Figure 3.6. Drawings and distribution of each light setting respectively
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Relux

In the Relux base model, sculptures were placed into a room with the dimensions
6x3.5m and 3 m ceiling height. Reflectance values of floor, walls and ceiling were
determined as 0.5, 0.9 and 0.9 respectively. A total of 5 plinths were placed in u-shape
into the room as a base for the busts. The dimensions of these plinths were determined as
0.8x0.8 m with a 1.1 m height. Reflectance value of their surface is 0.9. A different set of
lighting settings from the painting room were applied to the base model since lighting
behaves differently with 3D objects. [lluminance was tracked with light meters which

were set on working plane and walls.
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Figure 3.7. Drawings and distribution of each light setting respectively

The first setting contains 10 spotlights, two for each bust. One of them is directed
at the bust while the second one is directed at wall behind each bust. This is one of the
lighting methods to define space around the object (Cuttle 2007). Similarly, two lights for

each bust were determined in the second configuration. This time both lights were
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directed to the bust from different angles. Zumtobel’s Supersytem II LED Spot midi lights
were selected for the first two settings. Ambient lighting was determined for the last
setting. Zumtobel Basys LED II was picked. When visualizing, only artificial light was

calculated via Raytracing.

Figure 3.8. Visuals of the questionnaire for the second and third parts respectively
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3.2. Questionnaire

3.2.1. Questions and the Procedure

A three-part questionnaire was prepared in accordance with the models. Each part
is labelled with a letter to group their questions in the questionnaire. In the first question
of the first part, participants were asked to move towards between two similar exhibition
areas by stating their choice as “left” or “right” and camera inside the model moved
towards either daylit or artificially lit of the same exhibition area. This process is repeated
6 times. The participants were kept uninformed about the intention of the study to
maintain intuitional navigation choices throughout the question. Their direction response
data were entered as 1 and 2 for artificial and natural light respectively for statistical

analysis.

Figure 3.9. A view from navigation choice point

In the second question of the first part, participants were asked to select their
favorite exhibition space and continue to answer Likert scale questions based on 11
criteria for this space. Likert scale was set between 1 and 5 through the whole
questionnaire. In the first Likert-scale question, recognition of light source is asked to see
the visual fidelity of the Lumion software. In the questions between 2 and 9, participants
are asked to evaluate both displaying and the space of the exhibition. Since human

perception is deceiving when evaluating color temperature (Zaag 2017), question 10 was
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put deliberately to find a relation between room and light parameters on color temperature
perception. Lastly, question 11 is put to measure the level of preference of evaluated
spaces. At the end of these questions, participants were asked to pick 3 important
questions to assess lighting in the last question.

For the second and third part of the questionnaire, participants were asked 5
questions each. In the first questions B1 and C1 for each part, participants picked one
setting from each column out of 9 setting which is displayed full-screen. They have been
informed that they could pick them for any reason since the catchiness is tested and they
would pick the catchy setting intuitively. After selecting the setting, each visual of the
setting is displayed full-screen separately by the order of lighting configuration groups.
For example, if picked instead of first visual, fourth visual is displayed and evaluated
before the second visual. The participants were asked to answer 9 Likert scale questions
almost same with the first part for each visual. Only lighting type and catchiness questions
were taken out because assessing lighting fidelity and catchiness become redundant with
only artificial lighting and the last question. Later, they were asked to pick the setting that
they most liked, disliked and found the most interesting out of 9 settings. The format of

the questionnaire is inserted in the Appendix section for further examining.

3.2.2. The Participants and the Environment

A total of 90 people around Izmir participated in the questionnaire. Three main
occupation groups were determined as participants: 30 architects (including architecture
students), 30 artists (sculptors, painters and curators) and 30 visitors (other occupations).
Participants were divided into these groups to understand priorities and reasoning in
lighting preference in each group. Since the progress of questionnaire is highly individual
and interactive due to the choices and controlling of the virtual environment; participants
joined the questionnaire one-by-one.

Questionnaire has been done within 3-month period; lighting conditions of the
questionnaire environment are included as variables along with personal information and
possible visual impairments. 59 women and 31 men participated while 33% of them are

between the ages 17-25, 37% are between the ages 26-35 and 30% are between the ages

36



36 and 75. Average age is determined as 33 years. Out of 90 people, 54 participants had
some visual impairment 43 of them use either glasses or lenses for it.

Environmental conditions were also tracked. Overcast sky conditions were
observed during 50 questionnaires while 31 and 9 questionnaires were conducted under
clear and night sky conditions respectively. Artificial light was present in 58

questionnaires while only daylight was available in 32 questionnaires.

3.3. Statistical Analysis Methods and Planning

Since all questions are structured differently various types of statistical analysis
methods such as OLS, ANOVA, T-test, GLM, covariance and correlation are used. These
analyses were run in software Minitab, Excel and R. Sometimes, the same data set is
analyzed with multiple methods. Analysis for each method is listed numerically:

e Ordinary Least Squares Regression: In this study OLS method is used to figure
out the relevance of determined criteria in different exhibition conditions at a 5%
level of significance. It must be noted that, one data is eliminated in each analysis
to run the method properly.

1. The significance of each 11 criteria which are asked in A3 in 6 selected
spaces (1A, 2A, 1D, 2D, 6A and 6D) which are stated in question A2.
Space number 3 is eliminated.

2. The significance of each 9 criteria which are asked in B2 in the 8 visuals
ofthe painting room. All three evaluations of each participant are gathered
to be analyzed under their visual number. Least picked visual is
eliminated.

3. The significance of each 9 criteria which are asked in C2 in the 8 visuals
of the painting room. All three evaluations of each participant are grouped
in their visual number. Least picked visual is eliminated.

e ANOVA is only used in the first part at a 5% level of significance.

1. The difference in the navigation choices in each step which is asked in
question A1 to find whether there is a significant relation between the steps

which differ in room and exhibition parameters.
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2.

Previous analysis is split into occupation groups (architects, visitors and

artists).

T-test is used five times for five pairings of selected spaces in part A. The

difference between each pairing in 11 criteria which is asked in question A3 are

analyzed at the 5% level of significance.

General Linear (Regression) Method is used when a parameter is determined as a

factor on some response parameters at a 5% level of significance.

1.

The impact on personal and environmental information which are asked
in the end on selection-based questions which are Al, A4, B1, B3, B4, BS,
Cl, C3, C4 and C5.

Visual quality as the factor on the response of other criteria which are
asked in question A3.

A total of 3 analyses where responses to 9 criteria in the painting model
(question B2) are grouped into three color temperature groups and
analyzed separately (visual 1-2-3 as warm, visual 4-5-6 as neutral, visual
7-8-9 as cold) which lighting setting differentiates as the factor.

A single analysis where responses to 9 criteria in the painting model
(question B2) are grouped into three lighting setting and analyzed together
which lighting setting differentiates as the factor.

A total of three analyses where responses to 9 criteria in the question B2
are grouped into three light setting groups and analyzed separately (visual
1-4-7, visual 2-5-8, visual 3-6-9) which color temperature differentiates as
a factor.

A single analysis where responses to 9 criteria in the painting model
(question B2) are grouped into three color temperature groups and

analyzed together which color temperature differentiates as the factor.

GLM analyses 3, 4, 5 and 6 are also applied in sculpture model.

Pearson Correlation is used to find relation between parameters. The relation

increases as the value of correlation coefficient increases. Negative values mean

there is an inverse relation.

1.

2.

Between 11. criterion, visual quality, and other criteria which are asked in
A3.
Between responses of B1 and B3, B1 and B4, B1 and BS.
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3. Between responses of C1 and C3, C1 and C4, C1 and C5.
Although covariance is similar to correlation, it shows multiple relations of
parameters at once. It was used:
1. Between 11 criteria of question A3.
2. Between9 criteria of question B2. All three evaluation groups are gathered
as one since their groups are unimportant fo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>