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ABSTRACT 

“Let there be light and there was light. God saw that the light was good, and he 

separated the light from the darkness” (Genesis,1:4) 

As the use of digital technology became a substantial component of our daily life 

activities, people grew less dependent on the constraints of the physical world. Recent 

developments of new media platforms have led to the creation of virtual spaces 

introducing important changes in the practice of religion resulting in the phenomenon of 

digital religion. There is suggestive evidence that virtual representations of religious 

buildings facilitate a spiritual experience similar to the experience in real houses of 

worship. Some features related to sacred architecture, light for instance, can influence the 

spatial perception and spiritual experience. Literature shows that light can uplift the 

worshipers’ soul and contribute in enhancing spirituality. Yet, there is no empirical 

research on the effect of light in virtual sacred architecture on spirituality. Thus, the 

objective of this study is to empirically assess the effect of light on the spiritual experience 

as an emotional response in virtual sacred architecture.  

        In pursuing this objective, two conceptual models were developed to illustrate the 

inter-relationship among three major elements: (a) faith/religion, (b) light/virtual sacred 

architecture, and (c) digital media. The three intersect and create the spiritual experience. 

The study utilizes an experimental approach composed of a virtual walkthrough 

within a digital church followed by a questionnaire that tests the emotional responses (e.g., 
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spiritual feeling, positive/negative emotions) of the participants.  Four manipulations of 

the virtual space were carried in two experiments: light intensity, light source, church 

architecture, and religious iconography. A crowdsourcing website, Amazon Mechanical 

Turk (MTurk), was used to conduct these experiments.  

        The results support the research main hypotheses that light and its attributes (e.g., 

intensity and source) have an effect on the spiritual experience in virtual sacred 

architecture. The findings also add information to the design strategies of virtual sacred 

environments.  

        The dissertation’s conclusion shows that this study bridges different disciplines, such 

as architecture, digital humanities, and social sciences in creating a platform for empirical 

exploration of the virtual ‘built’ environment. It also includes suggestions for further 

research such as the implementation of lighting design guidelines for virtual sacred 

architecture that can also apply to real sacred architecture. Furthermore, this research can 

expand to other religious buildings and faiths providing a whole new way of looking at 

sacred architecture with a virtual eye.  
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CHAPTER I  

INTRODUCTION 

“Man becomes aware of the Sacred because it manifests itself, shows itself, as 

something wholly different from the Profane ... In his encounters with the Sacred, man 

experiences a reality that does not belong to our world, yet is encountered in and through 

objects or events that are part of the world” (Eliade 1959) 

The unceasing development of new media platforms have facilitated the 

bourgeoning of a new form of spirituality channeled through a myriad of digital outlets. 

Scholars from diverse disciplines, mainly in social sciences and humanities, developed a 

field of study entitled digital religion, where research and learning are conducted on 

religion in the digital context. Indeed, digital religion is a neologism developed in the last 

decades to study how digital media and spaces are shaping and being shaped by religious 

practices (Campbell 2012).  The scholarship on digital religion focuses predominantly on 

the textual narrative of the digital experience, paying little attention to the importance of 

experiencing the visual sacred space in the digital realm. This research attempts to fill this 

gap by proposing an empirical method to assess the spiritual experience conveyed as 

emotional responses to virtual sacred architecture. Specifically, the study focuses on the 

impact of light as a major element of sacred architecture on the spiritual experience in the 

virtual religious space.  

This dissertation follows the style of The Journal of Architectural Education using The Chicago Manual of Style 
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The Introduction chapter includes the background of the study, the research 

question that constitutes the methodological starting point of this inquiry, the research 

objectives describing what I need to achieve, the research significance and its contribution 

to the scholarly sphere, and at the end an outline of the dissertation chapters. 

Background 

The use of digital technology as a substantial component of our daily life activities 

resulted in people becoming less dependent on the constraints of the physical world 

(Dertouzos and Foreword By-Gates 1998; Biocca and Levy 2013; Gorini and Riva 2014). 

Indeed, technology has affected how people perceive and comprehend the world 

surrounding them (Whyte 2007). This change opened the possibility of building new 

realms driven by unlimited imagination (Anders 1998). The computer became an interface 

that enables the mind and body to connect with the universe and move bits of it around 

(Adams 1993).  For instance, virtual environments can be expressed with different media 

based techniques such as paintings, diagrams, graphics, 3-D animations (computer, film, 

video), music, literature, games, etc. (Ascott 1999; Scaife and Rogers 1996). With the 

emergence of the Internet in the 1990’s, cyberspace became an extension of the physical 

and temporal existence (Kalay & Marx, 2005), a space parallel to the geographical one 

(Tække 2002). A “Consensual hallucination” as the description of cyberspace in the 

Neuromancer (Gibson 2000).  

The development of these new media platforms has led to digital spaces that 

introduced important changes in the practice of religion and resulted in the phenomenon 

of digital religion (Campbell 2012; Rachel Wagner 2012; Stout 2013; Højsgaard and 
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Warburg 2005; Hoover 2013; Hoover and Echchaibi 2012). Cyberspace enabled the 

formation of an online community where people’s beliefs shaped the digital environments 

(Campbell, 2005). A new space called “third space” has emerged that Hoover and 

Echchaibi (2012) defined as a space where religious practice in reality meets with digital 

culture. Some examples of the interaction of media and religion can be manifested as 

cyber-churches, religious radio, religious blogs, prayer online, e-bible or online study, 

virtual pilgrimage, megachurches (oversized and highly mediatized churches), 

televangelism (religious TV broadcasts), etc. (Campbell 2012). As mentioned before, 

these media platforms emphasize primarily the religious text narrative such as, the use of 

virtual version of the Bible (e-Bible), online or TV broadcast sermons, religious pop 

music, religious literature, and faith based video games (Campbell, 2010; 2012; Wagner, 

2012; Stout, 2013). However, it is necessary to include the visual narratives expressed 

through photographs, drawings, paintings, computer illustrations, or animations and 

videos. These visual techniques may be considered important in conveying the experience 

of the digital sacred space in addition to the text. The literature has shown that religious 

spaces and their architecture possess a theological and spiritual character (Carroll 2003).  

Though scholars believe in the importance of the visual representation of the 

digital sacred architecture in digital religion (Gelfgren and Hutchings 2014; Campbell 

1995), there is not enough research conducted on this aspect.  

To assess the experience of virtual sacred spaces from a visual angle, this research 

investigates light, referred to as “holy” light, as one of the most important elements of 

sacred architecture that generates spirituality (Schwarz 1958; Plummer 1987). ‘Holy’ light 
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emanated from the transformation of the Divine into a church’s light (Schwarz 1958; Rose 

1997). Due to the spiritual inducing ability of light, it is chosen in this research to be the 

main variable to study the sacred architecture element that affects emotions.    

The interaction of architecture and light creates the ambiance or atmosphere of the 

space which in triggers the experience. This experience can be translated as an emotional 

response to the space or the atmosphere. Indeed, Scholars like Hutchins (2015) have 

argued that emotions and embodiment are key dimensions of religious experiences. The 

literature reveals a suggestive evidence that virtual representations of religious buildings 

may facilitate a spiritual experience somehow similar to religious buildings in reality 

(Gelfgren and Hutchings 2014). And virtual environments can create evocative 

perceptions despite their immaterial state (Bermudez 1999). Therefore, the traditional 

design of churches present online gives a sense of familiarity and attract the user of digital 

religion platforms. These familiar spaces, like a community church for example, allure 

religious communities that encompass an audience with physical limitations such 

sickness, disability, fear of being in the church environment, difficulties to geographically 

be in the space, etc. (Hutchings 2015).  Therefore, creating these sacred virtual realities 

offers unlimited possibilities for architectural styles, design options, light manipulations 

that may evoke a spiritual ambiance in the space, highlights religious icons, which interact 

to produce the spiritual experience.   

Studying the effect of light on the spiritual experience in virtual sacred 

environments focuses on the inter-relationship between three major elements: (a) 
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faith/religion, (b) sacred architecture, and (c) digital media. The three intersect and create 

the spiritual experience (Figure 1).  

Figure 1 illustrates these intersections and demonstrates the following outcomes. 

The left part of the diagram shows light as created out of the interaction between 

faith/religion and sacred architecture. This relationship is unidirectional since faith 

requirements dictate the light design in the space to showcase its architectural ambiance, 

and religious iconography. The right part of the diagram shows the interaction of 

faith/religion and digital media. This relationship is bidirectional since both elements 

interact with each other to create digital religion. 

Spiritual 

Experience 

Faith/Religion 

Sacred 
Architecture Digital Media 

Digital 
Religion 

Light in the 
Digital 

Light in Real 

Real Sacred 

Virtual Sacred 

Figure 1. Diagram of the Inter-relationship between Architecture, Religion, and Digital Media 
  Source: Created by author 
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The bottom part of the diagram shows the interaction of sacred architecture and 

digital media, which creates the virtual sacred architecture as an element of digital 

religion. This relationship is bidirectional since digital media creates the virtual light that 

shapes virtual sacred architecture. In return, this light affected by the architectural form 

which creates the ambiance. Therefore, from these three interactions emerges the research 

question. 

Research Question 

The diagram in Figure 1 reveals that the spiritual experience is created by the 

intersection between faith, sacred architecture, and digital media, while light in the digital 

context acts as the junction between sacred architecture and digital media. Since this 

inquiry investigates the spiritual experience as an emotional response suggested to be 

enhanced by light in the virtual sacred space, the study raises the main question of “what 

are the effects of light attributes (intensity and source) on the emotional response to virtual 

sacred architecture translated as a spiritual experience?” 

Form this question generate the objectives of this study.  

Research Objectives 

To test the abovementioned research question, two main objectives were 

established. The first objective consisted on the development of an 

instrument/questionnaire in order to empirically assess the effect of different light 

manipulations on the spiritual experience in a virtual sacred space. In pursuing this 

objective, the study applied a methodology used mainly in social science studies and 

adapted it onto architecture. 
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The second objective focused on the analysis of data collected to reveal the effect 

of light and identify lighting design strategies that intensify spiritual emotions in virtual 

sacred architecture.  

Research Significance 

The significance of this research resides in providing theoretical and practical inter 

and multidisciplinary implications for architecture, religion, media and communication, 

digital humanities, and social sciences such as psychology and religious studies. 

Specifically, the contributions to the integration of these fields are as follow:   

a. The addition of the inquiry about visual graphical representations of sacred spaces

to previous studies in digital religion that focuses mainly on text narratives.

b. The introduction of the concept of spiritual experience in virtual sacred

architecture by means of empirical measures. Which adjoins to the science versus

religious debate in the psychology of religion scholarship.

c. The development of two conceptual models: one for virtual sacred architecture,

and one that illustrates the causality between one element of this virtual sacred

architecture, light, and the spiritual experience it creates.

d. The implementation of some theories and methodologies from social sciences

(psychology) and digital humanities (digital religion) onto virtual architecture.

e. The development of a questionnaire to assess the effect of light on the spiritual

experience in virtual sacred architecture. These empirical contributions will

augment the observational studies of light in sacred spaces.
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f. The addition of the spiritual experience assessment to studies of lighting designs

that consists of variations in intensity and source.

g. The addition of quantitative data on spirituality to current research and design of

virtual churches.

h. The results of this research may serve as a vehicle in creating lighting design

guidelines to enhance spiritual experiences in virtual sacred architecture. These

guidelines may also be adapted to design of real houses of worship.

Eventually, this study may serve as a platform for future inquiries in virtual

environments that address sacred spaces. Additionally, it may pave the way for more 

research in architecture involving human-perception of the virtual “built” environments 

that go beyond sacred architecture.  

Organization of the Dissertation 

To address the research question and the study’s objectives, this dissertation is 

divided into four major parts: literature review, conceptual model, methodology, and 

results analysis and discussion. Following these parts are concluding points and 

suggestions for further studies to move forward.  

The first part of the literature review defines sacred architecture and the importance 

of light as one of its main elements and the choice of light in Christianity in particular to 

be the aim for this study. It also introduces studies from different disciplines about light, 

sacred architecture, religion, and digital media. The conclusion in the literature review 

points out the scholarship gap in the studies of virtual sacred architecture.  
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The second part introduced the research’s conceptual model, which was developed 

based on the literature. It includes the general context of the impact of virtual sacred 

architecture on spiritual experiences and introduces the variables used in this study. These 

variables are determined from the literature and chosen for the purpose of this study to 

construct the experiment.  Finally, hypotheses are drawn from this model.  

The third part is the methodology section. It explains the use of an experimental 

method in this study and lays down the experimental research design along with the pre-

tests used as precursors for the final experiments. It describes in detail the experiments 

undertaken and the process of each step. This part also explains the strengths and 

weaknesses of this specific method that is implemented from social studies onto 

architecture 

The fourth part of the results is divided into data analysis and discussion. The 

results are reported and analyzed using statistical methods of ANOVA, regression, 

frequency, and descriptive statistics. The analysis is preformed using statistical analysis 

software mainly SPSS and R programs. This chapter represents the largest part of the 

dissertation and encompasses explanations via tables and graphs to show the effect of the 

causality in this study.  

Finally, the concluding points chapter provides a summary of the study and its 

findings. The results analysis shows that all the main established hypotheses are supported, 

and light indeed has an effect on the spiritual experience in virtual sacred architecture. 

These results offer suggestions for future work. For example, this study can be applied 

onto other religions, as well as testing other important elements of sacred architecture 
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(e.g., sound, material colors, textures, etc.). It may also venture to conduct more 

interdisciplinary research to deepen the understanding of the design of virtual sacred 

spaces and their influence on human experiences.  
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CHAPTER II  

LITERATURE REVIEW 

A literature review is introduced from a myriad of areas presenting an 

amalgamation of literature pertinent to the study of light in real and virtual sacred 

architecture, the digital religion phenomenon, and the study of spiritual experience as 

emotional responses.   

The layout of this chapter is divided into four major sections: (1) Light and sacred 

architecture relating to the role and representation of light in architecture; (2) Establishing 

a framework for virtual sacred architecture by introducing the phenomenon of digital 

religion and the virtual expression of the sacred along with observations of the 

representation of light in virtual sacred architecture; (3) Examining the meaning of 

spiritual experience related to architecture and delving into the existing empirical 

assessments of spirituality through emotions; ; and (4) Summarizing and delineating the 

gaps found in the literature that serve as the foundation for the justification for this 

research. Additionally, the review of the inter and multidisciplinary literature paves the 

way to establish new information that involves the interaction of architecture, religion, 

digital media, and emotions.  This literature permits the choice of the method to be used 

for the empirical investigation.  
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Light and Sacred Architecture 

Before addressing light as an important element of sacred architecture, one needs 

to start with an ontological approach to the definition of what is sacred architecture.   

According to the rites defined by liturgical writings, a sacred place is a place consecrated 

for the divine worship (Woywod 1918). At first, sacred architecture was portrayed as 

simple gathering spaces that granted places for sacrifices and offerings to the Gods 

(Bowler, 1856). These gatherings spaces evolved into real buildings that may be 

considered as an earthly representation of specific religious beliefs (e.g., Judaism, 

Christianity, Islam, Buddhism, etc.). Humans try to reflect a divine presence through the 

use of architectural features and dimensions to create the space (Jones 2000). When one 

first hears "sacred architecture", an imaginary image starts forming of visited specific 

religious places (Bergman, 1970).  

Famous examples of sacred architecture range from Gothic cathedrals like Notre 

Dame in Paris, or monolithic structures like Stonehenge and the Pyramidal forms in 

Mayan and Egyptian civilizations, to a simple cube depiction of the divine presence like 

Mecca. These sites, whether seen on images and videos or in real life, clearly exude a 

sense of sacredness heavily related to religious beliefs.  

Jones claims that in order to understand sacred architecture, one needs to 

understand the religion (i.e. the faith) (Jones 2000). In fact, sacred architecture is a 

representation of the religious experience of humankind whether as an individual or a 

community (Jones 2000). Sacred architecture possesses a "quality of allurement" as Jones 

stated. People are drawn to this architecture to revive their identity. What makes a place 



 13 

sacred is generally challenging to define because it involves the combination of complex 

factors such as the location, the function or purpose, the aesthetics, the faith or beliefs that 

all come together to create the sacredness. For instance, Christianity believes that 

wherever people meet together they are in the presence of God and that place becomes 

“holy” or sacred as the bible says, “where two or three are gathered in my name, there I 

am among them” (Matthew 18:20). Although the New Testament considers people to form 

the “holy” not just the stone and mortar building “God’s temple is sacred, and you together 

are that temple” (Corinthians 3:17).  

A space can be defined as constantly encompassing our being (Ching 2014). 

Spaces are made of material substances like concrete, wood, stone or other modes of 

inherently formless vapor but they also possess abounding aspects of visual form, 

dimensions, scale, and quality of light (Ching 2014). All of these aspects act on our 

perception of these spatial boundaries defined by elements of form (Ching 2014). “As 

space begins to be captured, enclosed, molded, and organized by the elements of mass, 

architecture comes into being." (Ching, 2014, p.100). However, the mythical and poetic 

quality of a space is mainly created by the variation of shadow and light (Birch and Sinclair 

2013). 

Therefore, the inquiry revolves around a crucial question: what is the significance 

of light in sacred architecture?  

The importance of light in architecture has been extensively discussed in a plethora 

of architecture literature by scholars and architects (Suger, Panofsky, and Panofsky-

Soergel 1946; Millet and Barrett 1996; Major, Speirs, and Tischhauser 2005; Geva 2012; 
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DeKay and Brown 2013; Deviren and Tabb 2014; Lechner 2014; Baker, Steemers, and 

Steemers 2014; Plummer 1987, 2009; Lam 1977). For example, Le Corbusier affirmed 

that light highlights architecture since “architecture is the masterly, correct, and 

magnificent play of masses brought together in light. Our eyes are made to see forms in 

light; light and shade reveal the forms” (Corbusier 1931). Similarly,  Frank Lloyd Wright 

and Louis Kahn believed that light beautifies architecture (Geva, 2012; Lechner, 2014). 

Light indeed is a symbol of the sacred, cosmological and religious beliefs illustrating the 

connection of humans with a higher order of things, with the essential, and the perception 

of the immutable divine presence (Schwarz 1958; Plummer 1987; Geva 2012). Light 

streaming into a sacred building creates a dramatic effect that enhances the axis mundi - 

the axis of the world- where heaven and earth melt into one and thus brings humans closer 

to God (Schwarz 1958).  

The concept of “Holy” light, which is associated with divine light or natural light, 

not only beautifies the sacred space, but also expresses a sense of purity, eternity, and a 

feeling of hope (Rose, 1997; Suger et al, 1946).  

Light is already mentioned in the beginning of the story of the creation when God 

said “Let there be light, and there was light. God saw that the light was good, and he 

separated light from the darkness” (Genesis 1:3). Thus, this verse shows the importance 

of light since the beginning of life, and how light and darkness are interconnected. 

However, the statement emphasizes the light being good hence positive. Light has the 

ability to stimulate the visual system and produce perceptions as vision is considered the 

most complex of senses enabling us to apprehend the world around us (DiLaura et al. 
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2011). At the sight of an object, an interaction between the eye and the brain develops and 

serves as the basis for creating  a perception that allows us to build our individual worlds 

affected by the luminous environments (DiLaura et al. 2011). So light makes it possible 

to visualize the built environment when it interacts with the architectural geometry to 

establish our perception of that environment (DiLaura et al. 2011). Moreover, architecture 

and light possess a strong bond since vision is the main sense through which architecture 

is experienced, and light is the medium that allows that experience (Baker, Steemers, and 

Steemers 2014).  

 My choice to focus this research on light stems from its importance both in the 

physical aspect of vision and in its symbolic qualities to create the ambiance and allude to 

the divine presence. Abbott Suger, one of the patrons of French Gothic  cathedrals 

including  the Basilica of Saint Denis in a suburban Parisian area,  considered light as a 

prominent feature in his church design and highlighted the light coming from large stained 

glass windows as 'divine light’ (Suger et al, 1946). Indeed, this analogous rationale 

suggests that spiritually experiencing God may be channeled through natural light 

penetrating the space. Light undoubtedly possesses dramatic qualities (Suger, Panofsky, 

and Panofsky-Soergel 1946). Suger describes it, “the whole church would shine with 

wonderful and uninterrupted light of most luminous windows, pervading the interior 

beauty” (Gage 1999). Subsequently, the interaction of light with the material, like the 

example of glass in Suger's cathedral, creates the spiritual ambiance in the space which 

embodies the core point of this investigation. As such, light in Christianity is perceived to 

epitomize the presence of the Divine (Weightman 1996).  
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Furthermore, light may be seen as an expression of a folk love story, nesting 

between the divine and the light that exudes from it (Davy 1976). Universal rituals and 

beliefs enhance the attributes of light that are translated as integral part of the house of 

worship architectural plan, geometry, surface, form and space (Mansour and Geva 2017). 

For example, light in synagogues is not just a functional element to perform the reading 

task of the sacred scriptures but also spiritual in glorifying the Lord and respecting the 

place (Mansour and Geva 2017). “Wherefore glorify ye the LORD in the fires” (Isaiah, 

24:15). Therefore, synagogues include the eternal light lamp hanging in front of the Ark 

(Mansour and Geva 2017).   

Light is also important in Islamic architecture. In fact, the minaret, which is a tower 

in mosques, includes small openings from which light penetrates the building. This light 

can be interpreted as a symbolic emanation of divine light or a spiritual illumination 

(Hillenbrand 1994). Indeed, etymologically the origin of the word minaret is manara 

deriving from the word nur to designate light in Arabic. So the minaret serves the function 

as a place to call for prayers as well as a place of light (Hillenbrand 1994). Like the Bible, 

the Quran also acknowledged the importance of light.  It was stated in the verse of the 

Sura of Light (Quran, 24:35) “God is the light of the heavens and the earth, the likeness 

of his light is a niche wherein is a lamp, the lamp in a glass, the glass as it were a glittering 

star.”  Thus hanging lamps in Islamic architecture symbolizes  this spiritual illumination 

(Hillenbrand 1994).   

In summary, the literature establishes light as an eminent element in sacred 

architecture. Different religions use light as a medium to exhibit the divine and the 
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spiritual. Light symbolizes fire, one of the universal elements that construct the cosmos 

and as such contributes to the spiritual experience in transcending fire into the house of 

worship. Indeed, fire is one of the four elements (along with earth, water, and air) that 

creates the cosmos and represent the sacred associated with earth, heaven, and hell (Geva 

2012; Eliade 1959).  Thus, fire is used as a source of light across religions to celebrate 

rituals and act as a religious symbol (e.g. candles). Fire being manmade does not represent 

the divine light which is usually assimilated with the natural light that is created by God. 

Indeed, in architecture the best way to light a building in ‘God’s’ way is by using natural 

light since the sun represents the great luminary of life (Wright 1954) (Figure 2).  

Therefore, the enrichment of the spiritual experience should come from the natural 

light rather than the artificial. Thus, this study uses natural godly or holy light that comes 

from the sun and the sky rather than an artificial light like lamps or candles.   

Figure 2. “Divine light "entering the St. Peter's Basilica in Rome 
 Source: (Geert Orye 2004) 
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Light is considered a fundamental element in Christianity and Christian 

architecture (Gojnik and Gojnik 2018).  The Catholic Canon Laws define a church as a 

sacred building consecrated for exercising divine worship (wywod 1918). Indeed, in these 

churches light represents the illumination of the mind with God’s knowledge (McNamara 

2011). When light exists, the spiritual path commences with the move from darkness to 

light (Geva and Mukherji 2007). Light is expressed in Christian churches in various 

intensities and accentuation, coming from different sources such as oculus or clerestory 

windows.  

Light is also reflected through Christian art. For example, in Byzantine churches, 

the gold ornamentation and the mosaics on walls and ceilings reflect the light, which 

reveals the sacred (Stemp 2016). In the Catholic Gothic cathedrals, such as Saint Denis, 

the builders were instructed to carefully arrange the positions of the columns to avoid 

obstructing the windows from which light could flood the interior space (Anderson 1985). 

The presence of clerestory, deriving from the French word clair which means light, 

enables streams of light to illuminate the space and add a dramatic effect to the darkness 

of the nave (Whone and Baker 1990).  

Since the beginning, light played a major role in Christian art and architecture. 

Light streaming through stained glass windows serve to enlighten the congregation with 

stories from the bible through their depiction in the glass. Later, Protestants used plain 

glass thinking, in contrast with the Catholic churches, the pure light would awaken the 

mind to God’s truth (Stemp 2016). There are focal points in a church that can be lit in 

different manner. For instance, one focal element is the altar, and a second element can be 
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the cross or the crucifix (White 2003). Light can also have an indirect effect on the 

church’s architectural details like the arches, vaults, and columns along the nave that are 

accentuated. As such light   increases the overall ambiance and brightness of the space 

(DiLaura et al. 2011). One of the main criteria in designing a church is the incorporation 

of natural light. In fact, the design of the holy light in a church is one of the rules 

determined out of the Canon Law that dictate a church design (Dubbelde 2010). These 

rules instruct the Church to include enough light for the worshippers to read in any part of 

it. A well-lit altar by the use of windows on the side walls, or above it is recommended. If 

windows are to be placed on the east walls behind the alter, they should be made of stained 

glass or to be positioned high enough to not cause a discomfort due to direct sunlight/glare 

(Dubbelde 2010).  

As a result, light is a crucial element in Christian sacred architecture, not only to 

serve the function of illuminating the space but also to produce the spiritual emotion. This 

importance should also translate from the real sacred buildings to the virtual ones. Since 

Christian faith is one of the largest in the world and the ones that uses digital tools the 

most, this study chooses Christianity as the faith to use to address the effect of light on the 

spiritual experience. Moreover, this choice is recommended  since the experiment takes 

place in the United States where more than 70% of the population are identified as 

Christians (Pew Research Center, Washington, and Inquiries).  

To respond to the research question of this inquiry, we ought to first determine and 

define the attributes of light. The next section is centralized on defining each of these 

attributes, their importance, and their use in this project.  
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Attributes of Light in Sacred Architecture 

Although perceptions of light are hard to quantify or to predict, scholars 

demonstrated the factors that affect perception as related to lighting design (DiLaura et al. 

2011). Psychophysics for instance is a discipline of psychology that studies the 

relationship between a stimuli and the human response to analyze their perception 

(Schiffman 1990). This response can be achieved by reporting a perception which in this 

study is represented by the spiritual experience. Specifically, this study uses a 

psychophysical approach to test the spiritual experience as an emotional perception that 

relates to the interaction of light and architecture under different variations of the same 

stimulus. The emotions studied under the spiritual experience are awe, hope, joy, fear, etc. 

There is no factual way that light can be completely isolated as a variable because 

it will always have to interact with the space and material in order to create the ambiance. 

However, by keeping the material and space constant, the participants can mostly notice 

the change of light intensity and source.  

Therefore, this study chooses specific light attributes to quantify how light is 

expressed in a virtual environment. These attributes are mainly light intensity and source. 

In addition, the Illuminating Engineering Society (IES) determined guidelines for light 

design in religious buildings.  

IES Guidelines 

The importance of light in houses of worship was recognized by the Illumination 

Engineering Society’s (IES) that developed qualitative and quantitative standards to 

evaluate light in such buildings. These standards expect light  to reveal the sacred space, 
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highlight the building’s architectural and artistic values, and to enhance the congregational 

rituals and celebrations (Geva, 2011).  

These functions and their IES standards were interpreted and classified by 

Clarahan (2004) into four major criteria for lighting design in houses of worship: (a) Task 

Lighting to accommodate congregational functions (e.g., seeing their way, reading); (b) 

Architectural Lighting, or Ambient Light (spiritual and functional) to reveal interior 

architectural features (e.g., columns, arches, trusses); (c) Accent Lighting (spiritual) to 

target vertical surfaces and enhance religious icons and symbols; and (d) Celebration 

Lighting, created either by candles or by the reflections on various surfaces to celebrate 

the faith.  

These four layers of lighting design attempt to combine the spiritual meaning of 

light and the task/functional light required by the faith (Clarahan 2004; Geva 2012). The 

selected categories in this study are architectural and accent lighting. These two 

characteristics pertain to the inquiry about visual representation of the virtual sacred space 

(i.e. architecture elements and its ambiance, and religious symbols 

Architectural or ambient light is established by the IES illuminance measures, (i.e. 

light intensity), for different activities in houses of worship. The values in the IES Lighting 

Handbook for lighting designers are a consensus deemed adequate for the different 

activities performed in the religious building. For example, these activities can be 

collective or individual mediation, a participatory action like communions, pre and post 

worship activity, or a sermon (DiLaura et al. 2011). Thus, the lighting design relates to the 

architectural style of the building and the dynamic aspect of the liturgy.  
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Depending on the church typology and style, the intensity of light required by the 

IES changes. For instance, in the case of collective and personal mediation, the values are 

40 lux and 20 lux respectively in the traditional ambiance and formal worship style, 

compared to 100 lux and 20 lux in a contemporary ambiance (DiLaura et al. 2011). 

Depending on the activities, the IES posits that the highest light intensities are required in 

contemporary worship, and the lowest for a formal or traditional style worship. On the 

other hand, this intensity is moderate for transitional ambiance or informal style of worship 

(DiLaura et al. 2011). Similarly, to the ambient light, accent light also affects the 

brightness or the intensity of the light that can provide a visual relief. It is mainly used to 

attract the vision towards the path (DiLaura et al. 2011).   

 Light in houses of worship commonly refers to the nave, the praying hall, or any 

other place within the premise of the building depending on faith requirement. For this 

study, the type of experience I seek for the participants’ manifests a journey through – a 

walkthrough of the virtual church starting from the entrance (narthex), along the nave until 

reaching the apse at the other end of the entrance. The experiment can be assimilated to 

an individual or personal mediation as mentioned in the IES appellation. The objective is 

to determine the perception of the virtual sacred space and the worshiper’s spiritual 

experience by addressing two criteria of lighting design for houses of worship: ambient 

light and architectural light.  
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Light Intensity 

One of the most important attributes of light is its intensity. In scientific terms it is 

called luminance, which means the quantity of light emitted from a surface in a particular 

direction (DiLaura et al. 2011). This luminance is considered by lighting designers and 

engineers to be the direct stimulus to vision and perception. Indeed brightness is 

considered the most fundamental visual perception (DiLaura et al. 2011). Brightness is a 

function of the different reflectance of the surrounding objects under a uniform 

illumination and can range between very bright to dim or dark (DiLaura et al. 2011). 

According to the Illuminating Engineering Society (IES) lighting handbook, studies 

conducted on spatial perceptions in built environments consider brightness and dimness 

to be the major factors in evaluating lighting conditions (DiLaura et al. 2011).  

In digital game engines, like Unity 3D used in this study to create the virtual 

environment, the intensity attribute or parameter of light was manipulated to create the 

ambient light of direct and indirect intensity. The direct intensity represents the scale of 

brightness of the scene and has a value from 0 to 10 where the default is 0. The higher the 

value is, the brighter and the greater the contrast becomes. The indirect intensity also 

controls the brightness in real time and baked lightmaps. It has a scale from 0 to 5 with a 

default being 1. When values are higher than 1 the intensity increases, and vice versa, 

lower than a value of 1 creates more dim environment (Unity Graphics).  

In Unity 3d, the ambient light means the light presence around the scene and is not 

emitted from a specific source like a spot light, a point light, or a directional light. This 

type of light is used for its importance in creating the overall brightness and atmosphere 
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of the scene. In addition, it is used when we want to increase the brightness of the scene 

without manipulating individual light sources, rather manipulate the sun or daylight.  

Light Source 

Another important attribute of light to consider is the source of light. The word 

source in this study is defined as the location of the opening from which the natural light 

penetrates the space. Daylight is the primary source of light especially when talking about 

sacred architecture. Daylight is a complex source as it is dynamic, constantly varying in 

quantity and direction throughout the day, the season, and even the weather conditions 

(e.g. clear or overcast sky) (DiLaura et al. 2011).  

Windows are openings in the wall of a building that let light and air to penetrate, 

therefore a mean of access (Merriam Webster Dictionary). In churches, windows go 

beyond the function of access and become an image of the penetration of grace 

(McNamara 2011).  

Windows come in different shapes, sizes, locations in the space, and colors, with 

or without glass, and the glass can be clear, colored, translucent, etc. For example, 

pointed/arched windows are symbols of Gothic architecture where pointed arches allowed 

the creation of bigger windows (Figures 5 and 8). Clerestories are another example of 

windows used in early Roman basilicas placed in the upper level of the walls of the church 

(McNamara 2011) (Figure 7). They are usually small in sizes compared to the other 

windows, due to the limitation of building technology in the early Christian architecture 

since they are located at the top of load bearing walls (McNamara 2011) (Figure 6). Oculus 

means the ‘eye’ in Latin,  and is an example of a round window used in Roman architecture 
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to depict a skylight or a round opening in the ceiling (McNamara 2011) (Figure 4). 

Windows can also be simple with a rectangular shape and clear glass (Figure 6).  

Figure 3. The Oculus in the Pantheon, Rome 
Source: by author  
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Figure 4. Arched Window with Stained Glass. Renaissance Church in Rome 
Source: by author 

Figure 5. Simple Rectangular Shaped Windows in a Church in Italy 
Source: by author 



Figure 6. Clerestories in a Renaissance Style Church in Italy 
Source: by author  

Figure 7. Arched Elongated Windows with Stained Glass in the Apse of a Catholic Cathedral in Italy 
Source: by author 
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Light and Virtual Sacred Architecture 

Digital or new media is as the 'new territory', 'the 'emergent field', and ‘new 

frontiers’ among several other metaphors (Stout 2013). This new realm permitted the 

move from the real to the virtual in different aspects, one of them is religion. Therefore, 

this section explores the representation of sacred architecture and light in the digital 

context along with some examples.  

Digital Religion 

New technologies have affected and transformed our societies including our 

religious practices resulting in the emergence of a new phenomenon called digital religion 

(Brasher 2001; H. Campbell 2012, 2010; Dawson and Cowan 2013, 2013; Højsgaard and 

Warburg 2005; S. Hoover and Echchaibi 2012; S. M. Hoover and Emerich 2010).  

Digital religion is a new concept made possible in the last decades in order to study 

how digital media is shaping religious practices (Campbell 2012). Indeed, since the 

introduction to the internet to the public in the 1990’s, early cyber churches have emerged 

as the embodiment of a digital religious expression for online religious groups (Campbell 

2010). It started with websites trying to mimic real churches using a textual narrative; then 

developed further with the emergence of new technologies to involve more advanced 

techniques like audio recordings and religious podcasts (Campbell, 2012).  

Going to church today, whether to pray or learn, is not bound by physical 

constraints as it moved to digital spaces like forums, chatrooms, virtual worlds, games, 

and social media (e.g. Facebook, Twitter) (Hutchings 2015; Campbell 2012).  
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Digital religion ranges from online prayers, online pilgrimages, to ‘god-casting’, 

and ‘god-blogging’ (Young 2004; Hill-Smith 2009; Campbell 2010; Hill-Smith 2011). In 

her ‘Theology of Cyberspace’, Cobb (1999) demonstrated how the internet fosters the 

perception of the Divine; and Wertheim (1999, 2000) argues that the move to cyberspace 

enabled the valorization of inner spiritual perception more than the physical one. Due to 

development in virtual environments, users of platforms like games and virtual worlds can 

now become more immerse in digital worship experiences. For examples, Second Life and 

World of Warcraft (WoW), where the worshipers communicate interactively via avatars. 

These games are massively multiplayer online game (MMOG) where players can 

customize their characters with specific looks and qualities and can have social interaction 

by joining guilds such as churches.  

Second Life is an interactive virtual world that offers the players or the inhabitants 

of that world a sense of geography and terrain (Bell 2008). Virtual worlds can become an 

extension of the real world where the only difference is the use of avatars and networked 

computers instead of real humans, which gives these virtual realities a distinct 

characteristic (Bell 2008). These virtual realities offer unlimited possibilities for 

architectural styles and religious features. Gelfgren & Hutchings (2014) voice that virtual 

representations of religious buildings might facilitate a spiritual experience somehow 

similar to religious buildings in reality, despite researchers such as Merleau-Ponty (1964) 

who stated that perception of space should not be limited to the visual, tactile, and audible, 

but should include all the senses at once. Digital techniques used in digital religion can 

vary from time-lapse interior photographs, to panoramic images of the interior of a sacred 
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building, or religious movies and live broadcasting of services (i.e., Catholic masses), to 

even more advanced interactive religious games. 

However, from the survey of literature studying the phenomenon of digital 

religion, the focus is mostly on the textual and written narrative part of religion. This focus 

omits the importance of the visual representation of the religious space, and the spiritual 

experience it creates. Therefore, a conceptual model was developed in this study that 

represents sacred architecture in the virtual context (Conceptual Model Chapter).  

Light in Virtual Sacred Architecture 

Since digital media has an overwhelmingly presence in our lives, this also includes 

the interaction of this digital media with religion and sacred architecture. As stated above, 

digital religion a medium that creates new virtual realities allowing people to practice 

religious rituals. The new virtual sacred spaces are translated through virtual models of 

buildings in, games, mobile applications, and websites. The new virtual environment that 

surfaced from the development of computers and the Internet is the cyberspace, a “place” 

denoting the space created by the Internet (Gibson, 2000; Kalay, 2004). Cyberspace 

became an extension of the physical reality beyond a simple communication medium 

(Kalay et al, 2007). The new digital virtuality permits the notion of 3-dimensionality, 

interactivity, immersion, and multimedia phenomenon (Bermudez 1999). The 

concentration is on space and context as being environments rather than objects 

(Bermudez 1999). Several researches in the study of games for instance, paid attention to 

the use of virtual reality and game engines in architectural visualization (Yan et al, 2011). 
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These virtual realities offer unlimited possibilities for architectural styles and 

religious features. These possibilities are expressed as different types of religious virtual 

buildings and sacred spaces. Since this study’s interest is mainly on light in Christian 

buildings, the specific type of virtual sacred architecture are churches. In addition, to the 

churches types that exist in the virtual space, observations of the expression of light in 

these spaces are produced.  

Church Typologies in Sacred Virtual Architecture 

Although material and space play a primordial role in the level of sacredness of 

the architecture, in this study these elements are fixed variables that are not to be 

manipulated along with the light (explained more in the light attributes section). The 

choice of material, texture, colors to use for this study is based on a survey of existing 

online religious spaces. The Church of Fools for example is described as “a virtual space, 

designed using the kind of computer animation more commonly seen in games, but it looks 

and sounds like a traditional church. Wooden pews filled a stone hall, lined with pillars 

and lit by stained glass windows, with an altar at one end” (Hutchings 2015).Therefore, 

the familiarity with the space was reassuring to the users who virtually visited it, thus a 

traditional design of the virtual sacred space as a familiar church is one of the strategies 

chosen in this study to help share the experience of Christians (Hutchings 2015). The 

churches’ designs found in cyberspace are indeed replicating the designs of Christian 

churches in reality. Virtual environments like Second Life, Sim City, or other religious 

digital applications available to use on phones or tablets utilize these traditional and 

familiar typologies of churches.   
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Following these examples, two digital church typologies were chosen to represent 

two Christian churches in this study. The digital models of these two churches do not 

explicitly belong to a particular Christian denomination, yet they are still portrayed as 

symbols of Christian architecture (e.g. a processional plan, a tall space, and Christian 

iconography). To understand church typology, one ought to look at the clues the building 

provides. For example, a cross shaped plan is a symbol of a Christian configuration (White 

2003).    

Churches designs are often expected to reveal the interaction of heaven and earth 

based on biblical revelation. This interaction can be seen through the ornamentation, such 

as the use of patterns resembling flowers and leaves reminiscent of the image of the 

Garden of Eden (McNamara 2011); or the depiction of saints and angels interacting with 

human figures on frescoes and stained glass, and telling the stories of the Bible Depending 

on purpose of the church (e.g., Cathedral, community or perish church), its size, shape, 

architectural style, and location, vary (McNamara 2011). The building form also changes 

along with the theological needs. For example, basilicas, cathedrals, evangelical churches 

and megachurches that used to be other buildings (e.g. stadium, nigh club, store, etc.) and 

repurposed for liturgical functions. 

Since the study’s focus is on Christian buildings, which reveal that church 

architecture usually contains traditional spaces like a nave, sanctuary, transept, side aisles, 

narthex, and apse, to name a few commonly used spaces.   

In a research about the virtual reconstruction of church architecture in Second Life, 

Gelfgren and Hutchings (2014) found that out of the 114 surveyed buildings, 81 were 
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reminiscent of churches found in real life, and only 15 buildings were not characterized as 

a stereotype of a Christian church. Therefore, the two building types in this study should 

adhere to the commonly found churches in online platforms.  

One of the important and familiar characteristics of a church is a procession that 

represents the act of moving from one defined space to another like from the narthex to 

the nave, or from the pews to the altar, or through an aisle(White 2003). Although 

procession is seen mainly as Catholics form, it also exists in Christian Protestant churches 

(White 2003). Therefore, this study employs a virtual procession as the mean to showcase 

the space. This procession is recorded with a camera in a virtual church creating a walk 

through from the entrance door to the apse along the central nave. This procession visually 

divides the space into two symmetrical sides where pews are placed. As such, the person 

using the virtual church has an equal view of the virtual space.  

Examples of Light in Virtual Sacred Architecture 

Before introducing the selected virtual churches models used in this research, I 

include in this section examples of sacred architecture in the virtual context. The examples 

of churches are found online and provide observations of how light is represented in such 

spaces.  

Churches’ websites usually include a series of images where the light source varies 

depending on the context shown (e.g. sanctuary, chapel, praying hall, etc.). Phone or tablet 

applications show a virtual reconstruction of a church. For example, The Sanctuary 

application available only on tablets depicts light as part of expressing a real-time three-

dimensional interactive experience inside a virtual church (“The Sanctuary App on the 
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App Store”). The light source comes from the walls around the space through a 

combination of stained and clear glass windows. The user is able to “walk” around the 

space of the sanctuary using the touch screen feature to control the procession movement. 

Another example is the virtual tour of Saint Jean Cathedral in Lyon, France (“Saint 

Jean Cathedral in WebGL”) where the use of light can be seen in digital applications of 

religious spaces. The developer offers an option to control different light attributes (e.g. 

intensity, shadows, specular properties), as well as the direction of the sun. However, the 

source used for natural light penetration cannot be manipulated and stays fixed. In the case 

of live broadcasts, there are several examples where artificial light is used to enhance the 

digital quality of the video broadcasting (e.g., Lakewood Church in Houston, Life TV 

Church in Colorado, Hillsong Church around the world). In games or virtual worlds like 

Second Life, there is more variety of designs since people using this game are the designers 

of their world.  For example, a description by a user of Second Life, coming from a 

Christian (Catholic) background, when she was in a quest for a spiritual experience in the 

virtual world states “we went in search of beautiful churches. I especially love stain glass 

windows and I am enchanted by religious art. We found Walsingham Church with its 

simple interiors, St Paul and its large stained-glass windows, the sweet gilt display of the 

blessed child at St George and the wondrous Basilica Cardinale. Basilica was stunning 

with stain glass, ornate alter and prayer pews for the patrons. I loved it here and we stayed 

[in the virtual world] for about an hour.” (Rafeejewell 2009) (Figures 8, 9, and 10).  

These examples and the literature on the representation of light in virtual sacred 

spaces do not provide an evaluation of the effect of light on the extent of the spiritual 



 35 

experience in such spaces. Therefore, this study provides a quantitative measure of the 

effect of light and church typology on the spiritual experience in the virtual sacred.  

Figure 8. Basilica Cardinale 
Source: (Rafeejewell 2009) 

Figure 9. Walsingham Church in Second Life 
Source: (Rafeejewell 2009b) 
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Figure 10. Example of a Virtual Church 
 Source: (Jamiecat 2010) 

Spiritual Experience 

Definitions  

The etymology of the word spirituality originates from the Latin “Spiritus” which 

is pertaining to the spirit, meaning the non-material (Pazarci 2015).  From the literature, 

spirituality and religiousness are considered valuable variables mainly in health-related 

research. However, in these studies it is not clear what is being measured since their 

examination involves different aspects from meaning of life to church attendance 

(Zinnbauer, Pargament, and Scott 1999). The definition of religion has not changed and is 

agreed upon as distinctive and universal (Pargament 1999). It is defined as the service and 

worship of God, or the commitment and devotion to a religious faith, or a or a system of 

beliefs that obeys to specific orders or faith (Merriam Webster). As such, it is easier to 

measure it, while spirituality is more difficult to define and measure. It is indeed 
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considered as an elusive word with a variety of definitions (Palmer 2003).  Spirituality 

can be seen as the continuous human yearning for something larger than the ego (Palmer 

2003); or the experience of the transcendent, needless of the religious belief (Bento 2000); 

or the inner experience at the encounter of the beyond (Lewis and Geroy 2000). The 

common ground between religion and spirituality is posited as a search for the sacred 

(Zinnbauer, Pargament, and Scott 1999).  

Spirituality is a more fashionable word especially in the late twentieth century 

where a spiritual search described what is missing rather than what one hopes to be found 

(Sharpley and Jepson 2011). A spiritual revolution has occurred where spirituality and 

religion became different and spirituality gained more significance in a more secular 

society (Heelas et al. 2005).    

Religion is defined as a belief in a god or a group of gods by using an organized 

system of beliefs, ceremonies and rules for the worship (Merriam-Webster Dictionary). 

Spirituality is defined as relating to a religion or religious belief, or to supernatural beings 

or phenomena (Merriam-Webster Dictionary). However, spirituality is more difficult to 

define, especially nowadays while religion is being more associated with specific 

institutions, international conflicts and wars lead people to become more spiritual rather 

than religious (Emmons 2005). In fact, spirituality can be created within the person, free 

from any religious dogma of rules and regulations (Koenig 2000). In addition, spirituality 

is not confined to a specific group; it can enclose both religious and secular people (Koenig 

2008).  
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Nonetheless, we try to create a connection between the built realm (physical or 

virtual), the senses, and the experience through architecture. In fact, in the Hermeneutics 

of sacred architecture, Jones expresses the existence of an inter-relationship between the 

built form, ritual processes and spiritual experiences in sacred architecture (Jones 2000).  

Human experience is determined by the senses and their reaction to external 

objects (Watts 1957). Architecture uses materials, textures, forms, and light to engage 

these senses. For instance Peter Zumthor's work tries to instill the sense into materials 

going beyond their tangibility, smell, and acoustic qualities (Zumthor et al. 2006). Light 

and material along with acoustics, are some aspects of building technology that enhance 

the sacredness of sacred architecture (Geva 2012). The combination of all these elements 

creates the spiritual experience. The assumption in this study is that light manipulation 

being an important element will push the spiritual experience towards a direction, whether 

positive or negative.  

Measurements of the Spiritual Experience 

The basis of spirituality relies on the connection between religion and feelings as 

religion has been a source of profound emotion (“The Psychology of Religion” 2003; 

Emmons 2005). From a neuro-theological approach, the “emotional value operator” 

function of the mind mediates the experience of the sacred (d’Aquili and Newberg 1999). 

Spiritual positive and negative emotions can be generated when people enter sacred 

buildings (Emmons 2005). Joy and content are associated with positive emotions, whereas 

fear, and anxiety with the negative. In addition to awe that is considered a sacred positive 

or negative emotion, other emotions like hope also range as sacred.  
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Wonder is defined as a profound and deeply moving experience of positive 

emotions where the feelings of wonder, joy, gratitude, awe, yearning, intensity, love, and 

compassion happen and range as sacred (Braud 2001). The German poet, Johann 

Wolfgang Von Goethe, whose work expands to theology, describes architecture as the 

frozen music for its ability to convey emotions similar to the ones through music for 

example (Eberhard 2009).  

In sacred architecture, the worship experience is considered an emotional one 

(White 2003). The intensity of this emotion can be a factor of a reaction to the sacred space 

as well. “Worship Atmosphere” is a phrase used when talking about church architecture 

that elicits a feeling or an emotion (White 2003). This ambiance relies on the use of senses, 

especially the visual one through light penetrating on architectural details, stained glass, 

religious symbols and iconography. Thus, light triggers an emotional response from the 

moment we enter the building. Therefore, this study examines the emotions and their 

intensity as affected by the light in the virtual sacred space, and as expressing spirituality. 

Moreover, testing quantitatively (empirically) these emotions expresses the integration of 

various fields of inquiry from architecture, digital humanities, and social science.  

Spiritual Feeling 

Feeling plays an important role in defining an emotion (Damasio 1999). Theories 

in psychology have established a sequence of events related to when a feeling happens. 

The most common of them is the perception of something that engenders the feeling of an 

emotion, then an action can happen internally, externally or as both (Plutchik 1991).  

Therefore, spirituality can be expressed directly as a feeling or an emotion. 
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Emotions 

Emotions are always involved in any human action. Philosophers from Aristotle, 

to Kant and Dewey have contemplated and attempted to theorize how emotions originate 

and effect human kind (Plutchik 1991). In theology scholarship, emotions are recognized 

to be connected to the religious experience (Plutchik 1991).    

This study measures the extent of the spiritual experience as expressed in specific 

emotions: awe; hope; positive and negative.  Using questions derived and adapted from 

assessment scales previously developed in psychology and more precisely psychology of 

religion test emotions and well-being. This project adds an empirical research emphasizing 

the importance of emotions in human experience that eventually have an impact on social 

behavior (Geva, 2006). The emotions associated with spiritual experiences that are 

determined from the literature and as described before are awe, hope, joy, peace, comfort, 

fear, sadness, and anxiety.  

Awe, is the emotion that appears prominently when talking about a relationship 

between humans and their gods (Keltner and Haidt 2003).  Therefore, Awe is an emotion 

usually discussed in a religious context to describe the response for the presence of God 

(Fuller 2009).  However, awe does not result only from a godly and nature revelation, it 

can also be triggered by a human creation (e.g., architecture, art, and performing art).  

For instance, cathedral designs condition the mind from the entrance to experience 

awe as a person walks along the nave (Eberhard 2009).  In addition, the presence of an 

object in the virtual induces an instinctive reaction of the body that produces a relationship 

between feelings and experience (Bermudez 1999).  
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This research attempts to show how the virtual environment triggers an intriguing 

feeling for users such as the emotion of awe. An example of the emotion of awe is the 

experience of Saint Paul, a persecutor of early Christians, seeing light from heaven flash 

upon him and the voice of Jesus addressing him while his way to Damascus. The belief is 

that he was blinded by the light for three days after which he converted and became 

disciple of Jesus (Keltner and Haidt 2003). This story explains the trigger of a powerful 

sensory experience when a person comes in contact with a higher power inducing 

amazement and confusion, also described as awe (Keltner and Haidt 2003). The encounter 

with a form of art or architecture can be considered an awe-like aesthetic emotion. For 

example, Edmund Burke describes the sublime as being a feeling of expanded thought and 

greatness of mind that is produced by literature, poetry, painting, or viewing landscapes 

(Keltner and Haidt 2003).   

When describing peak experiences, Abraham Maslow talks about awe by listing 

25 features of peak experiences such as disorientation in space and time, ego 

transcendence, perception that the world is good (Maslow 1965).  Awe can also emerge 

from patterns of darkness and light. In their prototype of awe, Keltner and Haidt (2003) 

describe eleven awe related situations they have studied, such as the cathedral checked for 

vastness, accommodation, beauty, and ability. The size of those examples that create awe 

can evoke vastness, greatness, and power instead of Or in addition to an aesthetic 

appreciation (Keltner and Haidt 2003).  
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In this study, the virtual environment is presumed to give this intriguing feeling of 

awe for the users; it is considered challenging as it involves light that is hypothesized to 

induce awe.   

The second emotion is Hope that brings an assurance of eternal joy, as well as 

provides  positive effects on the mental and physical health (Emmons 2005). In 

Christianity, hope envisages (contemplates) the eternal kingdom “Let us hold 

unswervingly to the hope we profess, for he who promised is faithful” (Hebrews 10:23). 

Joy, comfort, and peace are  considered as emotions that evoke wellbeing and are closely 

related to the process of a goal pursuit (Tugade, Shiota, and Kirby 2016).  

Emotion like joy can also express a feeling of hope, along with trust and 

anticipation and is also expressed as the opposite emotion of grief or sorrow in other cases 

(Plutchik 1991) which Darwin described as an “exciting” emotion.  

The combination of emotions like fear and sadness can produce despair (Plutchik 

1991). Fear is considered a primary emotion that can also condition anxiety as a mixed 

emotion (Plutchik 1991). Sadness is usually related to the feeling of being unhappy or an 

experience of loss or loneliness (Plutchik 1991). 

An interesting combination of positive and negative emotions is fear and joy that 

create an emotion of guilt. In this study, this emotion of guilt can emerge when a person 

expresses joy and fear at the same time after “visiting” the virtual church. Guilt emanating 

from a mixed emotions of positive and negative is found to relate to each of these emotions 

and fluctuate between them (e.g. anxiety and hope, fear and joy) which has been reported 

in individuals experiencing a form of a religious conflict (Plutchik 1991).  
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Summary and Gaps 

The literature review presents two levels of inquiry where two gaps were found: a 

theoretical and a methodological.   

First, the literature theoretical gap shows that most of the scholarly work that 

relates to the importance of light and its effect on the spiritual experience deals mainly 

with real sacred spaces and do not include empirical studies. In addition, recent literature 

emerging from the study of digital religion focuses mostly on the text/narrative and not 

necessarily on the visual representation of virtual sacred architectural spaces. Therefore, 

this investigation of light's effect on the spiritual experience in virtual sacred architecture 

fills these gaps found in previous studies. 

Second, the methodological gap of this study consists on the lack of empirical 

assessments of spiritual emotions in virtual sacred architecture, which can add to and often 

augment the observational studies present in the literature about the interaction of sacred 

virtual architecture and spiritual experience. In addition, although some scholars argue 

that spirituality being a subjective experience makes it harder or almost impossible to 

measure empirically, I adhere to the school of thought that considers quantitative measures 

to assess spirituality  (Ramasubramanian 2014). Therefore, this research is based on an 

empirical evaluation of the effect of light on creating emotional responses in the form of 

a spiritual experience in a virtual sacred building.  
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CHAPTER III  

CONCEPTUAL MODEL 

In her book, Frank Lloyd Wright’s Sacred Architecture: Faith, Form, and Building 

Technology,  Anat Geva (2012) developed a conceptual model that shows an 

interchangeable relationship between faith, form, and building technology (Figure 11). 

This model constitutes a framework to understand the design principles of sacred 

architecture (Geva 2012). Specifically, it illustrates the following relationships: the one- 

directional relationship between faith, form and ambiance since faith dictates both the 

functional and spiritual specifications that make the 3D built form; the bidirectional 

relationship between form and ambiance (e.g., light, acoustics and thermal comfort), since 

both shape the sacred space thus the spiritual experiences; the bidirectional relationship 

between form, ambiance, and building technology since the three are expressed by 

materials and systems. The model also shows the impact of the context of time and 

environment on building technology and ambiance. 
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Figure 11. Faith, Form, and Building Technology: A Conceptual Model on Sacred Architecture 
Source: (Geva 2012) 

This study focuses on three main relationships between faith, form, and ambiance 

since building technology is less pronounced in virtual spaces.  Adapting Geva’s model, 

a conceptual model was developed that depicts the relationship between faith, form and 

its ambiance to decipher the design for virtual sacred architecture (Figure 12). The new 

conceptual model shows four main relationships following the same concepts of Geva’s 

model. The first relationship (1) is between faith, in this case Christianity, and the 3D 

virtual form of the church. It is also unidirectional since faith dictates the form of the 

sacred space through the sacred plan and the verticality. The second relationship (2) is 

between faith (Christianity) and the ambiance, which is also unidirectional as faith 

influences the spiritual ambiance of the space. In this model, ambiance focuses on light. 

Light importance, as described extensively in literature, constitutes the main 

element of ambiance in this model. The third relationship (3) is between the 3D virtual 
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form and the light, which is bidirectional since the form influences the way light penetrates 

the space, and vice versa light influences the way the space is perceived when illuminated. 

Additionally, there is a bidirectional relationship between light and material/texture/color, 

however in this study those factors are fixed and only the variable of light is 

changed/manipulated to create the ambiance. It should be noted that sound/salience are 

illustrated in this model in dashed lines as a potential feature for further study in the future. 

The fourth relationship (4) is a newly added part that illustrates the effect of the 3D virtual 

form and the ambiance on the spiritual experience.  

This experience is represented as a set of emotional responses to the virtual sacred 

space. As established in the literature these emotions are: awe, hope, positive, and negative 

emotions (Literature Review).  
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Figure 12. Conceptual Model for Virtual Sacred Architecture Adapted from Geva's Conceptual Model on 
Sacred Architecture  
Source: by author 

Based on Geva’s model and the new conceptual model for virtual sacred 

architecture along with the literature review about light and spiritual experience, a research 

conceptual model was developed to distinctively illustrate the influence of light attributes 

(e.g. intensity, source) on the spiritual experience in virtual sacred architecture (VSA). 

Specifically, the effect on the spiritual experience is examined as a spiritual emotional 

response to the space(Braud 2001; Emmons 2005).  The model also takes into 

consideration the building form or architectural style (plan, verticality) and the Christian 

religious symbols it contains along with the light attributes.   
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The research conceptual model of this study is illustrated in Figure 13 and is 

divided in two major parts. First, the upper part is the independent variables that are 

manipulated. These variables are comprised of the attributes of light (intensity and source), 

building typology (e.g., architecture style of the church), and religious iconography. 

Following the conceptual model in Figure 12, these variables are influenced by the faith, 

which in this study is Christianity. This faith (Christianity) calls for a specific building 

typology and scenarios as related to the presence/non-presence of iconography. The 

literature shows that more than 70% of the total population in the USA belong to the 

Christian faith (Pew Research Center, Washington, & Inquiries, 2017).  

This fact becomes the basis of the choice of Christianity as the faith in this study.  

As such, the study uses two church building typologies that represent two religious’ groups 

within Christianity.  

Building Type 1 (BT1) represents a generic model of what can be considered a 

Catholic church used in several online platforms. BT1, (Methodology Chapter - Section 

Building types), uses few specific icons as religious symbols commonly found in catholic 

churches. These icons are the altar at the apse with a crucifix hung on top, a Bible placed 

on the altar, candles around the church, and big stained-glass windows with saints’ images 

portrayed in a colorful style.  

Building Type 2 (BT2) on the other hand is based on representation of a Christian 

reformed church, not following the catholic design of cathedrals or basilicas. It represents 

a generic model of a Protestant church type or a community church in the US. In this 

context, BT2 represents a stereotype of a building less inclined to exhibit heavy 
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iconography, and often only includes a simple table at the end of the altar with a Bible and 

sometimes a simple cross on top, and some candles around.     

The second or bottom part of the model represents the dependent variable, i.e. the 

spiritual experience, assessed by the emotional responses to the space. This variable is the 

outcome of the interaction between light and the 3D virtual form of the church. This 

variable is quantitatively measured using three types of emotions: the direct spiritual 

feeling, positive (e.g. joy, peace, comfort), and negative emotions (e.g. fear, anxiety, 

sadness).  

The premise is that changes in light attributes (intensity, source), in addition to 

building typology and iconography influence those emotions, and thus define the extent 

of the spiritual experience.   
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Research Variables 

The conceptual model in Figure 13 introduces two types of variables: the 

independent and dependent. The three independent variables are: light attributes (intensity, 

source), building typology (Building Type 1, Building Type 2), and iconography (With 

Icons, Without Icons). The dependent variable is the extent of the spiritual experience 

expressed as an emotional response (i.e. awe, hope, spiritual feeling, positive and negative 

emotions.) 

Independent Variables 

Two main independent variables are used in this study: the light attributes which 

constitute the main manipulations, and two additional variables (building type and 

iconography) that constitute the mediating variables.  

Light Attributes 

The literature review shows light as a fundamental and dramatic architectural 

element in sacred architecture. The existence of light enables the spiritual path that 

commences with the move from darkness to light (Geva and Mukherji 2007). Light indeed 

beautifies the architecture (Baker, Steemers, and Steemers 2014).  Since in Christianity, 

light is perceived to represent the Divine (Weightman 1996) and was determined in the 

literature chapter as the main variable for this study, two manipulations of light were 

chosen: intensity and source. The choice of opening locations (source) is important in 

creating architectural light that yields the ambiance of the space or ambient light as stated 

by the IES lighting design guidelines. Thus, the variable light source represents the 

location of the windows that allows the light to penetrate into the space. Two sources of 
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light were applied to the architecture of the churches’ digital models. The first source is 

the side windows situated at the eye level of a person. The other source is the upper 

windows, situated on top of the side windows, higher than the eye level, attracting the 

participants’ attention to the top of the church.  The second attribute of light is its 

intensity, which adopts and simulates the dynamic aspect of daylight that is continuously 

changing throughout the day and the seasons. The change of light intensity animates the 

space by interacting with the architecture and its details which engenders the mood or the 

ambiance. As described in the literature, the two IES criteria for lighting design chosen in 

this study are: 1) the architectural Lighting, or ambient light that reveals the interior 

architectural features, and 2) the accent lighting that enhances religious icons and symbols 

in the space.  

The IES also considers two intensities to light: brightness and dim. Therefore, the 

two chosen intensities of light in this study are: high intensity representing the ‘Bright’ 

space, and a low intensity representing the ‘Dim or Dark’ space.  

Building Typology 

The next variable in the model is the building typology. Christian church building 

typology is used based on religious buildings as they appear in the digital realm, such as 

churches in the games (e.g. Second Life). Therefore, this study uses two commonly used 

types of churches. Both types are adequate examples of churches found and used in digital 

religion outlets (websites, mobile applications, video games).  



 53 

The two churches used in this study were purchases from two computer graphics 

platforms (i.e. Cgtrader and Unity Assets Store) providing digital models to use in video 

games.  

Although the artists who designed the two chosen churches models labeled one as 

a Gothic church and the other as a simple church, the terminology used in this study 

changed based on the researcher’s choice. As described earlier in this chapter, Building 

Type 1 (BT1) refers to the church that resembles a Catholic typology, and Building Type 

2 (BT2) refers to the second church that portrays a non-Catholic church typology.  

BT1 has an architectural type of a cathedral, with a cruciform plan and nave, large 

elongated stained-glass windows, stone columns, an upward configuration symbolizing 

verticality towards the sky, arches, and an altar and windows in the apse.  

BT2 shows a more modest design, a wooden structure with clear side windows, a 

nave, and a table at the end of the procession. There is a feeling of plainness to it, making 

it more representative of a meeting space for the congregation rather than an ornamented 

religious building (Methodology Chapter, Section Building Types).  

Iconography 

Icons represent an essential element in Christian religion (Encyclopedia 

Britannica). The   etymology of the word ‘icon’ comes  from Latin to mean an image, a 

figure, or also a statute  (Online Etymology Dictionary).  Christian iconography is a form 

of art and images that express the ideas and rituals of the religion (Grabar 1980).   

Icons range from paintings, mosaics, statues, cross or crucifix, scriptures, candle 

holders, stained glass, etc. Orthodox theologians viewed icons as “a window between the 
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earthy and the celestial worlds-a window through which the inhabitants of the celestial 

world looked down into ours and on which the features of the heavenly archetypes were 

imprinted two dimensionally” (Benz 2017). This means that icons are considered an 

interpterion or a representation of the divine on earth.  

To delimit the vast icon territory, this study selected few iconic elements that can 

be widely recognizable by the population that participated in the project.  The aim is to 

determine if the effect of light on the spiritual experience is influenced differently with 

and without the presence of religious iconography in the space. The icons used in the 

study’s virtual churches are altar or table, cross, crucifix, bible, candles, and stained-glass 

windows.  

Dependent Variable: Spiritual Experience 

As defined in the literature, spirituality is established when religion and feelings 

interact,  as religion is considered a source of emotions (“The Psychology of Religion” 

2003; Emmons 2005). However, religion is more observable, spirituality is less visible, 

more subjective, and quantifiable (Klenke 2007), while spirituality is a more personal and 

emotional experience not necessarily following a religious institution or a dogma (Klenke 

2007). Furthermore, the presence of an object in the virtual, in this case a digital church, 

induces an instinctive reaction of the body producing a relationship  between feelings and 

experience, spiritual in this inquiry (Bermudez 1999).  Since more than quarter of U.S. 

adults consider themselves to be more spiritual than religious (Lipka & Gecewicz, 2017), 

with a shift mostly based on the gender, race/ethnicity, and political affiliation with an 
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increase in less than a decade (Lipka and Gecewicz 2017). As such, the main dependent 

variable for this project is the spiritual experience rather than the religious one.   

Spirituality as an emotional experience, evokes positive and negative emotions 

when people enter sacred buildings (Emmons 2005).  The positive and negative emotions 

related to spirituality, along with a direct question about spiritual feeling experienced by 

the user represent the dependent variables to be assessed. Feeling is an emotional state or 

reaction (Merriam Webster). This emotion is chosen as a direct question to inquire if 

virtual sacred architecture induces such a reaction. Therefore, spiritual experience is a 

function of all these emotions. If one is fulfilled, then I can support the claim that light has 

an effect on the spiritual experience in VSA.  

Research Hypotheses 

The research conceptual model describes the context and the premise of this 

research that examines the effect of light attributes (e.g., intensity, source), as well as 

building typology and iconography, on the spiritual experience in virtual sacred 

architecture. Mainly, this investigation focuses on the effects of these attributes on the 

positive/negative emotions (described above), and on the direct spiritual feeling. Using 

the study's variables, the following main hypotheses were developed:   

Hypothesis 1: Manipulation of light intensity (bright and dark) has an effect on the 

spiritual experience/emotions: the more light (bright space) the more spiritual 

experience/emotions (positive emotions).  

Hypothesis 2: Manipulation of light source (side windows, top windows) has an 

effect on the spiritual experience/emotions. Light coming from the upper windows has 



 56 

more effect on the spiritual experience/emotions than the light coming from the side 

windows.     

Hypothesis 3: Building Type in addition to light attributes has an effect on the 

spiritual experience/emotions. There is stronger effect in building type 1 than in building 

type 2.   

Hypothesis 4: Individual characteristics (i.e. religiosity, gender, age, education, 

use of digital tools) have an additional effect on the spiritual experience/emotions.  
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CHAPTER IV  

METHODOLOGY 

The method adopted for this study is considered unique as it applies an empirical 

approach to an innovative conceptual model developed and introduced in the previous 

chapter. This study applies rigorous and highly controlled experimental method to test the 

hypotheses derived from this conceptual model. The experiment engages a convenience 

sample that addresses a relative representation of the U.S. Population in terms of faith, 

age, ethnicity, and gender. Therefore, this chapter is composed of the following phases: 1) 

select an experimental method, 2) establish a research design to test the stated hypotheses, 

3) perform preliminary tests to determine the validity of the developed instrument, 4)

describe in detail the experiments designs that include all the variables to be tested, 5) 

finally indicate the strength and weakness of this method.   

Experimental Method  

A research process is developed following a series of actions and steps that enable 

to carry out effectively the research and attain an adequate sequence of the method to be 

used (Kothari 2004). The lack of studies to assess the effect of light on the spiritual 

experience shows the need for an empirical examination of the research question in this 

project. A quantitative method serves to augment and expand the limited existing 

observational case studies. I utilize in this study a research design of a controlled 

experiment offering the possibility to use quantitative measures to demonstrate the causal 

mechanisms that underlie this work.  The main premise is to quantitatively test the effect 
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of the manipulation of light intensity and source on the spiritual experience in a virtual 

sacred space.  

An experimental methodology is considered the essence of a credible and valid 

scientific inquiry (Groat and Wang 2002). The main strength of the experimental design 

is its power to generate causal inferences about the effects of controlled independent 

variables and a measure of interest (Thorson et al, 2012). The method I use applies a 

quantitative approach that follows post-positivist perspectives by introducing the 

independent variables of the study as controlled treatments and creating an instrument in 

the form of a questionnaire, to measure the impacts of the independent variables on a 

variety of empirical manifestations of the dependent variable. The effects of the 

independent variables are subjected to appropriate statistical analysis (Creswell and Clark 

2017).  

Specifically, in this study I use the experimental methodology to test empirically 

if light, as a significant architectural element in sacred architecture affects the spiritual 

experience of the worshiper in virtual sacred architecture (VSA). The spiritual experience, 

expressed as emotional reactions of the participants, is measured on a large heterogeneous 

sample of American Christian population, using a self-report online questionnaire 

following their exposure to different expressions of light in a virtual church.  

The originality and uniqueness of this research is expressed along two dimensions: 

a) For the first time, the assessment of spiritual experience is conducted in virtual sacred

architecture; b) It meets the challenge of quantitative evaluation of spirituality, whereas 
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spirituality is often treated as a subjective experience that is considered difficult to 

measure empirically.  

Research Design 

The research design of this study is composed of two main experiments. Each 

experiment is structured as a 2x2x2 in between-groups factorial design. Each of the factors 

represent a dichotomous variation of the Independent Variables (IV), light attributes 

(source and intensity). Both experiments employ the same general dependent variable 

(DV), the spiritual experience, along the manipulations of the independent variables.  

The two experiments also vary along two mediating independent variables: 

building typologies and iconography. In both experiments, two types of buildings are used 

(see Conceptual model). However, in experiment 1, is conducted with the presence of 

iconography in the space, while experiment 2 does not have these religious symbols 

displayed. The main features of both experiments are the variations of the independent 

variables by the researcher. Since it is important to control for all or most of the extraneous 

variables that could affect the experience of spirituality, which addresses individual 

characteristics of the participants (e.g. faith, age, gender, education, etc.), these variables 

are controlled by random assignment of participants in the experimental treatments. 

Therefore, each experimental condition has the same proportions of the population.  

The research design is composed of two main experiments, Table1 describes the 

first experiment and Table 2 the second experiment. Each cell represents a scenario that 

showcases the variation of two light attributes: intensity and source. These variations are 

characterized by the combination of high intensity/low intensity of light, and side 
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sources/top sources of the windows locations. Both variations are applied to two building 

types, each representing a prototype or an example of a Christian church architecture1 

(Conceptual Model). In experiment 1, the common element in the eight scenarios is the 

presence of iconography in the interior of both churches. These icons are represented by 

the presence of a crucifix, an altar, a Bible, and candle holders in BT1. While BT2 contains 

a table, a simple cross placed on it, a Bible, and candle holders.2 

Table 2 shows the second experiment which replicates the first experiment but 

with one difference which is the absence of iconography in the space. Albeit, the 

manipulation of light attributes (intensity and source) and the two building types used were 

the same. Thus, the difference between experiment 1 and 2 relies solely on the 

iconography variable: presence or absence thereof.  In experiment 2, both building types 

do not contain iconography in the interior space. 

1 The choice of the church architecture is based on the models chosen from online stores for models used 
in gaming. These models are two examples of churches used in digital environments. Due to the limitation 
in representing all the features of churches, for the purpose of this study, only two building types were 
chosen from the multitude of models existing online. The choice is also based on the affordability of the 
models.  
2 The iconography used in these experiments is chosen to represent what can be found in a Catholic church 
such as an altar and a crucifix, and a non-Catholic church such as a table, a book, and a simple cross.  
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Table 1. A 2x2x2 Experimental Design for Experiment 1. 
Buildings That Contain Religious Iconography in the Space 

Building Type 1 Church Type 2 

High Intensity 

of Light 

Low intensity 

of Light 

High Intensity 

of Light 

Low intensity 

of Light 

With 

Iconography 

Source of light: 

Upper 
Group 1 Group 2 Group 5 Group 6

Source of light: 

Lower
Group 3 Group 4 Group 7 Group 8

Table 2.  A 2x2x2 Experimental Design for Experiment 2. 
Buildings Do Not Contain Religious Iconography in the Space 

Building Type 1 Building Type 2 

High Intensity 

of Light 

Low intensity 

of Light 

High Intensity 

of Light 

Low intensity 

of Light 

Without 

Iconography 

Source of light: 

Upper 
Group 1 Group 2 Group 5 Group 6

Source of light: 

Lower
Group 3 Group 4 Group 7 Group 8

Pretests of the Experimental Method 

Prior to running the full experiments of the study, I designed a preliminary 

experiment to test: whether the manipulation of light affects the spiritual experience in 

virtual sacred architecture. In this experiment, only the light intensity was changed to 

provide two intensities of the same space: Bright and Dark/Dim. Two pilot studies were 

designed to explore the effects of the light intensity treatments in two contexts.   
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In the first context, the participants (undergraduate students from Texas A&M 

University) were exposed to the treatments of light in the virtual space on their personal 

computers in the location of their choice. They were then provided with an online 

questionnaire to record their reactions to the virtual church.  

In the second pilot study, students were exposed to the same virtual church with 

the same light intensity manipulations on a big screen in a visualization laboratory at Texas 

A&M University (Figure 14). The participants then were handed a paper questionnaire to 

record their reactions.  

In both pilot experiments, the participants watched a video of a “walkthrough” in 

a nave of a church with two manipulations of light intensities (bright and dark). Then were 

asked to answer a questionnaire that recorded their emotional responses to this exposure. 

Figure 14.  Humanities Visualization Laboratory 
Part of the Digital Humanities Center in the College Liberal Arts at Texas A&M University 

Source: by author 
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Experiment Design and Procedure of the Pilot Study 

The research design of this pilot study employs a 2x2 in between-groups factorial 

design. Table 3 illustrates the four experimental conditions employed.  

Table 3. A 2x2 Experimental Design of the Pilot Study 
Personal Computer Visualization Laboratory 

Bright Light Intensity Group 1 Group 2 

Dark/Dim Light Intensity Group 3 Group 4 

The independent variable in this study is the intensity of light presented as low and 

high intensities within the virtual sacred space. A scale for intensity levels was chosen by 

the web developer of the digital model that ranged from 0 to 4. This scale is called: Light 

Strength. The scale was divided into four sections and the intensity level was selected by 

the researcher as follow: The low intensity is set to a value of 1 and implies a relatively 

dark space, and the high intensity is set to a value of 3 creating a brighter space. The 

second factor considered in this research design was the physical context.  

This experiment was designed in two different settings: A Humanities 

Visualization Laboratory (VHS) (Figure 14), and personal computers in individually 

chosen spaces by the participants (e.g., home, computer labs, etc.). The reason choosing 

these two particular contexts is as such: first, the visualization laboratory is a new resource 

offered by the Digital Humanities Center to be used by students conducting research in 

digital humanities. This context offers an environment that can be controlled by the 

researcher. Indeed, the layout of the space permits to contain a group of 12 to 16 

participants at a time. In addition, the high resolution and the size of the screen composed 
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of nine plasma high definition screens enable an augmented experience of the virtual 

church walkthrough. Also, the control of the lighting environment by switching the lights 

off, puts the video of the church as a focal point without exterior distraction. Therefore, 

this context acts like a research laboratory.  

The second choice for the participants using their own computers in the location 

of their choice constitutes a less controlled environment, different than a controlled 

research laboratory. This context gives freedom to the participants to perform the task 

without a constraint of time or space. This scenario is more representative of the digital 

religion practices that are done individually and not bound by a space or time.    

Both contexts serve to determine the effect of light on the spiritual experience while 

offering an additional information about the effect of the surrounding environment as well 

as the type of digital tool used (a computer or a big screen). In addition, these contexts 

determine whether the experience is different when the virtual church is perceived as an 

individual or in a group among other people.   

The spiritual experience of the participants was measured using the participants’ 

answers to the questionnaire. The questionnaire was developed from previously validated 

scales  

All the participants in this study were exposed to a short video (15 seconds) 

showing a “walkthrough” inside a digitally modeled church. The virtual church of Saint 

Jean cathedral in Lyon, France was created by a computer developer using the software 
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Google O3D then ported to a WebGL3 (Patapom 2012). Figure 16 shows a screen shot of 

the interior of the cathedral. The particularity of this virtual church representation allows 

the manipulation of light intensity in the space, as well as the possibility to change the 

direction of the light penetrating into the space, pending on the church’s windows. The 

videos recorded a virtual walkthrough from the door to the altar in a procession style, 

mimicking the journey of a person entering a rea church. Two versions of the video were 

prepared4. Each video represents one condition of the experiment: scenario 1 is a dark 

scene; scenario 2 is a bright scene (Fig 15). Even though it is a virtual environment, the 

light entering the space is still considered natural because the rendering used one source 

of light simulating the sun.   

3 https://www.chromeexperiments.com/experiment/the-cathedral. a web technology bringing hardware-
accelerated 3D graphics to the browser without having to install additional software 
4 https://vimeo.com/162217179  
https://vimeo.com/162217235 

Figure 15. The two Pilot Stuyd Light Scenarios: Dark and Bright 
Source: (Patapom 2012) 
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Figure 16. Interior Shot of the Saint Jean Cathedral in Lyon, France. 
Source: (Patapom 2012) 

Results and Discussion of the Pilot Study 

A total of 120 undergraduate students at Texas A&M University took part of the 

pilot study. A total of 40 students participated in the visualization laboratory, and the 

remaining 80 used their personal computers at the location of their choice. The participants 

were randomly assigned to the two experimental conditions. Table 4 summarizes the 

demographics characteristics of the sample of this sample.  
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Table 4. Sample Demographics Analytics 
Items Answers Percentages 
Gender Female 56% 

Male 44% 
Faith of the sample Christian 80% 

Non-Christian 20% 
Religious Practices (pray or meditate) Yes=1 72.5% 

No=0 27.5% 
Use of digital tools to pray or meditate Yes=1 39% 

No=0 61% 
Majors of the students Architecture 6% 

Construction Science 7% 
Visualization 3% 
Landscape & Urban Planning 3% 
Engineering 15% 
Communication 13% 
Others 44% 

The first analysis tested whether the light intensity manipulation was perceived by 

the participants. The results come from question 7 that asked “how much light did they see 

in the space in the video" on a scale of 0 to 10 with 0 being too little and 10 too much. An 

analysis of variance, ANOVA, was performed to check the light perception.  

The results yielded a significant effect of the perception of the change in light 

intensity in the virtual church (F (1,116) = 41.82, p<.0001). In addition, participants who 

viewed the bright light scenario perceived the light as higher (M=8.78) than in the ones 

who watched the dark light scenario (M=5.99). The main-effect of perception of light 

intensity changes was not conditioned nor affected by the context where the participants 

performed the experiment. Thus, the light manipulation worked regardless of the exterior 

environment. Hence, this result supports the hypothesis that the variation of light intensity 

in the virtual space is well detected by the users. 
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In terms of the substantive questions of this study, which states that light affects 

the spiritual experience in virtual sacred architecture, the findings show that the variation 

of light intensity had more tendency to affect the subjects’ feeling of awe and inner peace, 

thus the positive emotions. These effects were contingent on the context of exposure. 

Indeed, the effect of light was more pronounced in the context of the VHS laboratory with 

the large screen than on the personal computers.5  However, it should be noted that the 

same variations of light intensity did not yield any significant effect on the negative 

emotions. 

In conclusion, the results of the pilot study demonstrate that in fact light has an 

effect on the spiritual experience as an emotional reaction to the change of light intensity 

in the virtual church. In addition, this pilot serves to test the manipulation as well as the 

questionnaire in order to make adequate changes to obtain better results. Therefore, these 

results allowed more insight into improving the experimental method that will be used for 

the final experiment. Due to the limitations related to using only participants that are 

composed of only students, the final experiments target a larger heterogeneous population 

to ensure the external validity of the study. This can be done by a random sampling using 

a crowdsourcing marketplace, Amazon Mechanical Turk (MTurk).  

5 A verge of statistical significance in the interaction between context and light on Awe (F (1,116) =3.14 
p<.079).  
A verge of statistical significance of the light manipulation on positive emotion is (F(1,116)=3.14 
p<.076)  
Similar trend with the experience of inner peace (Positive emotion) 
No significance on negative emotions (F(1,116)=0.311 p<.578) or the context (F(1,116)=1.024 p<.314)  
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Final Experiment Design Procedure 

The experimental process can be represented as a linear flow chart. Figure 17 

shows that the process was conducted in eight distinct steps presented as such:  

1) Creation of the digital model (virtual churches): two types of churches (Rhino 3D).

2) Manipulation of the independent variables: light intensity and light source (windows)

in each church (Rhino 3D).  

3) Preparation of the videos of the walkthroughs of the virtual churches (Unity 3D and

YouTube). 

4) Preparation of the online questionnaire (Qualtrics).

5) Combination of the experimental treatments (churches scenarios) with the questionnaire

(Qualtrics and YouTube). 

6) Conducting the experiment and collect the data (MTurk and Qualtrics).

7) Data Analyses (SPSS and R).

8) Interpret and discuss the results along the study’s hypotheses.
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Figure 17. Research Experimental Procedure Flowchart 
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Development of the Churches Digital Models 

The first step in this experiment consisted of developing a digital/virtual model of 

a building type representing the architectural elements of a Christian church (e.g. a 

processional plan, a tall space, Christian iconography, etc.). Since a video is a form of art 

that impact our sense of reality to the extent of making the virtual become natural 

(Bermudez 1999), a video serves as  the medium utilized in this study to showcase the 

interior of the building’s digital model. This study examines the spiritual experience 

particularly in virtual Christian churches, but it can serve as a platform to be used in other 

religious houses of worship (e.g. mosques, synagogues, Hindu temples, and more.).  

Building Types 

As shown before, the research design employs two Christian building types: Type 

1 and Type 2. Building Type 1 (BT1) interior space is characterized by the form of a cross 

plan, with a long nave divided by pillars, a transept, pointed arches and rib vaults also 

evocative of a Romanesque style, prominent height showing verticality and guiding the 

eyes towards the sky as a connotation of heaven, large stained-glass windows along the 

sides topped with pointed arches, as well as three narrow and tall pointed windows 

enveloping the wall behind the apse, and an intricate design rose window above the 

entrance.  

Figures 18 and 19 illustrate the rendering of these buildings as an awe-inspiring 

Christian place, reminiscent of a real place where a person can worship and feel pious. As 

mentioned in the conceptual model, this building type may be assimilated to the 

architectural style of a Catholic church.  
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Figure 18.  Building Type 1 (BT1) Church Digital Model: Front Interior View 

Figure 19.  Building Type 1 (BT1) Church Digital Model: Back Interior View 
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Building Type 2 (BT2) interior space is more modest and simplistic representing  

another type of a Christian church. It is characterized by a rectangular plan, with wood 

trusses system, a nave divided by side round arches supported by pillars, large arched clear 

glass side windows, simple wooden pews, a table at the end of the nave with two big 

arched windows behind and one smaller on top of them (Figure 20 and 21). The simplistic 

style resembles American protestant churches style that in contrast with Roman Catholic 

churches, is modest in aesthetics. In fact, the choice of BT1 and BT2 was made on purpose 

to check whether, in addition to light manipulation, the architectural style of the building 

influences the effects of light on the experience of the spiritual feeling in the virtual space.  

Figure 20. Building Type 2 (BT2) Church Digital Model: Back Interior View 
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Figure 21. Building Type 2 (BT2) Church Digital Model: Interior Views 

Digital Setting and Light Source Manipulation 

The two digital models were purchased from 3D model marketplaces for a virtual 

reality (VR), augmented reality (AR), and gaming websites (Cgtrader6 and Unity Asset 

Store7). BT1 is created by a Unity 3D developer and artist (VattalusAssets) and BT2 by 

DEXSOFT-Games (3DModels-Textures), a developer and distributor of real time digital 

content. Both models are low-ploy 3D intended to be used in gaming environments, AR, 

6 Building Type 1 
 https://www.cgtrader.com/3d-models/interior/other/gothic-church-eb342c4e-3e8e-4485-a847-

145f31fe04d0#tab-description  

7Building Type 2  https://assetstore.unity.com/packages/3d/environments/historic/church-interior-and-
exterior-89097  



 75 

and VR. They both present a high level of details in their modeling and texture. These 

models come as a complete scene of the interior and exterior of a church. The geometry is 

a polygon mesh that has textures, materials, and UV mapping.  They include walls, floors, 

columns, windows, and furniture.  

For the purpose of this study, some architectural elements of the original models 

were altered to enable the creation of the experimental scenarios.  Rhino®, a 3D Content 

Creation software is used to perform alterations of the original window openings by 

creating two types of windows: Lower Side Windows and Upper Side Windows (Figures 

22, 23, 24, and 25). In addition to these alterations geometric details were added to create 

the new windows, apply textures, “bake” textures into image maps, add and remove icons 

in the space, and export the models as game engine ready for Unity 3D software. Texture 

mapping served to texture the material surfaces and geometry (Bertol and Foell 1997). It 

is indeed the method used to map two-dimensional textures into three dimensional objects 

in order to simulate the variations in surface texture and colors ( Altabtabai, 2017; 

Altabtabai et al., 2016). The geometric transformation consists of creating two different 

light sources in each church. In one treatment, the light sources are side windows, and in 

the other treatment the light sources are top windows. These two variations of the source 

of light (side and top) were introduced in each type of church (Figures 22, 23, 24, 25, 26). 
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Figure 22. BT1 Side Window Alteration and Texture Mapping 

Figure 23. BT1 Side Window Alteration and Texture Mapping 

Figure 24. BT1 Alteration of Top Windows in the Apse 
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Figure 25. BT1 Alteration of Top Windows in the Apse 

Figure 26. BT2 Alteration of Side and Top Windows 

At the end, sixteen models were created, and each model was transferred to Unity 

3d game engine to render the light and create animations of the churches’ walkthroughs.   
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Intensity Manipulation and Animation 

For each building type Unity’s real time GI rendering method was used to simulate 

direct and indirect lighting. First, an ambient lighting was set up to the scene.  

This ambient lighting is considered a global light source that contributes to the 

overall look and brightness of any virtual scene (Figure 27) (Unity Graphics). The direct 

lighting strikes directly a surface and the indirect light bounces from the objects and 

surfaces present in the scene. For these models, the direct and indirect light intensities 

were modified while keeping the multiplier fixed (Figure 28, 29). At the end, two light 

intensities were created for each building scenario: high light intensities (bright spaces), 

and low light intensities (darker spaces).  

In addition to the manipulation of light intensity, different scenarios of light 

sources were generated with the presence or absence of iconography in the two church 

typologies. As mentioned in the literature review and the conceptual model chapters this 

study selected few commonly recognizable icons in Christian churches. The focus of the 

inclusion or absence of these icons was to determine if the effect of light on the spiritual 

experience is different with and without the presence of these religious symbols in the 

space. As mentioned before, the icons selected were an altar, a crucifix, a bible, candle 

holders, and stained-glass windows for BT1. A table, a simple cross standing on the table, 

a bible, candle holders, and clear glass for BT2.   
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Figure 27. BT1 Ambient Light in Unity 3D 

Figure 28. BT1 Direct and Indirect Light Manipulation: Bright Scene 



 80 

Figure 29. BT1 Direct and Indirect Light Manipulation: Dark Scene 

The video animations are performed in Unity 3D following the setup of all the light 

manipulations and the iconography treatments in each scenario. In each building type, the 

camera is set up as at the eye level of the person walking through the space.  

The camera enters the church, stops for a second to look up, then look down again 

and walks through the nave until reaching the altar or table. Once at the altar/table, the 

camera looks up one last time then goes back to an eye level to look at the altar/table.  

The same pace of the animation is set up for all the videos. At the end, sixteen 

videos were generated.  Figure 30 illustrates the scenarios of light manipulation of the two 

building types (i.e., intensity, source, iconography, and typology). The four top images 

show the scenarios of the BT1, and the bottom show those of the BT2. 



 81 

Figure 30. Sample of Eight Light Scenarios 

Development of the Questionnaire 

The second step in the preparation of the experimental material was to develop the 

instrument which records people’s responses to the visual stimuli (the church scenarios) 

in a form of a self-administered questionnaire.  

Review of pertinent literature on spiritual experience helped identify several 

questionnaires that relate to the evaluation of spirituality and well-being. The final 

questionnaire in this project was constructed on the basis of existing instruments that have 

already been proven to be valid and reliable. Some examples of instruments are the Daily 

Spiritual Experience Scale (DSES) that addresses experiences of spirituality such as awe, 

joy that lifts one out of the mundane, and a sense of deep inner peace (Underwood and 

Teresi 2002).The Index of core spiritual experiences (INSPIRIT), a self-test that provides 

quantitative results of a connection with one’s spiritual core (Kass et al. 1991); The 

Spiritual Health and Life Orientation Measure (SHALOM), a twenty items questionnaire 



 82 

assessing the quality of relationships of the respondent with self, others, the environment 

and/or a transcendent other (Fisher 2010).   

On the basis of these instruments a questionnaire was composed (see Appendix A 

and B).  The items in this questionnaire address the following parameters: 

Manipulation checks: items that are used to verify that the participants were 

sensitive to the amount of light in the virtual space as well as its source. In addition, several 

items were included to see whether the participants saw the iconography (if it was present). 

Assessments of the spirituality: This section of the questionnaire included items 

that addressed directly the extent of the spiritual feeling the participant experienced (on a 

0 to 10 scale). In addition, on the basis of the existing questionnaire in this field I included 

six items that addressed the experience of positive emotions8 and y items that addressed 

negative emotions9. The questionnaire included several demographic items such as age, 

gender, level of education, etc.  

As part of the control variables, questions about the participants faith and their 

level of religiosity, their spiritual beliefs, if they pray to reach a level of spirituality, if they 

attend religious services, if they prefer to pray alone or in groups. Two additional items 

ask about the participant’s familiarity with the use of digital tools to pray or meditate, and 

if they do, what are they.  

Another section asks about where the participants performed the experiment (e.g. 

indoor or outdoor, alone or with people, etc.). The latter questions frame the part that 

8 Awe, hope, joy, comfort, peace 
9 Anxiety, fear, sadness  
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cannot be controlled by the researcher, which is the setting or context where the videos 

were watched. Moreover, it gives us an idea what type of digital tool used to watch the 

videos (e.g., computer, tablet, or phone).  

A web-based survey tool, Qualtrics, was used to create the experimental 

environment (exposure to the different church scenarios) and the questionnaire that 

follows this exposure.  Qualtrics exists since 2002 and is considered a validated platform 

for researchers to conduct online surveys (Barnhoorn et al. 2015). Qualtrics enables to 

embed the equal randomization of the sixteen videos among all the experiment 

participants. The use of an online survey method in of the study of virtual architecture is 

an innovative way to assess the extent of spirituality as expressed by emotions in virtual 

environments. In fact, survey research allows to measure a wide variety of unobservable 

data such as people’s beliefs, emotions, and attitude toward a stimulus, and remotely reach 

a large population that is hard to observe directly (Bhattacherjee 2012).  

Data Collection 

For the past decade, researchers, especially in social sciences have been using 

online labor markets like Amazon’s Mechanical Turk (MTurk), where a large population 

sample can be tested at low cost (Barnhoorn et al. 2015). Despite concerns about the 

external validity of MTurk, studies show the reliability of the data gathered using this 

platform (Chambers and Nimon 2017). The external validity was also demonstrated by 

comparing it to data gathered in a laboratory or using a university sample (Behrend et al. 

2011). Therefore, the use of an online crowdsourcing marketplace is an efficient way to 

have a more diverse and representative sample of the general population (i.e. age, 
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ethnicity, education, religious beliefs). In this study, a Human Intelligent Task (HIT) was 

created on MTurk. In this new HIT, a short description of the study, and a selection 

criterion were presented to the participants before they start the experiment: Faith (needs 

to be Christian to participate), age (above 18), and location (in the US). (Figure 31).  

Once the HIT became available online, MTurk users, called “workers”, have the 

ability to see a preview of what is requested from them in order to agree to participate. 

Users must comply with the conditions of the researcher in order to advance.  After they 

validate their participation, they are randomly exposed to one of the sixteen available 

videos of the interior of the church. After watching the video (e.g. virtually walking 

through the church’s nave), they are automatically redirected to the questionnaire. The 

participants must answer each question in order to complete the survey. However, they 

have the choice to quit at any time they choose. After the questionnaire is fully completed 

and submitted, a completion code is given to the participants to be compensated.  The 

participants were given a maximum of one hour10 to complete the full experiment and got 

rewarded with $0.75 each. MTurk uses this method to insure anonymity and that the 

“worker’s” ID would not be connected to the response. In addition, each participant can 

carry out the experiment only once, MTurk is a good tool to avoid redundancy in 

participation that might affect the data collected.  

10 On average, it took the participants 15 minutes to complete the study  
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Figure 31. Description of the HIT on Amazon Mechanical Turk: Crowdsourcing Marketplace 

Data Coding and Analysis 

After all the questionnaires were completed, the collected data was downloaded as 

a csv file from Qualtrics. Two steps are necessary at this level. First, data preparation and 

data analysis. Data preparation consists of data coding, where all the data are transformed 

into a numerical format. The response scale used in the questionnaire is based on 0-10 

Likert scale with anchors ranging from Not at all to Very much. Second, after coding, the 

data is then transferred to the Statistical Package software for Social Sciences (SPSS) 

(Figure 32). SPSS presents a straightforward graphical user interface (GUI) reminiscent 

of Microsoft Excel. SPSS was used in this study to perform descriptive and inferential 

analyses. Descriptive statistics are used for subjects’ demographics data and association 

with religious practices and use of digital tools in religious practices. T-tests and ANOVAs 

(analysis of variance) are used to examine if the mean responses of the participants in the 

different conditions are statistically different from each other. This inferential analysis 

serves to test the hypotheses that light has an effect on the spiritual experience in virtual 

sacred architecture.  
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Another type of analysis is performed, a linear model regression using R 

programming as well as linear models introducing covariate factors.  

Figure 32. Statistical Analysis using SPSS 

Strength and Weakness of the Methodology 

The method developed in this study constitutes an interdisciplinary approach to 

research in architecture. It includes an empirical method inspired by social sciences 

research, using an experiment developed by the researcher. The use of this method 

increases both the internal and external validities of the study. In fact, the external validity 

assures generalizability and the internal validity supports the causality which makes the 

study more convincing (Groat and Wang 2002). In addition, pretests were performed to 

establish the testability and the feasibility of the research. Based on the analysis of the 

pretest, some questions were modified to further increase the internal validity.  
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The use of a web-based survey and an online crowdsourcing marketplace makes 

the experiment controllable, allowing a more inclusive way to recruit participants, and the 

data easily collected and analyzed (Chambers and Nimon 2017). The specific restrictions 

for being able to participate in the experiment help to control its process.  

Furthermore, the sequence of the questions is bound by an order, so each 

participant has to answer the question before he or she can proceed to the next one. 

However, the participants were also given a choice to stop the experiment whenever they 

felt uncomfortable.  

The weakness of this method emanates from the limitation in the choice of the 

digital models of churches to use. Given that Christian architecture is so complex and can 

be represented and interpreted by a myriad of designs, the way to control this experiment 

was to make a selection of only two types of churches, and to stick to traditional historic 

church designs.  

Moreover, the choice of light as the only element to control also constitutes a 

limitation as sacred architecture is composed of other elements such as material, colors, 

textures, sound, etc. that contribute to the spiritual experience as a whole. No control of 

the environment where the participants perform the experiment, is an additional limitation. 

This was addressed by questions in the survey about the environment where the 

participants conducted the experiment (indoor, outdoor), if they were alone or surrounded 

by people, the time of the day they watched the video, and the amount of light surrounding 

them while doing so.  
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At the beginning of the experiment, all the participants were given clear 

instructions on how they should watch the video. Everyone had to open the video as a full 

screen before watching it. The question addressing the digital tool they used for the 

experiment also gave us a better idea of how they have watched the video. Most of the 

participants used their computers instead of a phone or a tablet, which makes the 

environment and the size of the video somehow common among the population that took 

part in this study.  
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CHAPTER V  

RESULTS AND DISCUSSION 

The experimental method employed in this research is utilized to test empirically 

the effect of light attributes in virtual sacred architecture on the spiritual experience and 

emotional responses to the spatial representation. The experiments I conducted in this 

project were designed to test four hypotheses derived from my conceptual framework.  

First, the analyses in this chapter address the main claim that light attributes 

(intensity and source), have an effect on the spiritual experience in the virtual space. 

Second, if the variables (typology of church and religious iconography) add to this effect. 

Third, explore whether individual characteristics such as religiosity, age, education, and 

use of digital tools to pray or meditate, contribute to this spiritual experience, in addition 

to the experimental treatment - architectural light.  

The results are shown in a form of tables and graphs of different statistical analyses 

performed using SPSS and R Studio.  The chapter is divided into four parts: 1) study of 

the sample; 2) The internal validity of the experiment; 3) Analysis of experiment 1; and 

4) Analysis of experiment 2.
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The Sample 

Demographics Characteristics 

A total of 1186 subjects were recruited to participate in the experiment using 

MTurk11. This sample is used for the final hypotheses testing as their responses provide 

quality surveys12. The demographics data of my final sample is compared to the U.S 

population parameters retrieved from the U.S census bureau for 2017. The elements 

considered in the comparison of the sample and the population are gender, age, education, 

ethnicity, and faith.  

Table 5 shows a comparison of the participants and the US population data. The 

sample of this study is very comparable to the US population demographics. For instance, 

the median age of the sample is 35 years old compared to the median age in the US which 

is 37.9 years. 

In terms of gender representation, there are slightly more females (56.4%) in the 

sample compared to the general population. The most noticeable difference between the 

sample and the US population is the level of education. Indeed, more than half the sample 

(53.10%) were educated, with the majority holding a bachelor’s or advanced degree 

(professional degree or Doctorate) compared to 30% in the US population. Furthermore, 

23.0% had some college experience. These results demonstrate that people with higher 

11 See discussion on MTurk in the Methodology Chapter.  
12 A total of 1700 participants were initially recruited. However I used only 1186 good surveys and 
excluded the 514 low quality surveys composed of: 256 people that chose to opt out of the survey because 
they did not qualify for the initial requirement (Faith, Age, Residency), or did not complete the whole 
survey as asked; 89 people that took less than 180sec (3min) to complete the whole experiment process; 
And the remaining 169 did not pay attention to the question about perception of light.  
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education have easier access to the Internet, use more digital tools, and possess knowledge 

and accessibly to crowdsourcing platforms such as Amazon Mechanical Turk (MTurk). 

This pattern is similar to other studies that use MTurk (Behrend et al. 2011; Chambers and 

Nimon 2017; Hossfeld et al. 2013).  

Out of the 1186 participants, 78.20% reported their ethnicity to be white, making 

it the predominant ethnicity of the sample which is very representative of the US 

population where whites represent 76.60%. From a religious perspective, 100% of the 

participants are Christians since being a Christian was one of the requirements to take part 

of this experiment. Therefore, the faith requirement was fulfilled, and the sample is all 

Christian divided into two groups: 25.5% reported being Catholics and 74.5% non-

Catholic or Protestants belonging to different denominations (Fig 1). The Faith/Religion 

data used to compare this sample to the US population are from the Pew Research Center, 

Religion and public life (NW, Washington, & Inquiries; “U.S. Census Bureau 

QuickFacts,”). The US has 70.6% of the total population being Christian, among them 

20.8% reported being Catholic, and the remaining 49.8% belong to other denominations 

(e.g. evangelical protestant, Mormon, Lutheran, Presbyterian, etc.). Since the study sample 

is all Christian, the comparison of the sample and the population is focusing only on 

Christianity values.  Therefore, Table 5 shows that the faith percentages of this sample are 

comparable to the Christian faith distribution in the U.S population (Figure 33).  

The demographics data of the sample in this study shows a relatively good 

representation of the U.S. Adult population. These results enhance the external validity of 

the study.  
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Table 5. Sample and U.S. Population Demographics 
Characteristics Participants Population 
Median Age 35 Years 37.9 years 
Percent Female 56.40% 50.80% 
% Bachelor or Advanced Degree 53.10% 30.30% 
Ethnicity 
White 78.20% 76.60% 
African American 11% 13.40% 
Faith (Among Christians only) 
Christians (Non-Catholic) 74.50% 71% 
Catholic 25.50% 29 % 

Figure 33. Faith Distribution of Christian people: Sample vs. US Population 

Following the demographics characteristics of the population, the study also looks 

at other characteristics that might influence the effect I am examining. These 

characteristics are the level of religiosity of the sample and their religious practices, 
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Religiosity and Religious Practices of the Participants 

In this section, the attention is on additional characteristics of the sample: the level 

of religiosity, the religious practices, and the use of digital tools as a medium to pray or 

meditate. To address these characteristics, the questionnaire presented to the participants 

contained questions adapted from previously validated scales to measure religiosity (see 

Methodology Chapter). A total of six questions are directly related to check the level of 

religiosity of the sample. These questions are part of the section in the questionnaire asking 

the participants about their spiritual or religious experiences in daily life. They are 

introduced after the participants have been already exposed to the video of the church 

interior and answered questions related to their spiritual experience (emotions) following 

the video. Four of the religiosity questions are based on a Likert scale (0-10) and two are 

based on a yes or no answer. The questions are stated as such:  

• How much do you consider yourself a religious person?

• To what extent do you have spiritual beliefs?

• Do you participate in group prayers?

• Do you prefer to pray alone?

• Do you pray to obtain a higher level of spirituality?

• Do you attend spiritual services in sacred buildings like a church?

Univariate descriptive statistics are preformed to find the mean for each item and

determine the level of religiosity and religious practices of the sample. The results in 

Figure 34 show that most of the sample have high spiritual beliefs with a mean M=7.85 
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but slightly less religious with M=6.91. In terms of religious practices, most participants 

prefer to pray alone M=7.43 compared to those reporting praying in groups with M=4.55.  

Figure 34. Level of Religiosity Comparison of Means 

On the other hand, Figures 35 and 36 illustrate in pie charts the frequency of the 

participants in the sample that pray or mediate to reach a high level of spirituality (Figure 
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religious services in real churches, whereas 18% did not (Figure 36).  
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the experiment’s requirement to have participants who have attended a religious service 

at least once in the last 6 months is fulfilled.  

Figure 35.  Pray or Meditate to Reach Spirituality 

Figure 36. Religious Services Attendance 
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The same way I tested for level of religiosity and religious practices in the previous 

section, the next analysis aims to determine the religious practice pertaining to the use of 

digital tools. The item related to digital religion is stated as such:  Have you ever used any 

digital tool to pray or meditate? This question is important to evaluate how familiar the 

participants in this study are with the phenomenon of digital religion through their use of 

digital tools to pray or meditate.  Figure 37 shows that 27% of the whole sample confirmed 

using a digital tool (that range from phone, computer, television, or tablet), in order to 

fulfill a spiritual need (praying or meditating). The remaining 73% reported not using any 

digital tool for this matter. These findings show that although the majority of the sample 

are not in tune with the practices of religion online, the existence of a small percentage 

who are aware of this phenomenon may suggest that it will become more common in the 

years to come, especially with the fast and unceasing evolution of technology.  

Figure 37. Use of Digital Tools to Pray or Meditate 
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The demographics characteristics, the religiosity and religious practices described 

in the previous sections show that the sample can be generalized to the target population 

(Christian adults), proving the external validity of this study.  

Another important in these preliminary analyses is the determination of the 

physical context where the participants performed the experiment. The next section 

describes these items.  

The Physical Context of the Experiment 

This section addresses the items in the questionnaire that deal with the environment 

where the participants performed the experiment. These questions focus on the time of the 

day the experiment was taken, the digital tool used to do it, whether the participant was 

alone or surrounded by other people, and lastly if the experiment was performed indoor or 

outdoor.  

The findings in Figure 39 show that the majority (43.1%) of the participants 

reported performing the experiment in the afternoon (43%), while 22.3% did it in the 

morning, 16.6% at noon, and 18.1% at night. In addition, the majority of the participants 

(94.3%) reported watching the video of the churches when they were alone, only 5% 

acknowledged they were accompanied by others while watching the videos. Furthermore, 

98.3% reported being in an indoor environment while partaking the experiment.  

Consequently, these results show that the study was performed throughout the day 

with no specific time, which justify the flexibly of using a digital tool to pray or mediate 

that is freed from the constraints of place and time. 
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Figure 38. Physical Context Analysis of the Sample 

Figure 39. Experiment Performance Percentages throughout the Day 
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sample, the religiosity and religious practices analysis shows indeed that the majority are 

religious and observe religious activities such as attending churches services. However, a 

small percentage are accustomed to the use of digital tools to pray or meditate, thus 

watching these virtual churches might present a certain familiarity to them. Further, the 

majority of the sample performed the experiment indoor and by themselves, at different 

times throughout the day mainly in the afternoon, which shows the versatility of this 

method not bound by space and time constraints.  

All these characteristics of the sample add to the external validity which confirms 

the robustness of this study. The next section addresses the internal validity of the study 

by evaluating the dependent variables. i.e., the spirituality scales (emotions), the 

independent variables, i.e. manipulation checks of light intensity and its source, along with 

the participants’ awareness to the building typology and iconography experimental 

factors. 

Internal Validity 

Along with the sample analysis and the external validity discussed above, internal 

validity attests if an observation can determine a causal relationship between the 

independent and dependent variables (Calder, Phillips, and Tybout 1982). In order to 

establish this validity, two elements require to be evaluated:  

1. The internal consistency of the items (emotions) measuring the spiritual

experience: measurement of spirituality.
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2. Whether the independent variables (experimental treatments) of light intensity and

source introduced in the experiment are perceived as designed by the participants:

manipulations checks.

The Measurement of Spirituality 

Spirituality in this study is measured in two ways. First, through a direct item that 

asks participants to report the spiritual feeling they have experienced after watching the 

video of the church (on a scale from 0 to 10). Second, through a series of eight questions 

asking about distinct emotional responses on awe, hope, joy, peace, comfort, sadness, fear, 

and anxiety.   

To explore the conceptual structure of the emotional items and relate them to the 

conceptual structure of this work, I conducted a factor analysis of these items based on the 

entire sample (1186 participants). This factor analysis determines the inter-relationship or 

the consistency among the emotion items. The principal component analysis generated 

two identifiable clusters. The two clusters show an acceptable distinction between positive 

and negative emotions as stated in the psychology of religion literature (See Literature 

Review). The rotated factor weights are shown in Table 6. The first cluster encompasses 

the feelings of awe, hope, joy, comfort, and peace which represent positive emotions. The 

negative cluster groups the feelings of anxiety, fear, and sadness. Consequently, an index 

score is created for each of the two emotion clusters (averaging the appropriate scales). 

This index score is used later on to analyze the effect of light on each emotional cluster.  
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Table 6. Factor Analysis Rotated Weights of Positive and Negative Emotions 
Positive Emotions Cluster   Negative Emotions Cluster 

Awe 0.807 0.076 
Hope 0.913 0.05 
Joy 0.924 0.016 
Comfort 0.909 -0.147 
Peace 0.881 -0.173 
Anxiety -0.046 0.891 
Fear -0.04 0.927 
Sadness 0.011 0.85 

In addition to the factor analysis of the emotions that yielded two clusters of 

positive and negative emotions, I used another scale as a direct question asking about the 

spiritual feeling of the participants. Table 7 shows a positive correlation between the 

spiritual feeling and the positive emotions score (0.834), though the direct spirituality scale 

is not correlated with the negative emotions score. Thus, the spiritual feeling is considered 

a positive emotion and will be evaluated as such.  

Table 7. Correlation Matrix of Computed Positive and Negative Emotions with Spiritual Feeling 
Spiritual Feeling Positive Emotions Negative Emotions 

Spiritual Feeling 1 0.834 -0.028
Positive Emotions 0.834 1 -0.066
Negative Emotions -0.028 -0.066 1 

In conclusion, according to these scores, the spiritual feeling is mainly linked to 

the positive emotions rather than the negative ones. In addition, the expression of the 

positive emotions is much higher than the negative ones. Therefore, in the assessment of 

spirituality I will focus my analysis mainly on the direct spiritual feeling and positive 

emotions and not on the negative ones.  
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The next phase to support the internal validity of the design is to test the 

manipulation checks of the treatments in this study: light treatments (intensity and source) 

and iconography.    

Manipulation Checks of the Experimental Treatments 

In experimental design, manipulations checks are tests used to show if the 

manipulation of the independent variables work (Hoewe 2017). This procedure confirms 

whether the participants perceived, understood, and expressed a reaction to the 

independent variable manipulation as expected13 (Hoewe 2017). Therefore, this test 

demonstrates the internal validity of the experiment. In this study, the manipulation checks 

serve to determine if the light manipulations of intensity and source have worked as 

intended by the researcher. In other words, whether the participants were aware of the 

changes in light that I introduced to the different test conditions. In order to show that, I 

test the sensitivity of the participants to light intensity, the light source, building typology, 

and iconography in the space, then analyze the inter-dependence among these variables.  

Light Intensity 

Light intensity is the key manipulation of the independent variable light. The 

manipulation check for light intensity is critical. There must be a validation that the 

participants of this study were able to notice the change in light intensity in the video of 

the church walkthrough they were exposed to.  To test this effect, a comparison of means 

13 This is done usually prior or independently of whether the variable (experimental factor) has an 
impacted on the main dependent variables of the study.  
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is used with a t-test of Independent Samples where the test dependent variable is Light (as 

perceived by the participants), and the independent grouping variable is light intensity that 

is manipulated in the videos – and varies between bright and dark. This method serves to 

check if the light intensity manipulation is perceived across the entire sample (1186 

participants). Table 8 shows that indeed the manipulation of light intensity in the videos 

was strongly perceived by the subjects [t (1184) = 25.784, p<0.001]. These results confirm 

that the manipulation of light was extremely significant across all the video conditions and 

across the population sample of 1186 participants. Moreover, Figure 40 shows the 

comparison of means affirming light was indeed noticed by the participants more in the 

bright scenario with a mean of M=7.09 than in the dark one with a mean M=4.59.  

These results enable to conclude that light intensity manipulation was highly 

perceived by the participants in the whole sample and across all the conditions. 

Table 8. T-test Light Intensity Manipulation Check 
t-Statistics Degree of Freedom Significance 

Light 25.78 1184 0.00 
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Figure 40. Light Intensity Manipulation Check: Comparison of Means 

Light Source 
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people were exposed only to the lower side window scenario. Figure 41 shows that more 

than half (54%) the participants exposed to the lower side window reported yes to seeing 

the lower windows, however 46% thought it was an upper window. To emphasize that 

more, the comparison of means in Figure 42 demonstrates that more people noticed the 

side windows with M=0.54 than those who reported seeing top windows with M=0.28 

when indeed the videos showed only lower side windows.  

Figures 43 and 44 show the frequencies and comparison of means results for the 

upper side windows conditions. In this case, the majority of the participants (89%) 

reported seeing the top windows and only 11% considered the source to be lower side 

windows. In addition, the comparison of means corroborates to this outcome as more 

people perceived the upper side windows M= 0.89 than the lower side windows M=0.75. 

Nevertheless, these results show a certain level of confusion displayed by the 

participants in differentiating between the lower side and upper side windows. This could 

be due either to the wording of the question not fully comprehended by the participants. 

Or, the fact that participants acknowledged both light sources to be side windows without 

making the distinction between what is upper and what is lower. Since each participant 

was exposed to only one video showing one specific condition of the light source (either 

upper or lower side windows), therefore they were unable to compare what is considered 

upper and what is lower. The results are based on their own interpretation of how the 

window location seemed to them. At the end, the results still confirm that the light source 

manipulation was perceived by the participants, which adds to the internal validity of the 

study.  
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Figure 41. Participants’ Perception of Light Source the Lower Side Window Condition 

Figure 42. Lower Side Windows Condition Comparison of Means 
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Figure 43. Participants’ Perception of Light Source in the Upper Side Window Condition 

Figure 44. Upper Side Windows Comparison of Means 

Building Typology 
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contexts. The ruling opinion for the choice of the two building types to use in this study is 

due to the fact they correspond to buildings that can be found in reality. In addition, the 

choice was contingent on the availability of digital models found online of churches that 

can be used for gaming design.  

Additionally, the choice of these specific churches models was also a function of 

informal judgments from different academicians in architecture as well as experts in 

sacred architecture design.  

Iconography 

The final variable to check for validity consists of the iconography added to each 

church by the researcher. A set of four icons were added in each church. Both buildings 

have an altar, a bible, and candles. The only difference is the presence of a crucifix in BT1 

and a simple cross in BT2. One item in the questionnaire asked the participants “which of 

the following elements were present in the space in the video?” The answer choices given 

were altar, arches, vaults, stained glass, windows, dome, cross, crucifix, candles, Holy 

book/Bible, and pews. The participants had the choice between yes and no for seeing each 

item while watching the video.  

Since only four icons changed in each church, a series of steps were done in order 

to analyze the perception of the religious iconography in the virtual space by the 

participants. First, the four religious icons introduced in each type of church were grouped 

together to form one cluster to test. For building type 1, the grouped icons are: altar, 

crucifix, candles, and bible. In building type 2 the grouped icons are: altar, cross, candles, 

and bible. Second, A comparison of means was performed using each group of icons then 
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used to test if the participants were able to notice the presence of the specific icons or not. 

Figure 45 shows the results for BT1. 

The comparison of means confirms that more people were able to see the icons in 

BT1, M= 3.1. Therefore, the iconography was perceived by the majority of the participants 

in BT1. In addition, the independent sample t-test in Table 9 confirm these results since 

the perception of iconography in BT1 is very significant [t590=28.65, p<0.00].  

Figure 45. Iconography Perception in Building Type 1 

Table 9. Iconography perception in Building Type 1 
t-Statistics Degree of Freedom Sig. (2-tailed) 

Building Type 1 Icons 28.65 596 0.00 

The same analysis is performed on building type 2 with the second group of icons. 
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in Table 10 shows a significance [t590=17.02, p<0.00] for the perception of these icons in 

BT2.  

Figure 46. Iconography Perception in Building Type 1 

Table 10. Iconography Perception in Building Type 2 
t-Statistics Degree of Freedom Sig. (2-tailed) 

Building Type 2 Icons 17.02 590 0.00 

In conclusion, in both building types (1 and 2), the set of icons added were 

perceived by the majority of the participants in the sample. Therefore, the iconography 

manipulation check is positive and has worked as intended by the researcher, which adds 

to the internal validity.  
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Moreover, light interacts with architecture to create the ambiance or the atmosphere of the 

space, therefore, the building architecture and style along with the light have an effect on 

the emotional response and the spiritual experience. This study looks at the effect of light 

mainly in terms of intensity and source, together with the building typology. This 

interaction complies with one of the IES guidelines for lighting design in houses of 

worship which is the architectural or ambient light. As described in the literature review, 

architectural or ambient light can be considered spiritual since it reveals the interior 

architectural features such as the arches, columns, trusses, etc. (Clarahan 2004). 

To analyze these implications, I conducted an analysis of variance that combines 

the three experimental factors for the entire sample of 1186 participants. The findings from 

the ANOVA analysis in Table 11 show several important effects. First, the main effect of 

the light intensity is very significant [F (1, 1186) =684.79, p<0.00] which confirms that 

the manipulation of the intensity has worked. The light source (across all the experimental 

conditions) has an effect on the verge of significance [F (1, 1186) =2.95, p<0.08], which 

is valid since it is more related to the participants opinions about what is considered upper 

and lower side windows. The building typology has a very significant effect on light [F 

(1, 1186) =12.29, p<0.00]. Indeed, BT1 impacted the perception of light M= 6 than BT2 

M= 5.1. Thus, the two main effects of attributes of light and also the building types 

affected the extent of light the participants experienced.   

In addition to the main effects, this table shows the interaction among these 

attributes. The first interaction is the light intensity and light source which is significant 

[F (1, 1186) =6.78, p<0.00]. The graph in Figure 47 shows that more light penetrates from 
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the top or upper side windows than from the lower ones. But in either way, there is lighter 

perceived from both light sources in the bright scenario than in the dark one. The second 

interaction is the light source and building topology which is also very significant [F (1, 

1186) =26.7, p<0.00]. Indeed, Figure 48 shows that BT1 has more light coming from the 

top source than BT2. Vice versa, more light comes from the side windows than the top in 

BT2. Therefore, the interaction is reversed in both building types, however it is stronger 

in BT1. There is no interaction between light intensity and building typology, but the 

interaction between the three light attributes is very significant [F (1, 1186) =7.05, 

p<0.00]. Figure 49 shows this interaction in terms of comparison of means. BT1 has more 

light intensity coming from the top source, whereas more light comes from the side 

windows in BT2. In addition, this interaction shows that the amount of light perceived is 

not only function of the direct treatment of the intensity of light I have varied but is also 

contingent on its source and the type of church used.  

All these results show that the manipulation of light intensity, light source, and 

building typology was highly perceived by the participants, thus the internal validity is 

proved.  

Since I assume that light is the factor that affects spirituality – the fact that more 

light is perceived in BT1 may be a reason that this type or design of the virtual church may 

lead to more experience of spiritualty not just because of the architecture type but by 

indirectly being perceive as a more lit space. 



113 

Table 11. ANOVA Analysis of Light and its Attributes 
Dependent Variable:   Light 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Model 42899.504a 8 5362.438 2016.588 .000 

Light Intensity 1820.991 1 1820.991 684.798 .000 
Light Source 7.857 1 7.857 2.955 .086 

Church Typology 32.706 1 32.706 12.299 .000 

Light Intensity * Light Source 18.039 1 18.039 6.784 .009 

Light Intensity * Church 

Typology 

3.698 1 3.698 1.391 .239 

Light Source * Church 

Typology 

71.015 1 71.015 26.706 .000 

Light Intensity * Light Source 

* Church Typology

18.768 1 18.768 7.058 .008 

Total 46032.000 1186 

Figure 47. Interaction of Light Intensity and Light Source 
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Figure 48. Interaction of Light Source and Building Type 

Figure 49. Interaction of light intensity, source, and building typology 

In conclusion, after analyzing the sample used in the study, and all the 

manipulation checks to show the internal validity of the experiment, I can affirm that all 

the independent variables of light attributes have worked. The next sections will discuss 
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the two main experiments of this research. The first experiment targets the virtual churches 

that contain the additional iconography in the space. The second experiment uses the 

virtual churches without the iconography. In both experiments, I will show the effects of 

the variations of the independent variables of light attributes on the spiritual experience, 

i.e., the spiritual feeling and the positive emotions that were determined earlier to be the

main clusters, as well as the negative emotions. 

Experiment I: Analysis and Discussion 

Experiment I Design 

The main objective of this experiment is to test if the manipulation of the 

independent variables of light intensity, light source, and church typology have an effect 

on the spiritual feeling, positive emotions (PosE), and negative emotions (NegE). This 

experiment focuses on buildings type 1 and type 2 that introduce religious icons in the 

space. For Building Type 1, these icons are presented mainly as an altar, a crucifix, 

candles, and a bible on the altar. For Building Type 2, the icons are a table, a cross, a bible, 

and candles on the side. The reason to start with this experiment emanates from the fact 

that common environments of churches usually include similar religious symbols in the 

space. In addition, such conditions help to determine the effect on virtual scenarios that 

are similar to real life scenarios. This experiment serves to determine whether the 

additional religious icons added to the effect on the spiritual experience.  

Table 12 shows Experiment I design structured as a 2x2x2 in between-groups 

factorial (Methodology chapter).  
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Table 12. Experiment 1 Design 

Building Type 1 Church Type 2 

High Intensity 
of Light 

Low intensity 
of Light 

High Intensity 
of Light 

Low intensity 
of Light 

With 
Iconography 

Source of 
Light: Upper Group 1 Group 2 Group 5 Group 6

Source of 
Light: Lower Group 3 Group 4 Group 7 Group 8

Experiment 1 Hypotheses  

As mentioned in the conceptual model chapter, the hypotheses for this study are: 

Hypothesis 1: Manipulation of light intensity (bright and dark) has an effect on the 

spiritual experience/emotions: the more light (bright space) the more spiritual 

experience/emotions (positive emotions).  

Hypothesis 2: Manipulation of light source (side windows, top windows) has an 

effect on the spiritual experience/emotions. Light coming from the upper windows has 

more effect on the spiritual experience/emotions than the light coming from the side 

windows.     

Hypothesis 3: Building Type in addition to light attributes has an effect on the 

spiritual experience/emotions. There is stronger effect in building type 1 than in building 

type 2.   

Hypothesis 4: Individual characteristics (i.e. religiosity, gender, age, education, 

use of digital tools) have an additional effect on the spiritual experience/emotions.  
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To address these hypotheses, a combination of analysis of variance ANOVA and 

linear regression are used to provide information on the significance of the effect of light 

and its attributes on the spiritual experience in virtual sacred architecture.  

Effect of Light on the Spiritual Feeling, Positive, and Negative Emotions   

The first tests to perform include the independent variables (intensity, source) 

along with building typology in the context where iconography is present in the space seen 

by the participants. Three types of analyses are performed: first, the effect of light on the 

spiritual feeling; second, effect of light on the positive emotions. And finally, the effect of 

light on the negative emotions.  

Effect of Light on the Spiritual Feeling 

To show this effect, an analysis of variance is performed on the spiritual feeling as 

the dependent variable. The ANOVA results in Table 13 show the only significant effects 

on the spiritual feeling are from the light source [F (1,596) = 3.66, p<0.05] and the church 

typology [F (1,596) = 5.41, p<0.02].  
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Table 13. Effect on the Spiritual Feeling in presence of Iconography in the space 
Dependent Variable:   Spiritual Feeling  

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Model 24178.280a 8 3022.285 391.975 .000 

Light Intensity 5.349 1 5.349 .694 .405 

Light Source 28.276 1 28.276 3.667 .056 

Church Typology 41.758 1 41.758 5.416 .020 

Light Intensity * Light Source 7.690 1 7.690 .997 .318 

Light Intensity * Church 

Typology 

13.483 1 13.483 1.749 .187 

Light Source * Church 

Typology 

5.242 1 5.242 .680 .410 

Light Intensity * Light Source 

* Church Typology

.065 1 .065 .008 .927 

a. R Squared = .842 (Adjusted R Squared = .840)

The comparison of means in Table 14 also illustrated in Figure 50 shows that light 

penetrating from the lower side windows M=6.56 has more effect on the spiritual feeling 

than the light penetrating from the top source M=6.12.  

Table 14. Effect of Light Source on Spiritual Feeling 

Dependent Variable:   Spirit Feeling 

Light Source Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Side 6.564 .163 6.244 6.885 

Top 6.128 .159 5.814 6.441 
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Figure 50. Effect of Light Source on Spiritual Feeling 

For the effect of building types, the comparison of means in Figure 51 

demonstrates that participants exposed to BT1 experienced more spiritual feeling M= 6.61 

than those exposed to BT2 M=6.08.  

Figure 51. Effect of Church Typology on Spiritual feeling 
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These results support Hypothesis 3 that building typology, has a positive effect on 

the spiritual feeling, thus the spiritual experience in virtual sacred architecture. However, 

Hypothesis 2 is partially supported. Indeed, light source has an effect on the spiritual 

feeling, but in a reverse way: light coming from the side windows engendered more 

spiritual feeling than the light coming from the top ones.  

Effect of Light on the Positive Emotions 

The analysis of the effect of light on the positive emotions is divided into three 

parts. First the effect on all the positive emotions (awe, hope, joy, peace, comfort) grouped 

together as one cluster. Second, the direct effect on the emotion of Awe. And last, the 

effect on the emotion of hope. The reason I am preforming separate analyses of the effect 

of light on awe and hope comes from the literature. Indeed, awe is a critical emotion 

related to the perception of sacred architecture, especially the reaction to the ambient light 

in the sacred space. Additionally, hope is also related to the religious aspect of the sacred 

building. Therefore, I am assessing the individual effect of light on the direct emotions of 

awe and hope. These individual effects might provide a better understanding of how 

lighting design interacts differently between the different emotional responses.  

1. Effect of Light on all the Positive Emotions

The analysis of variance is performed on the grouped or computed emotions of

awe, hope, joy, comfort, and peace. The ANOVA results in Table 15 show an effect on 

the verge of significance of light intensity on the positive emotions [F (1,596) =3.5, 

p=0.06]. In addition, there is a very significant effect of church typology [F (1,596) =9.03, 
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p<0.003] on the positive emotions. However, there is no reported effect of the light source 

nor the interaction of all the independent variables on the positive emotions.  

Table 15. Effect of Light on Positive Emotions 
Dependent Variable:   positive Emotions 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Model 20794.306a 8 2599.288 432.448 .000 

Light Intensity 21.059 1 21.059 3.504 .062 
Light Source 16.063 1 16.063 2.672 .103 

Church Typology 54.323 1 54.323 9.038 .003 

Light Intensity * Light Source 5.570 1 5.570 .927 .336 

Light Intensity * Church 

Typology 

6.648 1 6.648 1.106 .293 

Light Source * Church 

Typology 

8.170 1 8.170 1.359 .244 

Light Intensity * Light Source 

* Church Typology

.052 1 .052 .009 .926 

a. R Squared = .855 (Adjusted R Squared = .853)

The brighter the inside of the space is, the more positive emotions people sensed 

M=6.00 compared to the darker/dim light intensity M=5.6 (Table 16). These results 

support Hypothesis 1 that light intensity has an effect on the positive emotions felt by the 

users of the virtual sacred architecture. The brighter the space, the more positive emotions. 

Table 16. Effect of Light Intensity on Positive Emotions 
Dependent Variable:   Positive Emotions 

Light Intensity Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Dark 5.684 .146 5.397 5.971 

Bright 6.061 .138 5.789 6.333 
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In addition to the light intensity, there is a very strong significance of the building 

types on the positive emotions. Indeed, the participants reported feeling more positive in 

BT1 M= 6.1 than in BT2 M=5.5 (Table 17). These results support Hypothesis 3 that 

building typology has an effect on the positive emotions in virtual sacred architecture. 

More precisely, BT1 elicits more positive emotions than BT2.  

Table 17. Effect of Building Typology on Positive Emotions 
Dependent Variable:   Positive Emotions 

Church Typology Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Building Type 2 5.570 .145 5.285 5.854 

Building Type 1 6.175 .140 5.900 6.450 

2. Effect of Light on Awe

The analysis of variance is performed on the direct emotion of Awe. The results in

Table 18 show a significant effect of light intensity [F (1, 595) = 3.75, p=0.05] and highly 

significant effect of church typology [F (1, 595) = 24.11, p<0.00] on the Awe expressed 

by the participants. In addition to these two strong effects, there is also an effect on the 

verge of significance of the interaction of light source and church typology [F (1, 595) = 

3.13, p<.07].  
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Table 18. Effect on AWE with the presence of Iconography in the Space 
Dependent Variable:   Awe 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Light Intensity 30.502 1 30.502 3.754 .053 

Light Source .249 1 .249 .031 .861 

Church Typology 195.924 1 195.924 24.111 .000 

Light Intensity * Light Source .168 1 .168 .021 .886 

Light Intensity * Church 

Typology 

.845 1 .845 .104 .747 

Light Source * Church 
Typology 

25.442 1 25.442 3.131 .077 

Light Intensity * Light Source 

* Church Typology

1.036 1 1.036 .127 .721 

Light intensity positively affects awe. The higher the light intensity the more awe 

is felt M= 5.8 than in the space that has low light intensity M= 5.3 (Figure 52). These 

results support Hypothesis 1 that light intensity has an effect on the spiritual experience 

through a positive effect on awe. The brighter the space, the more awe the person feels.  

Figure 53 shows the comparison of means of building typologies. Indeed, BT1 has 

more effect on awe M=6.15 than BT2 M=5.0. These results show that people who were 

exposed to BT1 that similar to the catholic architectural style expressed more awe than the 

ones exposed to the more modest style of BT2. It seems that the catholic typology with 

the additional religious icons’ altar, crucifix, bible, and candles had an awe-inspiring effect 

more than BT2. Thus, these results determine that light intensity and building typology 

are important to consider when designing awe inspiring sacred abuilding in the virtual 

environment.  
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Figure 52. Effect of Light Intensity on Awe 

Figure 53. Effect of Church Typology on Awe 
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other hand, light penetrating from the side presented more effect on awe in BT2 M=5.2 

than when it penetrated from the top windows M=4.7.  

These results demonstrate that the higher the windows in the catholic architectural 

style the more awe people feel in virtual sacred architecture. This empirical result 

constitutes an additional information for designers of sacred spaces, especially for 

churches design like in this case a more catholic typology, to consider placing the windows 

higher than the eye level.  

Conversely, the side light source was more important in the non-Catholic typology 

than the top source. Thus, this constitutes an additional empirical information for the 

design of windows in a different sacred building type, such as the non-Catholic church 

type presented in this study.  

Table 19. Effect of Light Source on Awe 
Dependent Variable:   Awe 

Light Source Church Typology Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Side Building Type 2 5.233 .238 4.765 5.700 

Building Type 1 5.968 .235 5.506 6.430 

Top Building Type 2 4.777 .238 4.310 5.245 

Building Type 1 6.341 .225 5.900 6.783 
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Figure 54. Effect of the Interaction of Light Source and Church Typology on Awe 

3. Effect on Hope

An analysis of variance is performed on the direct emotion of Hope. The results 

in Table 20 show a very strong significance of the effect of light intensity [F (1, 596) = 

3.65, p=0.05] and church typology [F (1, 596) = 7.35, p<0.007] on the feeling of hope.  

However, the results do not show any effect of the interaction of the light 

attributes and the church typology on the feeling of hope.  
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Table 20. Effect of Light on Hope 
Dependent Variable:   Hope 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Model 17760.132a 8 2220.017 274.360 .000 

Light Intensity 29.584 1 29.584 3.656 .056 
Light Source 22.729 1 22.729 2.809 .094 

Church Typology 59.514 1 59.514 7.355 .007 

Light Intensity * Light Source 13.181 1 13.181 1.629 .202 

Light Intensity * Church 

Typology 

14.281 1 14.281 1.765 .185 

Light Source * Church 

Typology 

3.279 1 3.279 .405 .525 

Light Intensity * Light Source 

* Church Typology

2.895 1 2.895 .358 .550 

a. R Squared = .789 (Adjusted R Squared = .786)

The analysis of light intensity effect shows that the brighter the space M=5.64 seen 

by the participants the more hope they felt compared to the darker space M=5.19.  (Table 

21).  

Table 21. Effect of Light Intensity on Hope 
Dependent Variable:   Hope 

Light Intensity Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Dark 5.195 .170 4.862 5.528 

Bright 5.642 .161 5.326 5.957 

In terms of building typology, there is more effect on hope in BT1 M=5.73 than in 

BT2 with M=5.1 (Table 22). This result corroborates with the previous results of the effect 

on awe, the building that resembles a catholic architectural type evokes more awe and 
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more hope for the participants than the second style similar to a non-Catholic design 

(Figure 55).    

Table 22. Effect of Building Typology on Hope 
Dependent Variable:   Hope 

Church Typology Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Building Type 2 5.101 .168 4.772 5.431 

Building Type 1 5.735 .162 5.416 6.054 

Figure 55. Effect of Building Type on Hope 
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light coming from the side windows has more effect in hope than the light coming from 

the top.  

This result might suggest that since the side windows are at eye level and have a 

bigger size, it triggers more hope since more light penetrates through those windows. 

Another plausible explanation might be due to the connection with the outside that is more 

explicit with the bigger side windows rather than the top ones. However, in contrast with 

the previous interpretation, the results show an effect on the verge of significance on awe 

when the light source and building typology interact. This effect is not seen on the hope 

emotion. This effect might be due to the fact that the top light in BT1 creates a more 

dramatic effect that can be considered more awe inspiring, which does not apply to hope. 

In conclusion light attributes have an effect on the positive emotions. The first 

effect on all the positive emotions supports Hypothesis 1 and Hypothesis 3, light intensity 

and building typology increase the positive emotions. Additionally, the effect on the 

individual feeling of awe also supports Hypotheses 1 and 3.   

On the other hand, the effect in hope supports Hypotheses 1 and 3, but rejects 

Hypothesis 2 that states the top light has more effect on the emotions than the side light. 

This can be due to the fact that people did not understand the question regarding the light 

source as it was mentioned above in the light source manipulation check.  

Another plausible explanation is the participants had a subjective interpretation of 

what is considered an upper or a lower window.  
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Effect of Light on the Negative Emotions 

The third analysis addresses the effect of light on the negative emotions of fear, 

sadness, and anxiety. The ANOVA result presented in Table 23 show a strong significance 

of the effect of building typology [F (1,596) =3.97, p<0.04] on the negative emotions felt 

by the participants.  

However, there are no noticed effects of light intensity and light source on the 

negative emotions.  

Table 23. Effect of Light on the Negative Emotions 
Dependent Variable:   negative emotions 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Model 1240.942a 8 155.118 46.157 .000 

Light Intensity .110 1 .110 .033 .856 

Light Source 3.800 1 3.800 1.131 .288 

Church Typology 13.341 1 13.341 3.970 .047 
Light Intensity * Light Source .248 1 .248 .074 .786 

Light Intensity * Church 

Typology 

2.648 1 2.648 .788 .375 

Light Source * Church 

Typology 

9.165 1 9.165 2.727 .099 

Light Intensity * Light Source 

* Church Typology

4.360 1 4.360 1.297 .255 

a. R Squared = .386 (Adjusted R Squared = .377)

Participants reported feeling more negative emotions in BT1 with M=1.5 than in 

BT2 M=1.2 (Table 24). Therefore, these results in addition to the results of the effect on 

the positive emotions above, support Hypothesis 3, that building type 1 has more effect 

on emotions than building type 2.  
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Table 24. Effect of Church Typology on Negative Emotions 
Dependent Variable:   negative emotions 

Church Typology Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Building Type 2 1.274 .108 1.061 1.487 

Building Type 1 1.574 .105 1.368 1.780 

1. Effect of Light on the Emotion Fear

After performing individual analysis of the effect of light on the negative emotions

(fear, sadness, and anxiety) separately, I have noticed that light has an effect mostly the 

emotion of fear. Indeed, Table 25 shows that only the interactions of light source and 

building typology [F (1,596) =4.73, p<0.03] and the interaction of the three independent 

variables has a very significant effect on the feeling of fear [F (1,596) =5.2, p<.02].  

Table 25. Effect of Light on Fear 
Dependent Variable:   Fear 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Light Source * Church 
Typology 

18.431 1 18.431 4.739 .030 

Light Intensity * Light 
Source * Church Typology 

20.252 1 20.252 5.208 .023 

a. R Squared = .312 (Adjusted R Squared = .303)

Figure 55 illustrates this interaction. Participants reported experiencing more fear 

when the light is low (dark scenario) and when the light is penetrating from the side 

windows in building type 1. The others experienced more fear in the dark scenario when 

light is penetrating from the top windows in building type 1.  
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Figure 56. Effect of Light on Fear 

2. Discussion of the Results of the Effect on Negative Emotions

From the results of the effect of light attributes on the negative emotions only

Hypothesis 3 was supported. Indeed, BT1 has more effect on the negative emotions than 

BT2. On the other hand, there were no direct effect of the light intensity nor the light 

source on the negative emotions. Therefore, Hypotheses 1 and 2 are not supported for the 

negative emotions.  

For the individual emotion of fear, the direct effect of the light attributes was not 

significant, thus Hypotheses 1, 2, and 3 were not supported for the fear. On the other hand, 

the results show that the interaction of the three attributes created an effect on one negative 

emotion, which is fear. Indeed, people experienced more fear when the space is dim, and 

when the windows are on the side in BT1.  
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One plausible interpretation for these results is that the side windows in BT1 are 

formed of stained-glass showing images of saints, so in the dark scenario people did not 

see the saints nor the space very clearly which created a more somber ambiance. This 

ambiance created by low light intensities triggered more fear in people in Building Type 

1. For Building Type 2, the top windows were much smaller than the side windows. Since

people previously reported experiencing more positive emotions in BT2 when light enters 

from the side windows, it is logical that they felt more fear when the light was coming 

from the top windows.  

However, there are two important observation that should be taken into 

consideration: the experience of negative emotions throughout all the conditions provided 

much smaller values than the positive emotions. For example, the mean for negative 

emotions was M=1.5 compared to M=6 for the positive ones. Therefore, the participants 

did not experience as much negative emotions as they did for the positive ones. In addition, 

from the measurement of spirituality described in the internal validity section, the negative 

emotions were not strongly correlated with the spiritual feeling as the positive emotions 

were. Therefore, the negative emotions experienced in the study do not hold a strong 

importance as the positive ones and the direct spiritual feeling.  

Thus, the next section analyzing the additional variables (religiosity, age, gender, 

etc.) will only focus on the spiritual feeling and the positive emotions and not the negative 

emotions.  
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Effects of Additional Variables on Emotions: Regression Analysis and Discussion  

This part of the analysis for Experiment I reports the regression models used to 

assess the effect of the individual characteristics of religiosity, age, gender, education, and 

use of digital tools to practice religion, on the spiritual experience (emotions) in virtual 

sacred architecture in the context of the experimental factors. In this section a total of 12 

linear regression models are analyzed in R Studio.  The results are reported as regression 

tables and show the regression coefficient and the levels of statistical significance Pr (> 

|t|). The regression coefficient (estimate) describes the direction and size of the 

relationship between the predictor (i.e. light intensity, light source, etc.) and the dependent 

or response variable (i.e. spiritual feeling, positive emotions).  

The sign of the coefficient (- or +) determines if the correlation between the IV 

and the DV is positive or negative. Therefore, a positive coefficient indicates a positive 

correlation: if the IV increases, the mean of the response (DV) also increases. Conversely, 

a negative coefficient indicates that if the IV increases the DV tends to decrease instead.   

The P value shows the significance of the relationship between the independent 

and dependent variables. If p <0.05 there is a statistically significant relationship between 

the IV and DV.  

The first model is the spiritual feeling model that indicates the effect of light 

attributes (intensity and source) on the spiritual feeling.  

The full model equation combines all the independent variables and their interactions.  
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Equation 1 Regression Model for Spiritual Feeling 

 !"#$#%&'(	*++(#,-	 = 		 /0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 +	/=	1#-ℎ%	3,%+,4#%5 ∗ 1#-ℎ%	!8&$9+ +	/?	1#-ℎ%	3,%+,4#%5 ∗

;ℎ&$9ℎ	<5"8(8-5 +		/@	1#-ℎ%	!8&$9+ ∗ ;ℎ&$9ℎ	<5"8(8-5 +	/A	1#-ℎ%	3,%+,4#%5 ∗

1#-ℎ%	!8&$9+ ∗ ;ℎ&$9ℎ	<5"8(8-5 + 	B 

This model allows an exploration of how the individual light attributes and their 

interactions affected the spiritual feeling of the participants watching the video. In addition 

to the ANOVA results in Table 13, the regression analysis provides further insight into 

the studied effect. The results of the regression are presented in Table 26.  

Like the ANOVA, the regression analysis shows an evidence that Hypothesis 3 is 

supported but Hypothesis 2 is rejected. There is indeed an individual influence of the 

attribute of light source and building typology on the spiritual feeling. These results 

confirm the ANOVA results stated earlier for Experiment 1. However, there is no effect 

of the light intensity nor the interaction of all the independent variables on the spiritual 

feeling.  

The results show that light coming from the top windows induces less spiritual 

feeling than the side windows (p<0.05). And BT1 triggers more spiritual feeling than BT2 

(p<0.02). Hypothesis 2 is not supported since the top light source does not have a positive 

effect on the spiritual feeling compared to the side source, on the contrary the top windows 

decreased that feeling. On the other hand, Hypothesis 3 is supported, since BT1 increased 

the spiritual feeling.  
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Table 26. Regression Table of the effect of Light on the Spiritual Feeling 

Coefficients: 

Estimate Std. Error t value   Pr(>|t|)    

Light Intensity 0.09498    0.11404   0.833   0.4052    

Light Source1 -0.21838    0.11404 -1.915    0.0560. 
Church Typology1 0.26538    0.11404   2.327   0.0203 *  
Light Intensity1:Light Source1 0.11388    0.11404   0.999   0.3184    

Light Intensity1:Church Typology1 0.15080    0.11404   1.322   0.1866    

Light Source1:Church Typology1 0.09403    0.11404   0.825   0.4100    

Light Intensity1:Light Source1:Church Typology1  0.01047    0.11404   0.092   0.9269    

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Figure 57. Experiment 1 Spiritual Feeling Model Coefficients 
 with 95% Confidence Intervals 
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Figure 57 shows the regression coefficients. Those coefficients are the direct 

influence of the experimental factors (intensity, source, building type) on the spiritual 

feeling.  

The second regression model shows the effect of light attributes and their 

interactions on the positive emotions.  

Equation 2 Regression Model for Positive Emotions 

 C84#%#D+	EF8%#8,4 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 +	/=	1#-ℎ%	3,%+,4#%5 ∗ 1#-ℎ%	!8&$9+ +	/?	1#-ℎ%	3,%+,4#%5 ∗

;ℎ&$9ℎ	<5"8(8-5 +		/@	1#-ℎ%	!8&$9+ ∗ ;ℎ&$9ℎ	<5"8(8-5 +	/A	1#-ℎ%	3,%+,4#%5 ∗

1#-ℎ%	!8&$9+ ∗ ;ℎ&$9ℎ	<5"8(8-5 + 	B 

The regression results in Table 27 show a strong significant effect of the church 

typology on the positive emotions (p<0.002), however there are no effects of the light 

intensity or the light source on those emotions. In addition, there were no effects of the 

interactions of the attributes on the positive emotions.  

These results confirm Hypothesis 3 that BT1 increased the positive emotions. 

Figure 57 also confirms these results.  



138 

Table 27. Regression Table of Effect of Light on Positive Emotions 

Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

Light Intensity 0.188461   0.100685   1.872  0.06173 .  

Light Source1 -0.164595   0.100685  -1.635  0.10263

Church Typology 0.302689   0.100685   3.006  0.00276 ** 
Light Intensity1:Light Source1 0.096926   0.100685   0.963  0.33611    

Light Intensity1:Church Typology1 0.105890   0.100685   1.052  0.29337    

Light Source1:Church Typology1   0.117387   0.100685   1.166  0.24413    

Light Intensity1:Light Source1:Church Typology1  0.009373   0.100685   0.093  0.92586    

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

Figure 58. Experiment 1 Positive Emotions Model Coefficients 
with 95% Confidence Intervals 
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The regression analyses for spiritual feeling and positive emotions were performed 

to serve as a comparison of the effects of the introduced characteristics variables. 

Therefore, the next models introduce specific variables to analyze the effect of light 

attributes on the spiritual experience/emotions. These variables act as independent 

variables added to the model to increase the accuracy of the results and to give a possible 

explanation for the effect of light attributes on the spiritual experience and if they are 

changed or influenced by these additional variables.  

Hypothesis 4 states that individual characteristics of the participants like level of 

religiosity, gender, age, education, ethnicity, and use of digital tools to pray or mediate 

have an additional effect on the spiritual experience/emotions. Therefore, I am applying 

regression models to each of these variables to check whether they added to the effect of 

light on the spiritual experience.  

The third model of this experiment introduces the variable of religiosity. This 

variable assesses on a scale from 0-10 how much the participants consider themselves to 

be religious. Equation 3 shows the spiritual feeling of the light attributes and the religiosity 

variable.  

Equation 3 Regression Model for Spiritual Feeling and Religiosity 

!"#$#%&'(	*++(#,-	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	G+(#-#84#%5 + 	B 

The regression results in Table 28 show that religiosity has a very strong effect on 

the spiritual feeling (p<0.0001). Indeed, the more religious the participants the higher their 

spiritual feeling becomes. In addition, the effects of light source and building typology on 
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the spiritual feeling presented in model 1 are confirmed once more with the religiosity 

effect. However, the religiosity variable seems to increase the effect of light source on the 

spiritual experience. The more religious people are, the less spiritual feeling they have 

from the top windows (p<0.03).  

Though, the difference is not very big, therefore, the level of religiosity did not 

change the effect of light on the spiritual feeling.  

Table 28. Regression of the effect of Religiosity on Spiritual Feeling 

Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.10592    0.10840   0.977   0.3289    

LightSource1    -0.23557    0.10835  -2.174   0.0301 *

ChurchTypology1  0.24340    0.10841   2.245   0.0251 *  

Religiosity      0.34381    0.04361   7.885   0.00001 *** 

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

The fourth model also introduces the variable religiosity to check the effect on the 

positive emotions.   

Equation 4 Regression Model for Positive Emotions and Religiosity 

C84#%#D+	EF8%#8,4		 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 +	/=	G+(#-#84#%5 + 	B 

The regression results in Table 29 confirm the hypotheses (1, 3, and 4) of this 

study. In fact, religiosity presents a very strong effect on the positive emotions (p<0.000), 

the more religious the participants are, the more positive emotions they felt while watching 

the virtual churches videos. Additionally, there are positive correlation between the light 

intensity and church typology on the positive emotions. The brighter the space the more 
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positive emotions felt (p<0.03) and BT1 evoked more positive emotions than in BT2 

(p<0.003). However, there is a negative correlation between the light source and positive 

emotions. Indeed, the light coming from the top windows had less effect on the positive 

emotions than the side ones (p<0.06).  

These results confirm once more that although religiosity has a strong effect on the 

positive emotions, it did not change the way the participants reacted to the light intensity, 

source, and building typology. Therefore, the level of religiosity does not intervene with 

the effect of the experimental factors.   

Table 29. Regression of the effect of Religiosity on Positive Emotions 

Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.19723    0.09550   2.065  0.03934 *  

LightSource1    -0.17939    0.09546  -1.879  0.06069 .

ChurchTypology1  0.28197    0.09551   2.952  0.00328 ** 

Religiosity      0.30966    0.03842   8.061  0.00001 *** 

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

The next variable to test is age. New regression models are created, following the 

previous models for religiosity, to assess the effect of age along with the light attributes 

on the spiritual feeling and the positive emotions. Model 5 incorporates the individual 

light attributes, intensity and source, the building typology, and age.  

Equation 5 Regression Model for Spiritual Feeling and Age 

 !"#$#%&'(	*++(#,-	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	H-+	 + 	B 
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The results in Table 30 report an effect of age on the spiritual feeling (p<0.05). 

The older the participants are the more spiritual feeling they experience. Similar to 

religiosity, age did not change the effect of light source and building typology on the 

spiritual experience. Therefore, age does not intervene in the way people reacted to the 

light attributes.  

Table 30. Regression of the effect of Age on Spiritual Feeling 

Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.10722    0.11362   0.944   0.3457    

LightSource1    -0.21204    0.11351  -1.868   0.0623 .

ChurchTypology1  0.29390    0.11392   2.580   0.0101 *  

Age              0.17062    0.08908   1.915   0.0559 . 

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

The same effect is analyzed for the positive emotions. 

Equation 6 Regression Model for Positive Emotions and Age 

 C84%#D+	EF8%#8,4	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	H-+	 + 	B	

The regression results in Table 31 show that age does not have any effect on the 

positive emotions. Although there was no effect on these emotions, age did not interfere 

with the effect of light intensity and building typology on the positive emotions that 

remained the same regardless of the age. Therefore, Hypothesis 4 of the effect of age 

characteristic on the spiritual experience is supported.   
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Table 31. Experiment 1 Regression Results for Age and Positive Emotions 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.19780    0.10041   1.970  0.04931 *  

LightSource1    -0.15770    0.10031  -1.572  0.11643

ChurchTypology1  0.32465    0.10067   3.225  0.00133 ** 

Age 0.12707    0.07872   1.614  0.10700    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

The next variable to test is gender. The new model includes gender along with the 

light attributes.  

Equation 7 Regression Model for Spiritual Feeling and Gender 

 !"#$#%&'(	*++(#,-	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	I+,J+$ + 	B 

In Table 32, a strong effect is observed of gender on the spiritual feeling (p<0.02). 

Indeed, the correlation is positive, females experienced more spiritual feelings than men. 

In addition, gender did not change the effect if light source and building typology on the 

spiritual feeling.  

Table 32. Experiment 1 Regression Results for Gender and Spiritual Feeling 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1   0.1053     0.1135   0.928   0.3539    

LightSource1     -0.2200     0.1135  -1.939   0.0529 .

ChurchTypology1   0.2770     0.1134   2.443   0.0149 *  

Gender            0.5259     0.2314   2.273   0.0234 *  

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

The same effect analysis is performed on gender and positive emotions. 
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Equation 8 Regression Model for Positive Emotions and Gender 

 C84#%#D+	EF8%#8,4	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	I+,J+$	 + 	B 

The regression results in Table 33 also detect a strong significance of gender on 

the positive emotions (p<0.02). Females express more positive emotions when watching 

the walkthrough of the virtual church. Similarly, to the spiritual feeling, gender did not 

change the effect of light intensity and building typology on the positive emotions.  

 Therefore, gender has a strong effect on both the spiritual feeling and the positive 

emotions. Females felt more spiritual than males in the virtual church. In conclusion, 

Hypothesis 4 for gender is supported.  

Table 33. Experiment 1 Regression Results for Gender and Positive Emotions 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1   0.1966     0.1002   1.962  0.05027 .  

LightSource1     -0.1649     0.1002  -1.646  0.10026

ChurchTypology1   0.3122     0.1001   3.118  0.00191 ** 

Gender            0.4517     0.2043   2.211  0.02744 *  
--- 
Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

The next variable is education. From the regression results, there is no observed 

direct effect of education on the spiritual feeling. In addition, the effect of the light source 

and church typology on the spiritual feeling did not change. Thus, education did not have 

an effect on the spiritual feeling but did not change the other effect of the attributes of light 

on the spiritual feeling. Similarly, there was no noticeable effect of education on the 

positive emotions which also did not change the effects of light intensity and building type 

on the positive emotions.  
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These results do not support Hypothesis 4 for education effect on the spiritual 

experience in Experiment 1.  

The model introducing the use of digital religion consists mainly of the effect of 

the use of digital tools to pray or mediate in order to attain a higher spiritual level on the 

spiritual experience after watching the virtual walkthrough of the two churches in this 

experiment. Similar to the previous analyses, two regression models are tested: one for the 

effect of use of digital religion on spiritual feeling and the other one on the positive 

emotions.  

Equation 9 Regression Model for Spiritual Feeling and Digital Religion 

 !"#$#%&'(	*++(#,-4	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	K#-#%'(	G+(#-#8, + 	B 

The regression results in Table 34 show a strong effect of the use of digital tools 

on the spiritual feeling (p<0.002). Indeed, the more the participants use digital tools to 

pray or meditate, the more the spiritual feeling they experienced while watching the virtual 

churches. However, the use of digital tools to pray or meditate changed the effect of light 

source on the spiritual feeling, which in this case was absent. People using digital religion 

did assume that the light source had an effect on their spirituality. On the other hand, they 

considered the building typology to have more effect (p=0.01). Indeed, they felt more 

spiritual in BT1 than in BT2, which supports Hypothesis 3.  
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Table 34. Experiment 1 Regression Results for Use of Digital Religion and Spiritual Feeling 
Coefficients: 

Estimate Std. Error t value Pr(>|t|) 

LightIntensity1  0.09959    0.11309   0.881  0.37888 

LightSource1    -0.18351    0.11329  -1.620  0.10580

ChurchTypology1  0.28242    0.11303   2.499  0.01274 * 

UseDigitalTool   0.76455    0.25266   3.026  0.00259 ** 

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

The next model checks the effect of the use of digital tools to pray or mediate on 

the positive emotions of the participants.  

Equation 10 Regression Model for Positive Emotions and Digital Religion 

 C84#%#D+	EF8%#8,4	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	K#-#%'(	G+(#-#8, + 	B 

The results in Table 35 acknowledge a strong effect of the use of digital tools to 

pray or mediate on the positive emotions of the participants in this study (p<0.001). As 

stated above for the spiritual feeling effect, the more people use digital tools for religious 

practices the more positive emotions they feel. Furthermore, the use of digital tools did 

not change the effect of the light intensity and the building types on the positive emotions. 

Indeed, the higher the light intensity the more positive emotions felt (p<0.01). 

Additionally, BT1 has more effect on the positive emotions (p<0.004).  

In conclusion, the effect of using digital tools to pray or mediate is strong on both 

the spiritual feeling and the positive emotions, thus confirms Hypothesis 4 for use of 

digital religion.  
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Table 35. Experiment 1 Regression Results for Use of Digital Religion and Positive Emotions 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.19137    0.09974   1.919  0.05551 .  

LightSource1    -0.13149    0.09992  -1.316  0.18867

ChurchTypology1  0.31738    0.09969   3.184  0.00153 ** 

UseDigitalTool   0.71908    0.22283   3.227  0.00132 ** 

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

Two additional models are added to check the effects of all the previous variables 

together on the spiritual feeling and the positive emotions. The models include the light 

attributes, the building types, and each of the variables of religiosity, age, gender, 

education and use of digital religion. In addition to these variables, I added another one 

that represents the level of spiritual beliefs of the participants. This variable is very similar 

to the religiosity variable as it asks the users to what extent do they have spiritual beliefs 

on a scale from 0 to 10.  

The equation for model 11 shows all the attributes and all the additional variables 

mentioned above.  

Equation 11 Regression Model for Spiritual Feeling and All the Covariates 

 !"#$#%&'(	*++(#,-4	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	G+(#-#84#%5 + /?	H-+ +	/@	I+,J+$ +	/@	EJ9&'%#8, +

	/A	K#-#%'(	G+(#-#8, +		/L	!"#$#%&'(	M+(#+N4 + 		B 

The results in Table 36 show only the variable religiosity and spiritual beliefs have 

a strong effect on the spiritual feeling.  Indeed, the effect of religiosity is (p<0.0004), and 

the spiritual beliefs (p<0.03) on the spiritual feeling. There is also a significant effect of 

the light source (p<0.02) and the building type (p<0.02). However, there are no effects 
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age, gender, education or the use of digital tools on the spiritual feeling in this model. In 

addition, none of these variables changed the initial effect of light source and building 

typology on the spiritual feeling.  

Therefore, I can deduct that not all the additional characteristics add to the effect 

of the spiritual experience in virtual sacred architecture. The major effect comes mainly 

from the level of religiosity, the more religious the participants are the more spiritual 

feeling they experience in the virtual church. 

Table 36. Experiment 1 Regression Results for all the Covariates and Spiritual Feeling 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

ChurchTypology1   0.25002    0.10859   2.302 0.021664 *

LightIntensity1   0.10934    0.10815   1.011 0.312412    

LightSource1 -0.23707    0.10862  -2.183 0.029467 *

Religiosity 0.22554    0.06367   3.542 0.000429 *** 

Age 0.08092    0.08650   0.935 0.349944    

Gender 0.13224    0.22658   0.584 0.559701    

Education -0.05737    0.08401 -0.683 0.494938

UseDigitalTool    0.37471    0.24736   1.515 0.130348    

SpiritualBeliefs  0.14632    0.07141   2.049 0.040897 *
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Figure 59. Experiment 1 Spiritual Feeling Model Coefficients 
with 95% Confidence Intervals 

In model 12, the same variables are tested to check their effect on the positive 

emotions.  

Equation 12 Regression Model for Positive Emotions and All the Covariates 

C84#%#D+	*++(#,-4	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	G+(#-#84#%5 + /?	H-+ +	/@	I+,J+$ +	/@	EJ9&'%#8, +

	/A	K#-#%'(	G+(#-#8, +		/L	!"#$#%&'(	M+(#+N4 + 		B 

The regression results presented in Table 37 show again a very strong effect of 

religiosity on the positive emotions (p<0.0001), but contrary to the spiritual feeling, the 

spiritual beliefs did not yield any significant effect on the positive emotions. Another 

effect on the verge of significance is shown for the use of digital religion on the positive 
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emotions (p=0.09). However, none of these variables changed the effect of the light 

attributes on the positive emotions.  

Table 37. Experiment 1 Regression Results for all the Covariates and Positive Emotions 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

ChurchTypology1   0.28626    0.09579   2.988  0.00292 ** 

LightIntensity1   0.19721    0.09540   2.067  0.03916 *  

LightSource1     -0.17909    0.09581  -1.869  0.06211 .

Religiosity 0.22409    0.05617   3.990  0.00001 *** 

Age 0.05331    0.07630   0.699  0.48502    

Gender 0.10761    0.19986   0.538  0.59050    

Education  -0.07162    0.07411  -0.966  0.33424

UseDigitalTool    0.37027    0.21819   1.697  0.09023 .  

SpiritualBeliefs  0.09974    0.06299   1.583  0.11385    

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

Figure 60. Experiment 1 Positive Emotions Model Coefficients 
with 95% Confidence Intervals 
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Conclusion of Experiment 1 Results 

To summarize the results for experiment 1 that presents virtual churches with 

religious iconography, both Hypotheses 1 and 3 were supported. Indeed, for Hypothesis 

1, light intensity has an effect on the spiritual experience. This effect is perceived on the 

positive emotions, as well as on the individual emotions of awe and hope. The more light 

in the space, the more the participants felt the positive emotions (awe, hope, joy, peace, 

and comfort). Therefore, in order to enhance the spiritual experience, designers of virtual 

churches that serve for worship should introduce more light in the space.  

For Hypotheses 3, the building typology has also an effect on the spiritual 

experience in the virtual context. Indeed, building type 1 that has the characteristic design 

of a Catholic church elicited more effect on both the spiritual feeling and the positive 

emotions. Therefore, designers of virtual churches should consider designing more 

architecturally awe-inspiring spaces. This effect might be due to the cross plan of the 

church as well as the verticality. In addition, the presence of the crucifix in the apse along 

with the large stained-glass windows might have added to the spirituality experienced by 

the participants.  

On the other hand, Hypothesis 2 was not supported by the results of this study. 

Indeed, a reversed effect happened. The light coming from the top source has a lesser 

effect on the spiritual experience than the light coming from the side, which yielded a 

stronger effect. This result might be due to the confusion in clearly differentiating between 

what is upper and a lower side window. Additionally, each participant might have a 

subjective opinion of what is considered a top window. As the literature shows it, people 
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perceived top windows to be similar to an oculus in the ceiling. However, the design 

chosen for this experiment does not offer the possibility to add such a light source. This 

option can be added in a further study about the effect of light source on the spiritual 

experience in a virtual church.   

Hypothesis 4 for the additional characteristics was supported mostly for religiosity, 

age, gender, and use of digital tools to pray or meditate but was not supported for 

education.14 The more religious and the older people are, the more spirituality they 

experienced in the virtual church. In addition, females experienced a stronger spiritual 

experience than males. This result confirms the census that females are more spiritual than 

male. Indeed, a research done in 2017 shows that more females identify themselves as 

spiritual than males (Lipka and Gecewicz 2017).  

Research in spirituality and well-being also showed similar results, as females had higher 

spirituality scores than males  (Hammermeister et al. 2005; Simpson et al. 2008).  

The effect of the practice of digital religion also confirms that more effect on the 

spiritual experience in the virtual sacred environment is experienced by the participants 

who were familiar with using digital tools to pray or meditate.  

After analyzing the effect of light attributes on the spiritual experience in 

experiment 1, the next section focuses on the same analysis of effect in experiment 2 which 

does not present religious icons in the virtual space.  

14 It should be noted that the introduction of the individual variables did not change the directions or effects 
of the experimental treatments (intensity and source). 
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Experiment II: Analysis and Discussion 

Experiment II Design 

The main objective of this experiment is to test if the manipulation of the 

independent variables of light intensity, light source, and church typology have an effect 

on the direct spiritual feeling, positive emotions (PosE) and negative emotions in the 

context of no iconography in the space.  For this experiment, the focus is on the churches 

that do not contain the added religious icons (cross/crucifix, altar, Bible, and candles) 

inside the space (Methodology chapter).  

Similar to Experiment 1, two type of analyses are performed. First, the statistical 

process is based on the analysis of variance, ANOVA, in SPSS. Second, a regression 

analysis is performed using R software.  

Table 38 shows Experiment 2 design structured as a 2x2x2 in between-groups 

factorial design. 

Table 38. Experiment 2 Design 

Building Type 1 Building Type 2 

High Intensity 
of Light 

Low intensity 
of Light 

High Intensity 
of Light 

Low intensity 
of Light 

Without 
Iconography 

Source of light: 
Upper Group 1 Group 2 Group 5 Group 6

Source of light: 
Lower Group 3 Group 4 Group 7 Group 8
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Experiment 2 Hypotheses 

As mentioned in the conceptual model chapter, the hypotheses for this experiment 

are: 

Hypothesis 1: Manipulation of light intensity (bright and dark) has an effect on the 

spiritual experience/emotions: the more light (bright space) the more spiritual 

experience/emotions (positive emotions).  

Hypothesis 2: Manipulation of light source (side windows, top windows) has an 

effect on the spiritual experience/emotions. Light coming from the upper windows has 

more effect on the spiritual experience/emotions than the light coming from the side 

windows.     

Hypothesis 3: Building Type in addition to light attributes has an effect on the 

spiritual experience/emotions. There is stronger effect in building type 1 than in building 

type 2.   

Hypothesis 4: Individual characteristics (i.e. religiosity, gender, age, education, 

use of digital tools) have an additional effect on the spiritual experience/emotions.  

Effect of Light on the Spiritual Feeling, Positive, and Negative Emotions  

In order to assess the effect of the independent variables (intensity, source, and 

typology) on the spiritual feeling, positive and negative emotions, an analysis of variance 

ANOVA is used. 

Effect of Light on the Spiritual Feeling 

In Experiment 2, the ANOVA results show that none of the experimental factors 

(light intensity, light source and church type) have an effect on spiritual feeling. In 
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addition, no effect of the interaction of all the light attributes on the spiritual feeling was 

observed. Therefore, all the hypotheses for the effect of light attributes on the spiritual 

feeling are not supported in the virtual churches that do not contain iconography.  

These results suggest that iconography played an important role in evoking the 

spiritual feeling.  

Effect Light on the Positive Emotions 

1. Effect of Light on all the Positive Emotions

The ANOVA analysis in Table 39 shows the only and main effect on the verge of

significance is the light intensity [F (1,590) = 3.544, p<0.06]. Indeed, the brighter the space 

the more positive emotions are felt (M=5.71) compared to lower intensity of light (M=5.3) 

(Table 40). On the other hand, the light source and building typology have no direct effect 

on the positive emotions. Moreover, there are no effects shown from the interaction 

between the light attributes.  

Therefore, high light intensity in the space provokes more positive emotions. 

These results are similar to Experiment 1. Therefore, the presence or not of religious 

iconography in the space did not change the effect of the light intensity on the positive 

emotions. In both cases, the higher the intensity the more positively the participants 

experienced the virtual churches.  
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Table 39. Effect of Light on the Positive Emotions 
Dependent Variable:   Positive Emotions 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Model 18045.539a 8 2255.692 356.349 .000 

Light Intensity 22.430 1 22.430 3.544 .060 
Light Source 7.014 1 7.014 1.108 .293 

Church Typology 1.674 1 1.674 .264 .607 

Light Intensity * Light Source .451 1 .451 .071 .790 

Light Intensity * Church 

Typology 

1.727 1 1.727 .273 .602 

Light Source * Church 

Typology 

13.530 1 13.530 2.138 .144 

Light Intensity * Light Source 

* Church Typology

10.175 1 10.175 1.607 .205 

a. R Squared = .830 (Adjusted R Squared = .828)

Table 40. Effect of Light Intensity on the Positive Emotions 
Dependent Variable:   Positive Emotions 

Light Intensity Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

Dark 5.321 .147 5.034 5.609 

Bright 5.712 .147 5.424 6.000 

2. Effect of Light on Awe

The same way as in Experiment 1, an analysis of the effect of light on awe is

performed. Table 41 shows that light intensity has a small effect on the verge of 

significance on the feeling of awe [F (1,590) = 2.75, p=0.09]. More light in the space 

provoked more awe M=5.34 (Table 42). However, the effect is less than in Experiment 1 

where the iconography added to the effect of awe in addition to the architecture.  
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The second main effect detected is the building type. The type of church 

architecture has a strong effect on the feeling of awe [F (1,590) = 3.99, p<0.04]. Similarly, 

with Experiment 1, BT1 has more effect on the feeling of awe than BT2. Therefore, this 

effect is also valid for Experiment 2 without the iconography. There is no direct effect of 

light source on awe in Experiment 2. However, the third effect resulted from the 

interaction between light source and building types. Although this effect is on the verge 

of significance [F (1,590) = 3.53, p<0.06],  

Figure 56 shows that the light coming from the top source has more effect in BT1 

M=5.58, in contrast to BT2 where the light coming from the side windows yields more 

effect on awe M=5.15.  

Table 41. Experiment 2 Effect of Light on Awe 
Dependent Variable:   Awe 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Model 16076.577a 8 2009.572 244.607 .000 

Light Intensity 22.623 1 22.623 2.754 .098 

Light Source .139 1 .139 .017 .897 

Church Typology 32.779 1 32.779 3.990 .046 

Light Intensity * Light Source .004 1 .004 .000 .982 

Light Intensity * Church 

Typology 

1.634 1 1.634 .199 .656 

Light Source * Church 
Typology 

29.038 1 29.038 3.535 .061 

Light Intensity * Light Source 

* Church Typology

11.764 1 11.764 1.432 .232 

Error 4781.423 582 8.216 

Total 20858.000 590 
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Table 42. Experiment 2: Effect of Light Intensity on Awe 
Dependent Variable:   Awe 

Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

4.952 .164 4.630 5.275 

5.342 .164 5.020 5.665 

Figure 61. Effect of Light Source and Building Typology on Awe 

Though the analysis shows there is an effect of light on the positive emotions and 

awe, there is no effect observed of light on the feeling of hope in Experiment 2. In addition, 

the analysis of the effect on the negative emotions did not yield any significance of the 

light attributes or their interactions.  

In conclusion, when the iconography is absent in the space, the effect of light on 

the spiritual experience decreases. Indeed, there is no effect on the direct spiritual feeling, 

the individual emotion of hope, nor the negative emotions. The effect is seen mostly on 
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the positive emotions and awe. The results for experiment 2 support Hypotheses 1 and 3 

for the positive emotions.  

Effects of Individual Variables on Emotions: Regression Analysis and Discussion  

This part reports the regression models used to assess the effect of light on the 

spiritual feeling and positive emotions, when additional variables like religiosity, faith, 

age, gender, education, and use of digital tools to practice religion are introduced. In this 

section a total of 11 linear regression models are analyzed in R Studio.   

The results are reported as regression tables that show mainly the regression 

coefficient and significance. Following the same process as Experiment 1, the first model 

is the spiritual feeling model indicating the effect of light attributes (intensity and source) 

on the spiritual feeling.  

Equation 13 Regression Model for Spiritual Feeling 

!"#$#%&'(	*++(#,-	 = 		 /0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 +	/=	1#-ℎ%	3,%+,4#%5 ∗ 1#-ℎ%	!8&$9+ +	/?	1#-ℎ%	3,%+,4#%5 ∗

;ℎ&$9ℎ	<5"8(8-5 +		/@	1#-ℎ%	!8&$9+ ∗ ;ℎ&$9ℎ	<5"8(8-5 +	/A	1#-ℎ%	3,%+,4#%5 ∗

1#-ℎ%	!8&$9+ ∗ ;ℎ&$9ℎ	<5"8(8-5 + 	B  

The regression results in Table 43 show there is no effect of the light attributes on 

the spiritual feeling, which confirms the ANOVA results presented above.    
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Table 43.  Experiment 2 Regression Table for Spiritual Feeling 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1 0.12091    0.11798   1.025    0.306    

LightSource1 0.16131    0.11798   1.367    0.172   

ChurchTypology1 0.04328    0.11798   0.367    0.714    

LightIntensity1:LightSource1 0.02924    0.11798   0.248    0.804    

LightIntensity1:ChurchTypology1 -0.02878    0.11798  -0.244    0.807 

LightSource1:ChurchTypology1 0.14209    0.11798   1.204    0.229    

LightIntensity1:LightSource1:ChurchTypology1  0.10561    0.11798   0.895    0.371    

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

An additional regression model assesses the effect of light on the positive emotions. 

Equation 14 Regression Model for Positive Emotions 

C84#%#D+	EF8%#8,4 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 +	/=	1#-ℎ%	3,%+,4#%5 ∗ 1#-ℎ%	!8&$9+ +	/?	1#-ℎ%	3,%+,4#%5 ∗

;ℎ&$9ℎ	<5"8(8-5 +		/@	1#-ℎ%	!8&$9+ ∗ ;ℎ&$9ℎ	<5"8(8-5 +	/A	1#-ℎ%	3,%+,4#%5 ∗

1#-ℎ%	!8&$9+ ∗ ;ℎ&$9ℎ	<5"8(8-5 + 	B  

The results in Table 44 shows only the effect of light intensity on the positive 

emotions (p<0.06), which is also confirms the previous ANOVA analysis. This effect is 

positive demonstrating that the more lit the space is the more positive emotions are 

experienced.  
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Table 44. Experiment 2 Regression Table for Positive Emotions 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1 0.19520    0.10370   1.882   0.0603 .  

LightSource1 0.10916    0.10370   1.053   0.2929    

ChurchTypology1 0.05333    0.10370   0.514   0.6072  

LightIntensity1:LightSource1 -0.02767    0.10370  -0.267   0.7897

LightIntensity1:ChurchTypology1 -0.05416    0.10370  -0.522   0.6017

LightSource1:ChurchTypology1 0.15161    0.10370   1.462   0.1443   

LightIntensity1:LightSource1:ChurchTypology1  0.13147    0.10370   1.268   0.2054    

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

The next models introduce the same variables used in Experiment 1 to analyze the 

effect of the light attributes on the spiritual experience/emotions. As explained above, 

these variables act as independent variables added to the model to increase the accuracy 

of the results and to give a possible explanation of the effect of the light attributes on the 

spiritual experience. The added covariates help to check if Hypothesis 4 is valid. 

Regression models are applied to each of these variables to check if they added to the 

effect of light on the spiritual experience. The first model introduces the variable of 

religiosity.  

Equation 15 Regression Model for Spiritual Feeling and Religiosity 

 !"#$#%&'(	*++(#,-	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	G+(#-#84#%5 + 	B 
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The regression results in Table 45 show that religiosity has a very strong effect on 

the spiritual feeling (p<0.000). This effect is positive, the more religious the participants 

are the more spiritual feeling they have. These results adhere with the results of 

Experiment 1. However, there is no other observed effect of religiosity and the light 

attributes on the spiritual feeling.  

Table 45.  Experiment 2 Regression Table for Effect of Religiosity on the Spiritual Feeling 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.10618    0.11402   0.931    0.352    

LightSource1     0.13119    0.11409   1.150    0.251    

ChurchTypology1  0.10471    0.11429   0.916    0.360   

Religiosity      0.28387    0.04459   6.366  0.00001 *** 

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

In the next model, the same religiosity variable is added to test its effect on the 

positive emotions. Table 46 shows a very strong effect of religiosity on the positive 

emotions (p<0.00001). Thus, the more religious the people are the more positive emotions 

they experience while watching the virtual sacred space. This effect did not change the 

effect of the light attributes on the positive emotions.  

In conclusion, the variable religiosity added to the effect on the positive emotions 

without changing the effect of the light attributes. Thus Hypothesis 4 is supported for 

religiosity.  

Equation 16 Regression Model for Positive Emotions and Religiosity 

C84#%#D+	EF8%#8,4		 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 +	/=	G+(#-#84#%5 + 	B 
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Table 46.  Experiment 2 Regression Table for Effect of Religiosity on the Positive Emotions 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.18233    0.10057   1.813   0.0703 .  

LightSource1     0.08421    0.10063   0.837   0.4030    

ChurchTypology1  0.10608    0.10081   1.052   0.2931    

Religiosity      0.24188    0.03934   6.149   0.00001 *** 

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

The regression coefficients show that age does not have any effect on the spiritual 

feeling and did not change the pattern for the light attributes either (Table 47).  

Equation 17 Regression Model for Spiritual Feeling and Age 

  !"#$#%&'(	*++(#,-	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	H-+	 + 	B		 

Table 47.  Experiment 2 Regression Table for Effect of Age on the Spiritual Feeling 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.12453    0.11770   1.058    0.290    

LightSource1     0.16495    0.11769   1.402    0.162    

ChurchTypology1  0.05485    0.11776   0.466    0.642    

Age 0.11826    0.09305   1.271    0.204    

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

The variable age shows a stronger influence on the positive emotions with a 

coefficient 0.192 significant at p=0.01. This means the older the participants are the more 

positive emotions they sense. This effect did not change the pattern for the light attribute 

of light intensity (Table 48). Therefore, Hypothesis 4 is supported for the effect of age on 

the positive emotions in experiment 2.  



164 

Equation 18 Regression Model for Positive Emotions and Age 

 C84%#D+	EF8%#8,4	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	H-+	 + 	B 

Table 48.  Experiment 2 Regression Table for Effect of Age on the Positive Emotions 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.19770    0.10324   1.915   0.0560 .  

LightSource1     0.11306    0.10323   1.095   0.2739    

ChurchTypology1  0.06809    0.10329   0.659   0.5100    

Age 0.19293    0.08162   2.364   0.0184 *  

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

Contrary to experiment 1, gender did not provide any direct effect on the spiritual 

feeling nor the positive emotions (Table 49).  

Table 49.  Experiment 2 Regression Table for Effect of Gender on the Positive Emotions 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.20522    0.10395   1.974   0.0488 *  

LightSource1     0.11439    0.10367   1.103   0.2703    

ChurchTypology1  0.05795    0.10364   0.559   0.5763    

Gender 0.18743    0.20815   0.900   0.3683    

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

In addition, education did not show any direct effect on the spiritual feeling nor 

the positive emotions in Experiment 2 as well.  

The use of digital tools has a strong effect on the spiritual feeling (Table 50). The 

results show a strong effect of the use of digital tools on the spiritual feeling (p=0.0001). 
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Indeed, the more the participants use digital tools to pray or meditate, the more the spiritual 

feeling they experienced while watching the virtual churches. 

Equation 19 Regression Model for Spiritual Feeling and Digital Religion 

 !"#$#%&'(	*++(#,-4	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	K#-#%'(	G+(#-#8, + 	B 

Table 50.  Experiment 2 Regression Table for Effect of Use of Digital Tools on the Spiritual Feeling 
 Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.12938    0.11639   1.112 0.266795    

LightSource1     0.16395    0.11637   1.409 0.159413    

ChurchTypology1  0.07855    0.11661   0.674 0.500815    

UseDigitalTool   1.01830    0.26378   3.860 0.000126 *** 

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

Equation 20 Regression Model for Positive Emotions and Digital Religion 

 C84#%#D+	EF8%#8,4	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	K#-#%'(	G+(#-#8, + 	B 

Table 51 acknowledges a strong effect of the use of digital tools to pray or mediate 

on the positive emotions of the participants in this study (p<0.0001). As stated above for 

the spiritual feeling effect, the more people use digital tools for religious practices the 

more positive emotions they feel. Furthermore, the use of digital tools did not change the 

effect of the light intensity nor the building types on the positive emotions. Indeed, the 

higher the light intensity the more positive emotions felt (p=0.04). 
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Table 51. Experiment 2 Regression Results for Use of Digital Religion and Positive Emotions 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

LightIntensity1  0.20291    0.10195   1.990    0.047 *  

LightSource1     0.11196    0.10193   1.098    0.272    

ChurchTypology1  0.08913    0.10214   0.873    0.383    

UseDigitalTool   1.05227    0.23105   4.554  0.00001 *** 

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

Two additional models are added to check the effect of all the previous variables 

together on the spiritual feeling and the positive emotions. The models include the light 

attributes, the building types, and each of the variables religiosity, age, gender, education, 

the use of digital religion, and the spiritual beliefs. 

Equation 21 Regression Model for Spiritual Feeling and All the Covariates 

 !"#$#%&'(	*++(#,-	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	G+(#-#84#%5 + /?	H-+ +	/@	I+,J+$ +	/@	EJ9&'%#8, +

	/A	K#-#%'(	G+(#-#8, +		/L	!"#$#%&'(	M+(#+N4 + 		B 

The regression results in Table 52 confirm the significant effect of religiosity 

(p=0.004) and use of digital tools (p=0.009) on the spiritual feeling. The same effect is 

observed in Table 53 on the positive emotions.  
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Table 52.  Experiment 2 Regression Results for all the Covariates and Spiritual Feeling 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

ChurchTypology1   0.12328    0.11383   1.083  0.27926    

LightIntensity1   0.11772    0.11383   1.034  0.30149    

LightSource1      0.12524    0.11352   1.103  0.27038    

Religiosity 0.17904    0.06246   2.866  0.00430 ** 

Age 0.02980    0.09208   0.324  0.74631    

Gender    -0.18677    0.23518  -0.794  0.42742

Education -0.07468    0.09089  -0.822  0.41157

UseDigitalTool    0.68275    0.26353   2.591  0.00982 ** 

SpiritualBeliefs  0.12982    0.06982   1.859  0.06348 .  

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

Figure 62 shows the regression coefficients that represent the direct influence of 

the experiment factor as well as the additional variables on the spiritual feeling. These 

coefficients add to the results in Table 52 that only religiosity and use of digital tools have 

a positive effect on the spiritual feeling. Thus, for Experiment 2, Hypothesis 4 is supported 

for religiosity and use of digital tools to pray or mediate in enhancing the spiritual feeling. 
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Figure 62. Experiment 2 Spiritual Feeling Model Coefficients 
with 95% Confidence Intervals 

The next model tests the effect of all the additional variables on the positive 

emotions.  

Equation 22 Regression Model for Positive Emotions and All Covariates 

 C84#%#D+	EF8%#8,4	 = 	/0	1#-ℎ%	3,%+,4#%5 +	/7	1#-ℎ%	!8&$9+ +

	/:	;ℎ&9$ℎ	<5"8(8-5 + /=	G+(#-#84#%5 + /?	H-+ +	/@	I+,J+$ +	/@	EJ9&'%#8, +

	/A	K#-#%'(	G+(#-#8, +		/L	!"#$#%&'(	M+(#+N4 + 		B 

Tables 53 shows that similarly to the effect on the spiritual feeling, only religiosity 

and use of digital tools yield a significant effect on the positive emotions.  
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Table 53.  Experiment 2 Regression Table for Effect of all the Covariates on the Positive Emotions 
Coefficients: 

Estimate Std. Error t value Pr(>|t|)    

ChurchTypology1   0.12328    0.11383   1.083  0.27926    

LightIntensity1   0.11772    0.11383   1.034  0.30149    

LightSource1      0.12524    0.11352   1.103  0.27038    

Religiosity 0.17904    0.06246   2.866  0.00430 ** 

Age 0.02980    0.09208   0.324  0.74631    

Gender    -0.18677    0.23518  -0.794  0.42742

Education -0.07468    0.09089  -0.822  0.41157

UseDigitalTool    0.68275    0.26353   2.591  0.00982 ** 

SpiritualBeliefs  0.12982    0.06982   1.859  0.06348 .  

Significance Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

Figure 63. Experiment 2 Positive Emotions Model Coefficients 
with 95% Confidence Intervals 
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Conclusion of Experiment 2 Results 

To summarize the results for experiment 2 that presents virtual churches without 

religious iconography, both Hypotheses 1 and 3 were supported. Indeed, for Hypothesis 

1, light intensity has an effect on the spiritual experience. This effect is perceived on the 

positive emotions, as well as on the individual emotions of awe. The more light in the 

space, the more the participants felt the positive emotions (awe, hope, joy, peace, and 

comfort). Therefore, in order to enhance the spiritual experience, designers of virtual 

churches that serve for worship should introduce more light in the space.  

For Hypotheses 3, the building typology has also an effect on the spiritual 

experience in the virtual context. Indeed, building type 1 that has the characteristic design 

of a Catholic church elicited more effect only on awe. Therefore, designers of virtual 

churches should consider designing more architecturally awe-inspiring spaces.  

On the other hand, Hypothesis 2 was not supported by the results of this study. 

Hypothesis 4 for the additional characteristics was supported mostly for religiosity, 

age, and use of digital tools to pray or meditate but was not supported for education. The 

more religious and the older people are, the more spirituality they experienced in the 

virtual church. In addition, females experienced a stronger spiritual experience than males. 

The effect of the practice of digital religion also confirms that more effect on the spiritual 

experience in the virtual sacred environment is experienced by the participants who were 

familiar with using digital tools to pray or meditate.  
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Summary of Results 

Throughout this chapter, the first analysis was performed on the sample to 

determine the demographics characteristics, as well as the religiosity and religious 

practices of the participants and the physical context where the experiment was completed. 

These results served to determine the external validity of the study. The second analysis 

tested the individual manipulation checks that served to address the internal validity of 

this study. The aim of these analyses was to show how well did experimental treatments 

worked the way they were hypothesized.  

Experiment 1 provided several insights. First, the light intensity has a strong effect 

on the positive emotions which supports Hypothesis 1 that high light intensity has a 

positive effect on the spiritual experience. Second, the light source has an effect on the 

spiritual feeling but with the reverse effect. Indeed, the light coming from the side had 

more effect on the spiritual experience than the originally hypothesized one. Thus, the 

effect of the light source does not support Hypothesis 2 for Experiment 1. The building 

typology has an effect on both the spiritual feeling and the positive emotions. These results 

support Hypothesis 3 that building type 1 has more effect on the spiritual experience than 

building type 2. Therefore, the design of the sacred architecture is very important to 

consider in the virtual context.  

In addition to the design, the presence of iconography added to the architectural 

features of the space, thus enhancing the spiritual experience of the users in the virtual 

church. From all the covariates studied, the religiosity, age, gender, and the use of digital 



172 

tools to pray or mediate added to the effect of the light attributes on the spiritual feeling 

and the positive emotions.   

Religiosity and the use of digital tools presented the most significant effects on 

both types of emotions. However, the variable education did not yield any effect on the 

spiritual experience. Therefore, Hypothesis 4 for the additional variables is supported for 

all the covariates except education.  

In conclusion, Experiment 1 yielded very significant results that supported 

hypotheses 1, 3, and 4 but not hypothesis 2 of the study. Therefore, light intensity, building 

typology and the individual variables have an effect on the spiritual experience in virtual 

sacred architecture.  

Experiment 2 also provided several insights. First, the light intensity has an effect 

on the positive emotions. Indeed, the more people saw light in the space the more they felt 

positive emotions. These results support Hypothesis 1 that the higher the light intensity 

the more effect on the spiritual experience. The light source did not have any effect on the 

spiritual feeling or the positive emotions in the second experiment. The Hypothesis 3 was 

supported only on the feeling of awe.  

The covariates religiosity and use of digital tools to pray or mediate had an effect 

on both the spiritual feeling and the positive emotions. On the other hand, the variable age 

had an effect only on the positive emotions. And education did not have any effect on both 

the spiritual feeling and the positive emotions in experiment 2. Therefore, Hypothesis 4 

for the covariates is partially supported, since education and gender did not participate in 
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adding to the effect of light attributes on the spiritual experience in virtual sacred 

architecture.  
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CHAPTER VI  

CONCLUSIONS AND FUTURE STUDIES 

Conclusions 

This research attempted to fill two gaps. The first relates to digital religion 

scholarship that focuses on the textual narrative of religion and pays less or no attention 

to the visual representation of sacred spaces in the digital realm. The second gap relates to 

light is sacred architecture. There are very few empirical studies of the effect of light on 

the spiritual experience in sacred architecture and none in virtual sacred architecture. This 

study adds to the scholarly work by assessing spiritual experience created by light and its 

attributes of intensity and source as emotional responses to virtual sacred architecture. The 

variations of light occur along two virtual churches commonly used in religious digital 

contexts (i.e. websites, mobile applications, games), and the introduction or absence of 

religious iconography in the space. The project implemented an experimental 

methodology common in social studies (see below). Thus, this multidisciplinary study 

integrates several fields of research: sacred architecture, virtual sacred architecture, digital 

humanities in religion, and social sciences methodology.  

This research used two digital experiments with a sample of 1186 participants 

recruited through a crowdsourcing marketplace, Murk. These experiments explore the 

causal effect of light and spiritual experience in virtual sacred architecture. Each 

experiment used two types of churches, but in one experiment religious icons were 

introduced, and the other experiment did not use any of these icons. The manipulation of 
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the light’s attributes (e.g., intensity, source) resulted in a change of the person’s spiritual 

experience of the virtual sacred space. A behavioral response to the space is noted through 

a questionnaire presented to the participants after watching a video of a walkthrough in a 

nave of the two virtual churches. The data collected was used to test four established 

hypotheses. These hypotheses serve to evaluate the validity of the causality between light 

and spiritual experience in a digital context. The following paragraphs describe the 

hypotheses, the results of testing them, and the suggestions of lighting design strategies in 

virtual and real sacred architecture.  

The first hypothesis, manipulation of light’s intensity (bright and dark) in the 

virtual sacred space influences the spiritual experience/emotions: the more light (bright 

space) the more spiritual experience/emotions was supported by the findings of this study 

in both experiments. The detailed analysis of the effect of light intensity on the spiritual 

feeling, the positive and negative emotions (see analysis chapter) clearly shows that the 

bright sacred space elicited more positive emotions in the churches with or without 

iconography. Additionally, there was more feelings of awe and hope in experiment 1 

where people saw religious iconography in the space. Experiment 2 without the added 

religious icons, had more effect on awe but not on hope. Both results comply with the two 

IES guidelines for lighting design in houses of worship that require to have spiritual light 

as architectural or ambient light to reveal the architectural features, and accent light that 

enhances religious symbols. Therefore, the two experiments established that light intensity 

is indeed an important factor to consider when designing sacred architecture as the more 
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light introduced in the space, the better and more positive the spiritual experience 

becomes.  

The second hypothesis, manipulation of light source (side windows, top windows) 

in the virtual sacred architecture impacts the spiritual experience/emotions. Light coming 

from the top windows has more effect on the spiritual experience/emotions than the light 

coming from the side windows was not supported for either experiment. In fact, the reverse 

effect happened. The light coming from the side windows had more effect on the direct 

spiritual feeling than the light coming from the top. Still, this reverse finding supports the 

general premise that light source can impact the spiritual experience. There was no noted 

effect of the direct light source on the positive emotions or the negative ones in both 

experiments. The side windows introduced more light into the space; thus, the 

architectural elements and the religious icons were more perceived by the participants 

which induced a spiritual feeling. This result confirms the IES guideline for accent light 

that highlights the religious symbols in the space. Therefore, it is important to consider the 

windows design in the real and virtual sacred architecture to introduce light that would 

showcase the iconography and religious symbols, which seem to induce an enhance 

spiritual feeling.  

The third hypothesis, typology of the houses of worship in addition to light 

attributes has an effect on the spiritual experience/emotions. There is a stronger effect in 

building type 1 than in building type 2. This hypothesis was more valid for experiment 1 

than experiment 2. Indeed, with the presence of iconography, building type 1 which is 

reminiscent of a Catholic Church design (See Conceptual Model and Methodology 
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chapters) has a stronger effect on the spiritual feeling, awe, hope, the positive emotions 

and negative emotions. In experiment 2 without iconography, building type 1 also had 

more effect than building type 2 but only in eliciting an awe, even with the absence of 

iconography. These findings are important in showing the influence of the architectural 

design of the sacred space in the virtual context. In contract with the modest and simple 

design of Building Type 2, Building Type 1 included a cross plan shape, with a long nave 

divided by pillars, a transept, pointed arches, rib vaults, prominent height that shows 

verticality and guides the eyes towards the upper windows to connect with the sky as a 

connotation of heaven. The large stained-glass windows along the sides of the nave topped 

with pointed arches, as well as three narrow and tall pointed windows enveloping the wall 

behind the apse, and an intricate design rose window above the entrance add to this 

elaborate and awe-inspiring design. This traditional historic type of church in addition to 

certain iconography such as a crucifix placed on top of the altar enhanced the spiritual 

emotions of those who virtually “walked through” the space. These results incite the 

attention to the aesthetics of virtual sacred architecture design in order to produce a 

stronger spiritual experience.  

The fourth and last hypothesis, individual characteristics (i.e. religiosity, gender, 

age, education, use of digital tools) have an additional effect on the spiritual 

experience/emotions in the virtual sacred architecture was supported for some of the 

variables. Among all the individual characteristics tested, religiosity, age, and use of 

digital tool had a significant direct effect in enhancing the spiritual feeling and positive 

emotions of the participants in both experiments. The more religious and the older people 
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are, the more spirituality they experienced in the virtual church. In addition, gender had 

an effect on the spiritual experience but only in experiment 1, which exhibited the more 

elaborated traditional church type. Females experienced a stronger spiritual experience 

than males. This result confirms the census that females are more spiritual than males. A 

research done in 2017 shows that more females identify themselves as spiritual than males 

(Lipka and Gecewicz 2017). Research in spirituality and well-being also showed similar 

results, as females had higher spirituality scores than males (Hammermeister et al. 2005; 

Simpson et al. 2008). On the other hand, the level of education did not yield any additional 

significance on the spiritual experience in both experiments. This might be due to the fact 

that the majority of the sample was educated thus there was not enough variation in the 

level of education to yield an effect. Additional factor, religiosity, resulted as follow:  the 

higher the level of religiosity and the more accustomed the participants are with the use of 

digital tools to pray or meditate, the more spiritual they felt while watching the virtual 

churches walkthroughs. These findings show that the spiritual experience is subjective and 

relies on a prior information each person carries within. It is predictable to find that the 

more religious people are the more spiritual they would feel looking at a sacred space, and 

this empirical study shows that even in the digital context this effect is valid.  

Although not mentioned in the established hypotheses, the results also provided 

important insights on the effect of the interactions among the light attributes and the 

building typology. The most significant interaction happened between light sources and 

building typology. For example, in experiment 1, more awe was experienced in BT1 when 

the light was coming from the top windows, and more awe in BT2 when the light was 
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coming from the side windows. These results affirm both Hypotheses 2 and 3 that the 

design of the sacred space needs to take into consideration the way light penetrates the 

space and interacts with the architectural elements, and religious symbols.  

Albeit the importance of negative emotions in expressing the spiritual experience, 

the results of the effect of light on the spiritual experience in this study were not strong 

enough to be considered to have an effect similar to the positive emotions. Therefore, most 

of the analysis focused mainly on the positive emotions.  

In summary, the results of the experiments supported the conceptual model of the 

study and most of the hypotheses that were drawn from it. Light has an effect on the 

spiritual experience in virtual sacred architecture which reinforces the concept of the holy 

light in Christianity. This study shows that the spiritual experience also relates to the 

architectural design of the space, the presence of religious symbols/iconography, the 

demographics and religiosity characteristics of the user. Moreover, the use of digital tools 

to pray or mediate, hence the use of digital religion facilitated the experience of spirituality 

in the virtual realm.  

The results of this study draw attention to major outcomes. First, the advantages 

of applying social science research design and methodology to investigate digital 

architectural contexts. This research approach provides an opportunity and a requirement 

to rephrase our architecture theories with more precision that makes them testable rather 

than only observational. Second, this inquiry enables to represent architectural concepts 

via digital media and improve the potential of exploring variations in virtual spaces and 

lighting design.  
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Thus, this empirical research provides an innovative way to assess an emotional 

reaction to architectural spaces and can be used in the real and the digital contexts. It also 

raises the awareness of the emerging phenomenon of digital religion and its virtual space 

design. Furthermore, it provides an assessment tool for digital architectural design in 

virtual religious spaces that so far was left to web and game designers or digital artists 

rather than to architects and designers experienced in architectural design.  

In conclusion, light remains the variable that affects not only the emotional 

response as expressing the spiritual experience, but also the way people perceive the 

architectural space and religious iconography especially in the virtual sacred.  

As mentioned beforehand, this research contributions to the study of light as well 

as its methodology may become a basis for:  

• A tool used to analyze the spiritual in virtual sacred architecture, not just in

Christianity but also in other religions and their houses of worship.

• Provide additional input on lighting design criteria that are able to enhance spiritual

experience in real and virtual sacred spaces.

• Some guidelines for lighting design in real and virtual environments. These

guidelines focus on:

1. The intensity of light in the space that can highlight architectural elements and

symbols presumed to be important in eliciting an emotional experience

2. The choice of the light source design: side windows that reveal more light and

create the ambiance, or top windows that connect the eye towards the sky, thus

to God.
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Future Studies 

The same research model could be applied to other virtual sacred buildings of 

various religions beyond the constraints of the Christian faith. One can investigate virtual 

Islamic, Jewish, or Buddhist architecture currently used in digital religion platforms. 

These investigations could be more specific to the virtual representations of pilgrimage 

sites that people are not able to visit. Such representations are already done for sacred sites 

like El Camino de Santiago de Compostela, or the Lourdes pilgrimage in France, or Mecca 

for Muslims, and the Wailing Wall for Jews. In addition to the pilgrimage, these virtual 

sacred spaces can bring spirituality for people who are displaced and longing for the sacred 

spaces they left behind.  

Though the current findings focus on light as the main determinant variable of 

spiritual experience which stems from the assumption that light has the most dramatic 

qualities in spiritually experiencing God (Literature Review Chapter). Still, the results 

suggest that other variables, specifically space and material, may be recommended for 

further research of the effect of virtual sacred architecture on the spiritual experience 

related to the virtual space. Indeed, light and materials act in parallel to form a space where 

the ambiance in return engenders the spiritual experience. Therefore, the conclusions 

about the effect of light on the spiritual experience are also related to the way the light 

interacts with the material in that space. Since this study focuses mainly on light 

manipulations while space and material as static variables, future experiments can be 

performed to incorporate more variables to test. These variables as stated in Geva’s (2012) 
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conceptual model on sacred architecture can include different 3D forms of the sacred path 

or plan, material, color, texture, and acoustics (sound/silence).  

Moreover, another alternative method that used the same experimental 

methodology of the manipulation of light attributes can be tested using a neuroscience 

approach. This additional approach can use functional Magnetic Resonance Imaging 

(fMRI) to scan the participants’ brains and record the “neurological” markers of the 

spiritual experience (Bermudez et al. 2014). This method can add significant advantages 

of measuring accurately the spiritual experience in response to the change of light and be 

ideal for additional validation due to its high accuracy.  

In conclusion, my goal through this research was to merge digital religion 

scholarship, emerging from the digital humanities, with architectural research portfolio by 

implementing inter and multi-disciplinary inquiry that encompasses fields like 

architecture, communication studies, psychology and psychology of religion, theology, 

and religious studies. The advancement of this inter and multi-disciplinary project into the 

digital context may facilitate a continuation of sacredness from the real to the virtual that 

frees from fixed space and time.  

At the end, this empirical study fosters attention to the virtual light which becomes the 

‘holy light’ of cyberspace.   
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APPENDIX A 

VIRTUAL SPIRITUAL EXPERIENCE QUESTIONNAIRE 

1. Did you feel God’s presence in the space while watching the video?

Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much

2. To what extent were you able to experience AWE while watching the space in

the video?

Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much

3. What emotions did you feel while watching the space in the video? Please

respond to each one.

Hope Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much 

Joy   Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much 

Comfort Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much 

Peace   Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much 

Spiritual Feeling  Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much 

Anxiety   Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much 

Fear   Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much 

Sadness  Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much 

4. Did the space in the video seem Christian to you?

Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much

5. Was the space in the video as a real church?

Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much

6. Did the space in the video look familiar to you?
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Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much 

7. Did you want to be in this space for real?

Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much

8. How much light was there in the space in the video?

Very little 0  1   2   3   4   5   6   7   8   9  10  Very much

9. What was the source of light in the space in the video?

Lower Side Windows Yes No   

Upper Side Windows Yes  No   

Dome     Yes No   

10. To what extent did the video convey a sacred space?

Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much

11. Which of the following elements were present in the space in the video?

Altar  Yes No 

Arches  Yes No 

Vaults  Yes No 

Stained Glass  Yes No 

Windows  Yes No 

Ceiling windows Yes No 

Dome Yes No 

Cross  Yes No 

Crucifix  Yes No 

Saints Yes No 
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Candles  Yes No 

Holy Book/Bible Yes No 

Pews  Yes No 

Water  Yes No 

This section asks about your spiritual or religious experiences in your daily life 

12. To what extent do you consider yourself to be a religious person?

Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much

13. What is your faith?

• Roman Catholic

• Protestant

• Other Religion

• Non Religious

14. To what extent do you have spiritual beliefs?

Not at all 0  1   2   3   4   5   6   7   8   9  10  Very much

15. Do you pray or meditate to obtain a higher level of spirituality?

• Yes
• No

16. Have you ever used any digital tool to pray or meditate?

• Yes
• No

17. If yes, what tool did you use? Please select all those that apply.
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• Smart Phone
• Computer
• Television
• Tablet
• Other
• None

18. Do you usually attend spiritual services in a sacred building?

Not at all 0  1   2   3   4   5   6   7   8   9  10  All the time

19. Do you pray as part of your spiritual practice?

Not at all 0  1   2   3   4   5   6   7   8   9  10  All the time 

20. Do you participate in-group prayers?

Not at all 0  1   2   3   4   5   6   7   8   9  10  All the time 

21. Do you prefer to pray alone?

Not at all 0  1   2   3   4   5   6   7   8   9  10  All the time 

22. What aspects of your spirituality or spiritual practices do you find most helpful to 
you personally? 

• Prayer

• Meditation

• Reading scripture

• Attending religious services

This section asks about the environment while taking this survey 

23. Where were you while doing the experiment?
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• Indoor
• Outdoor
• Other (Please specify) ____________

24. How much light was around you when watching the video?

Very little light  0  1   2   3   4   5   6   7   8   9  10  A lot of light

25. Were you alone while watching the video?

• Yes

• No

26. What digital tool did you use to watch the video in this experiment?

• Desktop or Laptop

• Tablet

• Smart Phone

• Other (Please Specify) ________

This section asks about general demographic 

27. What is your gender?

• Male

• Female

28. What is the highest degree or level of school you have completed? If currently

enrolled, highest degree received?

• No schooling completed
• Some high school, no diploma
• High school graduate, diploma or the equivalent (for example: GED)
• Some college credit, no degree
• Trade/technical/vocational training
• Associate degree
• Bachelor’s degree
• Master’s degree
• Professional degree
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• Doctorate degree

29. What is your age group?

• 18-24 years old
• 25-34 years old
• 35-44 years old
• 45-54 years old
• 55-64 years old
• 65 years or older

30. What is your ethnicity?

• White
• Hispanic or Latino
• Black or African American
• Native American or American Indian
• Asian / Pacific Islander
• Other _________
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APPENDIX B 

IRB DOCUMENTS 

Information sheet 

Introduction  

This study is part of a research project in architecture at Texas A&M University. The purpose of 

this form is to provide you (as a prospective research study participant) information that may affect 

your decision as to whether or not to participate in this research. This study investigates the effect 

of light in a virtual sacred space on the spiritual experience. You were asked to participate because 

you are a Mechanical Turk user and are of voting age in the United States (18 years or older). Up 

to 1,600 Mechanical Turk users will participate in the study. The study will take up to 15 minutes. 

In this experiment participants will answer questions in reaction to a 90 second video they have 

seen. There are no known risks to participating in this experiment. 

What will I be asked to do? 

If you agree to participate in this study, you will be asked to watch a 90 second video of the interior 

of a Christian space. You will then be asked to answer questions about what you have seen. This 

study will take approximately 15 minutes to complete.  

What are the risks involved in this study? 

The risks associated with this study are minimal and are not greater than risks ordinarily 

encountered in daily life. 



202 

What are my benefits in this study? 

Participants will be compensated with a seventy-five-cent payment. Participants will be 

responsible for entering their completion code into the Mechanical Turk platform after completing 

the study to receive payment from Amazon. 

Do I have to participate? 

No.  Your participation is voluntary.  You can change your mind about participating; participants 

may terminate participation at any time without negative consequences. Should you choose to 

complete the study, at the end you will receive a completion code. You will be responsible for 

entering the code into Mechanical Turk to receive payment from Amazon. 

Who will know about my participation in this research study? 

Your name will not appear on any documents associated with this research. Information about 

participants will be kept confidential to the extent permitted or required by law and in accordance 

with the policies of Mechanical Turk. The Principal Investigator and study personnel do not have 

access to any identifying information. Representatives of regulatory agencies such as the Office 

of Human Research Protections (OHRP) and entities such as the Texas A&M University Human 

Subjects Protection Program may access records to make sure the study is being run correctly and 

that information is collected properly.  

Whom do I contact with questions about the research? 

If you have questions regarding this study, you may contact Nesrine Mansour at the Department 

of Architecture, Texas A&M University or Dr. Nehemia Geva at the Department of Political 

Science 4348 TAMU. Texas A&M University, College Station, TX 77843-4348.  
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Whom do I contact about my rights as a research participant? 

This research study has been reviewed by the Human Subjects’ Protection Program and the 

Institutional Review Board at Texas A&M University.  For research-related problems or questions 

regarding your rights as a research participant, you can contact these offices at (979)458-4067 or 

irb@tamu.edu. 




