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ABSTRACT 

There are increasing cases where technology is used to enhance services creating better user 

experiences. This thesis focuses on analysis and understanding of enhancing the place as a 

service system with location-based gamification and augmented reality (AR) within the context 

of Sense of place and revealing its potential by explaining how and why it works. To do this, 

this research explored why and how to implement gamified AR in places to increase Sense of 

place and which implementation strategies are effective and which ones are to be avoided. In 

essence, this thesis looked to answer what conditions facilitate the implementation of gamified 

augmented reality micro-location at places to increase Sense of place? The thesis also 

overviewed other aspects of gamified AR-based micro-location at places, such as functionality, 

features, benefits, and business value and the shortcomings and limitations of gamified 

augmented reality micro-location. The research used mixed methods research methodology to 

understand the inquired data better while also using design science research methodology to 

develop a solution as a gamified mobile AR mobile application. The mobile application enabled 

the experimental intervention on the individual Sense of place through a unique experience at 

an indigenous artworks exhibition on an Australian university campus. The data was collected 

through a series of surveys, interviews, and observations and analysed with qualitative and 

quantitative data analysis tools such as NVivo and SPSS, respectively.  

The results suggest that the hedonic dimension of gamification is a predictor of individual Sense 

of place and its Place attachment dimension. The utilitarian dimension and AR user experience 

were suggested predictors of Place dependence and Place identity dimensions, respectively. 

The findings also filter out the approaches to optimisation for successful outcomes of gamified 

AR experiences, providing deeper insight into the implementation. The significance of these 

findings is that the hedonic side of gamification could be used to predict changes in individual 
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Sense of place and highlighted relevant recommendations on how to optimise the design and 

development of a gamified AR micro-location.  

The research on gamified AR micro-location at places through service-dominant logic is novel 

and still not explored in enough depth. Therefore, the thesis findings will provide guidelines on 

strategies for employing gamification and AR for more engaging and enjoyable experiences at 

and around places regarding value creation and psychological and behavioural outcomes, 

generalisable across many different domains. Moreover, the thesis will be beneficial to any 

present and perspective gamified augmented reality and/or location-based implementations.   
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“Somewhere, something incredible is waiting to be known.”  
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We live in a society that moved away from the traditional model of goods to services. Services 

are an irreplaceable part of modern living and most products that we consume come in the form 

of service. This ranges from health services through education, entertainment, transportation to 

housing and even funeral services. Services are pervasive and ever-present in every aspect of 

our lives. Therefore, since the late 1970s, scholars have started researching services and 

distancing away from traditional goods-based marketing (Grönroos, 1994). This research trend 

culminated in 2004 with the introduction of the Service-dominant logic (S-DL) that redefined 

the marketing discipline based on services (Vargo & Lusch, 2004).  

The three main concepts of Service marketing are the services, the service systems and the 

resources. Services are considered the actions performed to assist an entity, independent of the 

magnitude or the nature of the action (Vargo & Lusch, 2004). A Service system is a systematic 

package combining multiple services. These combined services can take the role of core, 

enabling and enhancing services. Resources can be operant that are intangible, invisible, 

continuous and dynamic such as skill and knowledge, and operand services that are static and 

finite in nature (money, ore, tools) (Vargo & Lusch, 2004). 

The premise of S-DL is that only the consumer can create the value and that it is not something 

embedded by the manufacturer in the product (Vargo & Lusch, 2004). Enhancing services, such 

as in-flight entertainment and catering, have the potential to multiply the value of the core 

service.  

Place has been researched as a service system (Warnaby & Medway, 2015). Place is more than 

a location on the surface of Earth determined by a set of two-dimensional Cartesian coordinates. 

Some locations are more meaningful than others (Oleksy & Wnuk, 2017; Ryden, 1993; 

Simandan, 2011b). A location that attributes meaning to an individual or a group is referred to 

as a place, and these have been given names and, in many cases, are distinct landscapes 
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(Davenport & Anderson, 2005; Kyle et al., 2004). It is a location that is said that has a spirit. 

This notion is evident through history, even discussed by the Roman philosophers as Genius 

Loci, nowadays termed Sense of Place (SOP) (Stedman, 2003). It represents the psychological 

bond between human beings and a physical location (Canter, 1991; Jorgensen & Stedman, 2001; 

Low, 1992; Ryden, 1993; Shamai, 1991; Tuan, 1979). SOP encompasses the concepts of 

emotional attachment to a place, self-identity reflected at that place and the dependence on  

place’s ability to foster activities (Jorgensen & Stedman, 2001).  

SOP is a powerful intrinsic motivator. For example, it can motivate people to promote a 

particular place, visit it more often, or even steward it (Kaltenborn, 1998; Lewicka, 2011; Low 

& Altman, 1992; Stewart et al., 1998). Another benefit of increased SOP is the value 

multiplication. Therefore, the question that arises is “How to increase SOP?” 

Location-based technology has already been studied in its power to increase SOP. However, 

there is one more contender – Games. Games have been with us since the dawn of time. Games 

combine the utility with fun and provide unique opportunities and applications not found 

anywhere else. However, games might be too complex systems to be fully applied to everyday 

activities. In contrast, if one applies only relevant elements of a game, then the aim of using 

that fun for boring activities seems achievable. 

Gamification, at its core, is the use of game mechanics in a non-game context (Deterding et al., 

2011). It can be defined as an enhancing service to a core service (Huotari & Hamari, 2017). 

Thus, gamification of services and applications provides a powerful and flexible mechanism 

that can be implemented in any domain that requires behaviour modification and people's 

motivation (Zichermann & Cunningham, 2011). Gamification can increase certain human 

behaviours by turning an activity into a gameful experience by applying game mechanics in the 

process.  
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The concept of gamification has been used throughout history, such as gamification of working 

places in the 20th Century by the governments of the United States and Soviet Union (Nelson, 

2012). However, the term was not coined until 2009 by Nick Pelling to explicate the upward 

trend of using elements of games in everyday activities (Marczewski, 2013; Werbach & Hunter, 

2012). Although the fundamental mechanisms of gamification precede computer games, it is 

the computer games industry that receives the main attention in justifying the engagement that 

gamification affords (de Byl, 2013).  

In essence, gamification is a way to enhance a service with game elements to motivate people 

to continue using it or attract new users (Huotari & Hamari, 2017). Deterding et al. (2011) refer 

to it as the use of game thinking in everyday activities. For instance, it motivates people to do 

fitness via the Fitocracy service (Hamari, 2015) or to visit places via Foursquare location-based 

social network by introducing game affordances such as points, badges and rewards to fitness 

activity and location sharing, respectively (de Byl, 2013; Zichermann & Cunningham, 2011). 

Technology has proved itself in enhancing experiences and fostering improvements in all areas 

of human life, such as health, science, leisure, exploration, housing, and transportation. 

Location-based services use Geolocation technology to determine locations of interest. These 

services can provide localised searches, location sharing and point to point navigation. There 

are many examples of gamified location-based services, including Foursquare, Runtastic, and 

HelloLocal. All these services can be considered enhancements to a certain place service 

system. Many of these services offer a way for the user to interact with a place and experience 

it in a different context by motivating people to visit and/or return to a place to perform an 

activity there.  

However, there is a big part of the market that cannot rely on the satellite location, which is 

most of the indoor spaces (Newman, 2014). Due to the obstacles, the satellite signal is obscured, 
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and the location becomes non-reliable. Indoor positioning systems address this problem by 

using other techniques and technologies. One such technique is micro-location which relies on 

AR (Azuma, 1997) and Bluetooth beacons (Developer, 2014; Gast, 2014; Newman, 2014) to 

locate a target within a room or building.  

Augmented Reality or AR is a system able to overlay virtual objects over the real world, which 

are anchored in the three real-world dimensions and is interactive in real-time (Azuma, 1997). 

iBeacon beacon is a technology introduced by Apple, Inc. in a pocket watch size that, through 

Bluetooth low energy, can signalise the proximity and context to the mobile device. 

Technology has shown a massive effect on place marketing and management (Jung et al., 2017). 

Information and communication technologies (ICT) implemented the right way have the 

potential to provide many opportunities for urban and rural places (Tscheu & Buhalis, 2016). 

SOP also plays a major role in place planning and construction and in communities and 

individuals at places. ICT and SOP could come together through a gamified AR micro-location 

(GARM-L) implementation that could affect the individual SOP, in unique and engaging ways, 

affect the individual SOP.  

In line with service marketing, an Australian university as a service system was selected. As 

already suggested in the literature (see section 3.2.4), gamification should be more effective on 

already established and operational services. To this end, an artworks tour (heritage site) hosted 

at the university was selected as the focus of the research. This tour was offered as a part of the 

exhibition of the indigenous artworks collection. It was already running as a service enriching 

the student experience. 
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This thesis will identify and classify the factors and outcomes of GARM-L of places such are 

heritage sites by exploring the implementation of game mechanics applied to AR and 

proximity-based sensing installations. As per the service marketing package model, an 

indigenous artworks tour as an already running service at an Australian university service 

system was selected. This service was already established Liu et al. (2011), and it was a part of 

the university's offering to enrich the students’ experience. At present, very little research is 

performed on the subject of GARM-L, and there is no succinct framework for defining and 

understanding the factors and the outcomes for this domain. For this research and understanding 

of the phenomena of GARM-L, this thesis will focus on exploring the implementation and 

impact of the software developed for this research, tied with onsite hardware, and conduct a 

series of interviews and surveys examination (Creswell, 2013; Johnson & Christensen, 2014; 

Teddlie & Tashakkori, 2012). In essence, the thesis endeavours to answer two questions: 

“Which predictors determine GARM-L implementation at a place increases SOP?” and “How 

do designers optimise for successful outcomes of a GARM-L implementation at a place?“ This 

explanatory analysis will deduce and refine the factors and outcomes of the GARM-L. A 

gamified AR mobile application would be developed following Design Science Research 

Methodology (DSRM) (Hevner et al., 2004; Peffers et al., 2007) to replicate the genuine 

experience of an indigenous artworks tour enabling the research of GARM-L. The experimental 

intervention is designed as a control group, pre- and post-experimental design, consisting of 

two comparison groups and one intervention group. The first comparison group would examine 

SOP of the participants taking the traditional tour, while the second comparison group would 

examine the participants’ SOP of an AR guided tour. The comparison group would concern a 

gamified AR guided tour. The thesis is situated in the Information Systems domain, and it is 

structured in such a way as to accommodate for a full presentation of the methodologies and 

the experiment.  
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Augmented Reality and Gamification of places have been studied (Billinghurst et al., 2015; 

Vasilevski et al., 2018), with papers highlighting the positive effect and the behavioural and 

psychological outcomes that the implementations evoke in the players. However, AR 

Gamification as it relates to SOP and development optimisation and communication requires 

more research (Vasilevski & Birt, 2019b). DSRM is an iterative methodology for the 

development of Information Systems (IS) applications. It is a process of systemically 

developing a solution to an identified problem in the form of an artefact or multiple artefacts 

(Peffers et al., 2007). The first DSRM iteration (I1) of the solution for this research is discussed 

in Vasilevski and Birt (2019b). The focus was on the initial development and testing of an 

indigenous artwork narrated tour app. The second iteration (I2) of the DSRM development 

process is discussed in Vasilevski and Birt (2019b). It presents the updates to the solution design 

and functionality with optimizations that we implemented to fully enable the use of the AR 

component and the usability testing results from experts and student testers, including lessons 

learned. Third iteration findings, specifically the developed process for evaluation that evolved 

through the iterations, is published in (Vasilevski & Birt, 2021). 

Although scientific discussions on gamified augmented reality micro-location are not 

prominent in number and consist of several published articles, underlining the potential of 

gamification of AR micro-location (Guarneri & Perego, 2017; Low, 2016; Marques et al., 

2017). Expanding on this notion, the following chapter concerns the review of the literature.  
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“The greatest part of a writer's time is spent in reading, in order to write: a man will turn over 

half a library to make one book.”  

― Samuel Johnson  

  

2 LITERATURE REVIEW  
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The literature review presents the multidisciplinary works published on the subject of place, 

Sense of place , service marketing, games, micro-location, augmented reality, and gamification.  

The aim of the research documented in this thesis is to answer whether, if implemented 

effectively, gamification could predict an increase in place's value by predicting an increasing 

Sense of place. These phenomena are further examined, attempting to understand the individual 

meaning towards increasing Sense of place to exploit the benefits that it offers together with 

enhancing concepts of gamification, augmented reality and micro-location.  

The structural mapping of the literature review is illustrated in Figure 1. As it is one of the 

critical dimensions of this research, the concept of place was explored first. Place proved to be 

a contested concept with multiple definitions presented below. Then, the Sense of place as a 

scientific construct was explored. It is one of the critical constituents of place and proved to be 

even more contested in the literature, with multiple definitions in various disciplines. 

Furthermore, the psychological dimension of the Sense of place concept in the literature was 

investigated and explicated. This perspective led to the exploration of Service-dominant logic 

as a subdomain of the service marketing discipline that interwoven the place and games as 

service systems. Then, games exploration led to the concept of gamification and its commitment 

to service marketing. This is followed by an investigation of the theories that explain motivation 

and mechanics that drive gamification culminating with the exploration of gamification of 

places.  

Location as an inherent element of place was also explored through the technologies that enable 

gamification of places, such as location-based services, micro-location, Augmented Reality and 

iBeacon technologies. Everything above led to the focal point of this research, uncovering the 

gaps in knowledge and how all these phenomena come together.  
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This chapter is presented in the following order and groupings to aid the reader's journey: (i) 

Place, together with the concept of Sense of place in blue; (ii) Place as a service and service 

marketing, exploring the concepts of game and glace in orange; (iii) Gamification phenomenon 

and a review of gamification is presented concerning place and Sense of place, in green, 

including the technologies that enabled this kind of implementations in purple.  

Figure 1 

Structural Mapping of the Literature Review 
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“I feel sorry for anyone who is in a place where he feels strange and stupid.”  

― Lois Lowry 

2.1 PLACE 

Place phenomenon has intrigued human civilisation and has been studied since ancient times. 

We have named places, measured places, worshipped places, built at places, dreamt of places, 

worked at places, and lived at places. A considerable portion of our existence relies on places. 

However, the place concept occupies an exciting position in everyday thought and scholarly 

discussion. One can always recollect the deep meaning and significance of an important place 

and time. However, our knowledge of this simple, puzzling concept is not profound (Galliano 

& Loeffler, 1999). “It is also a problem as no-one quite knows what they are talking about when 

they are talking about place.” (Cresswell, 2014) 

Even when looking at place from a spatial perspective, a concrete and explicit definition of 

place is yet to be found (Malpas, 2009, p. 22; Phillips, 1996). Even though it is often used as a 

synonym for location, a place in many cases indicates an entity with inconclusive boundaries, 

which relies more on human or social aspects than on spatial geometrical measurements 

(Malpas, 2009; Simandan, 2011a, 2011b; Tuan, 1977, 1979).  

Etymology can provide a solid starting point for understanding the place concept. The origin of 

the term place can be found in the Greek word plateia (hodos), which means “broad (way)”. It 

is feminine of platys “broad” and later the Latin platea, meaning “courtyard, open space; broad 

way, avenue”, which derived in Medieval Latin placea with the same meaning (Malpas, 2009). 

In the 12th century, Old French place, meaning "place, spot", and the Proto-Indo-European 

language root *plat-, which means “to spread”, are also considered as origins of this term.  
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Modern dictionaries offer various definitions of this concept. For example, The Dictionary of 

Human Geography (Duncan & Ley, 2013) defines place as “a portion of geographic space”. On 

the other hand, Oxford dictionary (Oxford Dictionary, 2017) defines place from “a particular 

position, point, or area in space; a location.” through “a person's home” to “a point in a book or 

other text reached by a reader at a particular time.” (see Figure 2). 

Figure 2 

Place in Oxford Dictionary Visualised in the App WordFlex  

 

Note: Screenshot taken in Nov 2019 in Wordflex iPad app. 

There are six usages as a verb, including “put in a particular position” and “Score (a goal) by a 

place kick”. There are also thirteen phrases used, such as “go places” or “in place” (Figure 2). 

As presented above, the term place has multiple meanings, which makes it hard to explicate. 

Therefore, the following section explores the scientific literature, which should result in a 

definition that will precisely explicate the term place for research purposes. 
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2.1.1 DEFINING PLACE  

Contemporary studies offer two main distinguishable constructions for defining place. Wyly 

(2008) argues that the conceptualisation of place grows from the constant tension between 

humanities and social sciences. On the one hand, the search for generalisable or universal 

knowledge, and on the other hand, the deep respect for local uniqueness, context, and 

contingency. Even though a place is perceived as “a particular part of space,” such space is 

“invested with meaning, history, and symbolism by various individuals and groups.” (Wyly, 

2008, p. 1). 

The key debates in the 1970s sharpened the contrasts between place and space. In their seminal 

works, to distinguish their approach from the positivist geographers, the humanistic 

geographers Relph (1976) and Tuan (1977) use the concept of place with its attributes as one 

of the key arguments. During the 1980s, the concept outgrew humanistic geography into 

economic, historical, and political geography. Moreover, Entrikin (1991) argued that to 

understand place completely, one must position themselves between the two poles of scientific 

theory and “empathetic understanding.” 

Individual experience, personal emotional connection, and historical or cultural significance 

are factors that affect how people attribute meaning to a place (Oleksy & Wnuk, 2017). Place 

can represent a convergence of cognitions, emotions and actions orbiting around human means 

(Canter, 1991). It is a centre of meaning or field of care that emphasises human emotions and 

relationships (Tuan, 1979). The place can be much more than a location in space, and it 

assimilates the meanings that one attributes to a location by the course of living there (Ryden, 

1993). “It is through the mental construct of place that people relate to and understand a 

geographic area” (Galliano & Loeffler, 1999, p. 1).  
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In geography, Agnew and Thrift (1988) define place as “a meaningful location.” In 

psychological science, a place is referred to as a strong affective bond between a person and a 

specific setting (Sime, 1986). To understand place in the context of locale or abode, a certain 

openness, dimensionality, and space are required. The concept of place is inseparable from the 

notions of extension and spatiality (Malpas, 2009). 

When discussing places, another concept worth bringing forward is the concept of placelessness. 

This concept characterises the diminishing impact that contemporary homogenous and 

standardised landscapes have on local places and their uniqueness and variety, characterised in 

pre-industrial societies. Relph (1976) finds examples of placelessness in the suburbs, 

commercial strips, tourist landscapes, and international architectural styles. 

According to the work of Agnew and Thrift (1988), place embodies three major elements: 

Locale, the settings in which social relations (informal or instructional) are formed; Location, 

the geographical area that encompasses settings for social interaction as defined by social and 

economic processes operating at a broader scale; and Sense of place, the local structure of 

feeling (Cresswell, 2014). Sense of place as a major part of the place phenomenon influences 

scales from a city to a room as it represents the human side of it. With place being a human-

centred phenomenon and Sense of place being a felt concept, the thesis relies on the human 

factor, and the Sense of place dimension of place requires complete unpacking. Therefore, the 

next section is dedicated to the explication of the concept of Sense of place.  
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2.2 SENSE OF PLACE 

Although other concepts describe the relationship between people and spatial settings, Sense of 

place is conceivably the most general concept. SOP has several definitions depending on the 

discipline developed mainly along divergent tracks that have only recently started to converge.  

SOP is a holistic concept that focuses on the subjective and often shared experiences or 

attachment to the landscape emotionally or symbolically (Galliano & Loeffler, 1999). SOP is 

not something that is embedded in the physical location itself, but it dwells in individual or 

community interpretations of the location (Jorgensen & Stedman, 2001). SOP is also referred 

to as place attachment, topophilia, insidedness, and community sentiment (Low & Altman, 

1992). Even though Deus Loci (the spirit of the place in Latin) has existed since the time of the 

Roman empire, the mid-1940s marks the inception of the concept, which started evolving over 

several decades into the modern interpretations. 

Firey (1945) realised that people were attaching symbols built upon the cultural and historical 

values of places, which could influence the landscapes' use. Moreover, at the end of the decade, 

it was suggested that there are multiple aspects included in the landscapes, such as ecological, 

aesthetic, economic and ethical, which mirrors the modern interpretations of the 

multidimensional aspects of place meaning (Leopold, 1949). 

In the 1960s, the term “sense of place” started appearing in the literature, pointing to the 

symbolic and memorable aspects of cities; “a sense of place in itself enhances every human 

activity that occurs there, and encourages the deposit of a memory trace” (Lynch, 1960, p. 119). 

In his seminal works in the 1970s, geographer Tuan (1974, p. 4) refers to SOP as topophilia 

which he defines as “the affective bond between people and place or setting.” Tuan regards 

SOP from an experiential perspective, where SOP is created through the experiences with the 

place, and only holistic studies of lived experiences can provide a real understanding of SOP.  
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Another geographer (Relph, 1976) recognised SOP from the aspects of place attachment and 

place meaning. The former represents the ties between places and people, and the latter 

represents the essence of place defining people's individual and cultural identity. Kudryavtsev 

et al. (2012) recognise that these works inspired the development of the body of knowledge on 

Sense of place in multiple disciplines, such as geography, as mentioned, anthropology, 

environmental psychology and sociology (Farnum et al., 2005). These also influenced the 

restoration, stewardship, and conservation of urban environments.  

Jackson (1994), building upon previous geographers, regarded SOP as “something that we 

ourselves create in the course of time” as a result of habit or custom. On the other hand, in 

anthropology, Low (1992, p. 165) defines SOP as “Place attachment is the symbolic 

relationship formed by people giving culturally shared emotional/affective meanings to a 

particular space or a piece of land that provides the basis for the individual’s and group’s 

understanding of and relation to the environment.”  

From a sociological standpoint, Hummon (1992, p. 262) states, “By SOP, I mean people’s 

subjective perceptions of their environments and their more or less conscious feelings about 

those environments. SOP is inevitably dual in nature, involving both an interpretive perspective 

on the environment and an emotional reaction to the environment...” In environmental 

psychology, Steele (1981, p. 11) defines it as “the particular experience of a person in a 

particular setting (feeling stimulated, excited, joyous, expansive, and so forth).” and “Spirit of 

place: the combination of characteristics that gives some locations a special ‘feel’ or personality 

(such as a spirit of mystery or identity with a person or group).” “SOP is the meaning attached 

to a spatial setting by a person or group” (Jorgensen & Stedman, 2001, p. 233).  

The above definitions share the idea that a place provides some meaning to individuals or 

communities. Research on the psychological outcomes of SOP focuses on motivation, 
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enjoyment, and attitude (Hamari et al., 2014). They also state a gap of knowledge considering 

the social environment and voluntariness of performing an activity as one of the main 

antecedents for the formation of attitude and behaviour (Ajzen, 1991).  

Considering all these aspects and perspectives on SOP, this research focuses on the attitude 

approach to SOP by Jorgensen and Stedman (2001). This approach promises to be a very good 

fit for the psychological, attitude nature of gamification and the best avenue to investigate the 

concept of SOP in the context of AR micro-location gamification. Jorgensen and Stedman 

(2001) approach to investigating SOP was previously used in similar studies (Chang et al., 

2015). To further explicate the concept, the multidimensional SOP definition by Jorgensen and 

Stedman (2001) is unwrapped and investigated in the next section. 

2.2.1 DEFINITION OF SOP 

SOP is a subjective experience or view of place description of the meanings, images, and 

attachments people give to specific locations. SOP is reinforced by what Jackson (1994) refers 

to as a sense of recurring events. Through association and interaction with geographic areas, 

whether physically, spiritually, or through various media, people form long-term attachments 

with places (Galliano & Loeffler, 1999). Research also shows that place attachment is 

customarily passed down through generations, becoming part of people's heritage in a personal 

way (Galliano & Loeffler, 1999).  

Jorgensen and Stedman (2001) and Nielsen-Pincus et al. (2010) propose that SOP embodies the 

sub-concepts of Place identity, place attachment, and Place dependence as constructs that 

respectively share strong similarities to the affective, cognitive and conative components of 

attitude (Figure 3).  
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Figure 3 

Visual Representation of the SOP’s Tripartite Framework 

  

Note: The framework was developed by Jorgensen and Stedman (2006) and used to combine the three 

ways we psychologically relate to a place into one construct. 

Humans tend to create unique relationships with places depending on the aspect that the 

locations have in their lives. Place dependence (Stokols & Shumaker, 1982), or “place 

satisfaction,” requires perceiving a place as a method, a way to satisfy the individual needs and 

perform the desired activities (Schreyer et al., 1981). This factor regards the number of 

opportunities that a place can facilitate for people to accomplish their goals or experience 

enjoyment (Lee et al., 2012; Lopez-Mosquera & Sanchez, 2011).  

Place identity (PI) or place-based identity refers to the relationship between place and identity. 

Proshansky et al. (1983) identified PI as a cognitive connection between the self and the setting 

in the physical world. PI refers to how a place attributes to a person’s self-identity (Hull et al., 

1994) and how a place serves as a carrier of personal or group values and meaning (Halpenny, 

2006; Stokols & Shumaker, 1982; Vaske & Kobrin, 2001). This attribute intensifies during a 

person’s history with the place. Low and Altman (1992); Tuan (1979) suggest that PI can also 

emerge in some places, even though the person had no prior experience of that specific place. 

Place 

Identity 

SOP 
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An example would be the labelling country’s heritage sites as National Park, National Gallery, 

and National Museum. These labels can (induce culturally defined images that can also be 

considered) emerge as symbols. In these instances, the symbol is the object of identification, 

and it encloses the meaning instead of the specific settings. Therefore, many citizens of that 

country, even though they may not have spent much time in these settings, could still express a 

strong identification with these places. PI is evident in consumption behaviours such as 

purchasing goods and consuming experiences in places that individuals frequent and remember 

(Yavuz & Toker, 2014). Predictors of one’s identification with place can be categorised into 

two groups, “individual motives and needs” and “social and symbolic links to places” (Droseltis 

& Vignoles, 2010).  

Place attachment is a specific, deep bond with a location (Lewicka, 2011; Low & Altman, 1992; 

Oleksy & Wnuk, 2017). Active Place attachment is necessitated by a conscious identification 

with a place based on interest in its past or present opportunities (Lewicka, 2011). In many 

cases, it involves increased activity and exploration of the place. Those who spend more time 

in the place also feel more attached (Kelly & Hosking, 2008). The perception of the spiritual 

wilderness and the aesthetic connections were also identified as predictors of Place attachment 

(Brown & Raymond, 2007). It is a positive factor that could be beneficial in sustaining Place 

identity and, in this way, promoting psychological well-being, fulfilment and happiness (Ujang 

& Zakariya, 2015). 

Attachment’s emotional, cognitive, and instrumental features can be enhanced by frequent 

visits and repeated interactions in a place (Hammitt et al., 2009). On-place activity can result 

in increased place attachment. For example, at places such as national parks (Kyle et al., 2005), 

dog walking in parks (Lee & Shen, 2013), using places for sport (Madgin et al., 2016), and in 

various informal meeting places such as cafes or pubs (Oldenburg, 1989; Oleksy & Wnuk, 
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2017). The social factor can also have a strong influence on the place attachment. (Hidalgo & 

Hernandez, 2001; Lewicka, 2011). It is evident above that SOP proves to be an important factor 

affecting various aspects of human nature, such as the individual and social attitudes and 

behaviours.  

It is also evident in the literature that SOP has been applied in various fields and disciplines. 

These include geography exemplified in the works of Galliano and Loeffler (1999); Tuan (1979) 

and environmental psychology in the works of Jorgensen and Stedman (2001); Low and Altman 

(1992); Nielsen-Pincus et al. (2010). Tourism and leisure domains also explored SOP from their 

perspective, evident in the works of Kyle and Mowen (2005). Urban planning as a process 

strongly considers SOP discussed in Jive'n and Larkham (2003); Scannell and Gifford (2010) 

work and these are only a few examples of SOP in various domains. These various applications 

suggest that SOP can help to establish how location significance is personally experienced by 

visitors (Kaltenborn, 1998).  

Lewicka (2011); Low and Altman (1992) argue that in the field of informal education and 

learning, such as visiting heritage sites or undertaking field learning, increasing SOP can enable 

attachment and interest toward these places. Similarly, SOP formation can be enhanced by 

performing interpretive activities, which may subsequently encourage the conservation of local 

cultural heritage (Stewart et al., 1998). Games that employ SOP may enhance awareness of 

cultural interest sites such as monuments and historical sites by offering opportunities to explore 

places, obtain information about them (Oleksy & Wnuk, 2017), and facilitate active contact 

with a place. All of these are prerequisites for developing Place attachment (Kyle et al., 2004).  

SOP plays an important role in urban planning and design, where planners consider the 

meanings and significance for the people who use and inhabit or relate to these places (Jive'n 

& Larkham, 2003; Scannell & Gifford, 2010). SOP is one of the fundamental “felt” senses a 
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person develops, along with the sense of self and sense of community. Jamal and Hill (2004) 

argue that even SOP of a destination is not static and objective, and it can be created and 

experienced.  

As locations with significance to a part or whole population, places demonstrate a tendency to 

become more popular over time, especially with the modern-day sharing of location 

experiences through the social networks (Hasan et al., 2013). Many new places are 

(re)discovered daily, and new people are exposed to their values, wondering about the 

whereabouts of the place as a potential destination.  

Place, and consequently, SOP are complex concepts that can be more deeply understood and 

exploited if observed through the discipline prism of service marketing (Warnaby & Medway, 

2015). Through this lens, gamification and SOP may be effectively connected because 

gamification and place have already been anchored in the Service marketing discipline (Huotari 

& Hamari, 2017; Warnaby & Medway, 2015). The following section explicates the concept of 

Service marketing and explores the place and game phenomena from the Service-dominant 

logic perspective. 

  



   
 

43 
 

2.3 SERVICE MARKETING 

The marketing field emerged in the 1950s and early 1960s (Grönroos, 1994; Huotari & Hamari, 

2017; Vargo et al., 2010), as presented in Figure 4.  

Figure 4  

The Evolution of Marketing 

 

Note: Adapted from Vargo et al. (2010). Copyright © 2010 Emerald Publishing Limited. Reproduced 

with permission from the publisher.   

This model of trading goods by manufacturing businesses was used as a centre around which 

the mainstream marketing or goods-dominant logic approach was built. Specific to this 

approach is the use of 4P’s, including product, price, place, and promotion (McCarthy & 

Perreault, 1960), based on transactions and sales of material goods (Grönroos, 1994). Later, in 

the 1980s, scholars from different domains started modifying the 4Ps by adding more Ps to the 

mix, such as physical evidence, process, and people in services marketing (Grönroos, 1994). In 

the period between the 1950s and 1970s, services were considered variants of material goods. 

However, in parallel with the mainstream, different marketing approaches started to emerge 

(Figure 4). 
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In the 1970s, several authors identified shortcomings of this “marketing mix” approach 

(Grönroos, 1994) and started developing a new approach based on the characteristic features of 

services marketing. Besides being based on a loose theoretical basis, the separation between the 

products and the services, the 20th-century marketing discipline perspective was artificial and 

unable to properly market the products, that in essence, were services. Moreover, the other issue 

was separating the marketing into standalone departments as separate from the rest of what was 

happening within the companies and thus ineffectively advertising the products. Over time, the 

literature interest in Service marketing grew as the economy began seeing widespread 

acceptance of the services (Huotari & Hamari, 2017). Several concepts emerged, looking at the 

services as inseparable from overall management, concepts of interactive marketing where the 

user interacts with the system, the material resources and the employees (Grönroos, 1994).  

During the last two decades of the 20th Century, the focus of marketing shifted from tangible 

material goods (Gronroos, 2007) toward the intangible realm of processes, intellect, knowledge 

and specialised skills (Vargo & Lusch, 2004). This approach culminated with the seminal article 

by Vargo and Lusch (2004, p. 13) in the Journal of Marketing which introduced the concept of 

service-dominant logic (SD-L). The importance of SD-L for this research becomes apparent 

when the two concepts of place and games come together through the SD-L into gamification 

of places later in the literature review (see section 2.5). To even begin to understand this 

connection, we need to dive deeper into the service-dominant logic paradigm.  

In line with Vargo and Lusch (2004) concept of service-dominant logic, Grönroos (2006) states 

that services are distinguishable from the physical goods by their nature as processes. He refers 

to service as "a process where a set of resources interacts with each other and with the customer, 

aiming at supporting the customer’s processes in a value creation way". 
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Moreover, service production is considered an open system for both the user and the service 

provider. However, "goods do not render services as such, and customers do not consume goods 

as services" (Grönroos, 2006). In the end, it is the process that users consume as a service, and 

the goods are only considered as one of the many types of resources with a function within a 

"service-like" process.  

Evolving the SD-L, Vargo et al. (2010) distinguish between services marketing and service 

marketing. The marketing research pursuing the mainstream goods-oriented marketing 

principles is referred to in the plural as "services" marketing. In contrast, the SD-L perspective 

is referred to in the singular as "service" marketing. The goods-dominant logic considers goods 

and services as production outputs. In contrast, services-dominant logic sees services as 

collaborative processes between the customers and the service providers (Vargo et al., 2010). 

“In a service-centred model, humans both are at the centre and are active participants in the 

exchange process. What precedes and what follows the transaction as the firm engages in a 

relationship (short- or long-term) with customers is more important than the transaction itself.” 

(Vargo & Lusch, 2004, p. 13) 

The customer's perception as co-producer and the value-in-use are the two central notions of 

the SD-L. These exhibit the core distinction for the SD-L from the traditional goods-dominant 

logic. On the one hand, the mainstream goods-oriented view considers the exchange to be a 

central concept of marketing, and value is considered to be as embedded in exchanged products, 

the value-in-exchange notion. It is considered that the value emerges within the production 

process, created by the company and is embedded in the final product (Grönroos, 2006). 

On the other hand, SD-L holds that "value is defined by and co-created with the consumer rather 

than embedded in the product" (Vargo & Lusch, 2004, p. 7). According to the value-in-use 

view, the value is not created by the supplier or the service provider, and the customers create 
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it within the value co-creating process (Grönroos, 2006). The only thing the suppliers create is 

the resources or provide the instrument necessary to create the value by the users. During the 

interaction between the providers/suppliers and the customers, they are engaged in value 

creation. The customers are the sole creators of the value, and value only emerges while the 

service or product is used (Vargo & Lusch, 2004). In this way, service providers offer nothing 

more than a value proposition. This SD-L view of cocreation could be very helpful when trying 

to understand places and games, as the value of these two phenomena emerges from their 

human-centred nature, which is co-created through interaction and emotion. 

Driving a recently serviced car, preparing a family dinner, commuting, a heritage site using 

augmented reality glasses, or a gallery exhibit enhanced with audio or video are a few 

illustrating examples of these processes of value co-creation. The exchange and facilitating of 

transactions are meaningless. Instead, facilitating interactions and the management of 

interactions between the firm and the customer lies in the focus of the service marketing and, 

as Ballantyne and Varey (2006) state, "interactions over time are enactments of the exchange 

process". Evidence of SD-L can also be found in strategic alliances, where two or more parties 

exchange services for mutual benefit. Examples of this are Google or Apple as software 

companies and automotive manufacturers, such as BMW, or Honda, with CarPlay and Android 

Auto implementation, respectively. 

Therefore, the company's role is to produce goods, and these are resources made available to 

the customers for consumption. These resources provide opportunities for customers to exploit 

in such a manner that will lead to value creation for themselves as individuals, families, groups 

or organisations (Grönroos, 2006; Vargo et al., 2010). The resources have been traditionally 

viewed as static “stuff” that can be taken to consumers' advantage (for example, mining ore or 

the size of the workforce). However, during the past 50 years, there has been a shift in 
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perspective by which resources have become tangible and static and intangible and dynamic to 

include human skills, knowledge, and emotions (Vargo & Lusch, 2004). 

Vargo and Lusch (2004) extended the work of Constantin and Lusch (1994) to classify 

resources into two categories: Operant and operand (Figure 5). These are both offered by the 

companies and the consumers, elaborated on in the following subsection (Huotari & Hamari, 

2017). 

Figure 5 

Consumer's Operant and Operand Resources  

 

Note: Adapted from Vargo et al. (2010).  Copyright © 2010 Emerald Publishing Limited. Reproduced 

with permission from the publisher.  

2.3.1 OPERAND AND OPERANT RESOURCES 

Operand resources are defined as resources on "which an operation or act is performed to 

produce an effect" (Constantin & Lusch, 1994) or the ones that the user acts upon. In most cases, 

these are tangible goods of raw materials. Monetary assets (Arnould, 2007) and physical spaces 

(Penaloza & Mish, 2011) can also be regarded as operand resources. Throughout history, in 
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most societies, the activities were centred around natural resources, such as land, minerals, ore, 

animals, and food. The availability of these resources varies and is not infinite. 

Operant resources are the "resources that produce effects" (Constantin & Lusch, 1994). These 

are deployed to act on operand or other operant resources. In the second part of the 20th Century, 

becoming aware that the most significant resources are skills and knowledge led to a major shift 

in recognition of the primary importance of operant resources. Enabling value support requires 

utilising resources such as knowledge and leadership, which are essential for managing and 

implementing "chains of processes, interactions and outcomes" (Grönroos, 2006). 

For instance, the user could not use a smartphone without “how to use” information about it, 

operating it, or even performing a simple phone call. Another example would be a gallery 

exhibit item that the user has bought, such as Picasso’s famous Guernica painting. As an 

artwork, the user admires it. However, they would not stop there, and they would also want to 

know more, go beyond the shapes and form, and learn about its meaning, the story behind it, 

and the author who made it. It is the knowledge, the information, and the emotion that adds 

value to the material object.  

Operant resources are intangible, invisible, continuous and dynamic. In contrast, the operand 

services are static and finite in nature (Vargo & Lusch, 2004). Operant resources generate 

consequences and promote human ingenuity. They multiply the value of the operand resources 

and enable the creation of other operant resources by the users or the firms themselves. Thus, 

these can be viewed as Prahalad and Hamel (1990) concept of core competencies or 

organisational processes. Operant resources encompass concepts such as knowledge, physical 

and mental skills, competencies, intellectual property rights, and social resources. Furthermore, 

SD-L regards the user primarily as an operant resource – co-producer, and only in very few 

cases as operand one – the target (Vargo & Lusch, 2008). 
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Operant resources are always culture-dependent. In practical operations, the company first 

deploys its operant resources to forge its operand resources or other operant resources in such 

a manner that it can offer the customer a value proposition (Vargo & Lusch, 2008). A customer 

who chooses this proposition over others engages in a value creation process to which said 

customer brings their own operant and operand resources. Thereby, the value-in-use is 

experienced and phenomenologically determined by the beneficiary (Vargo & Lusch, 2008). 

Literature also shows that the use of operant can multiply the value of operand resources (Vargo 

& Lusch, 2004; Warnaby & Medway, 2015). 

Finally, consumers need to be able to use these resources. Services can provide consumers with 

the possibility of consuming resources and then facilitate the SD-L process. Services are 

unpacked in the following section. 

2.3.2 SERVICE DEFINITION 

Services are defined as the "application of specialised competencies (knowledge and skills), 

through deeds, processes, and performances for the benefit of another entity or the entity itself" 

(Vargo & Lusch, 2004, p. 2). Whenever an action is performed to assist an entity, this is 

considered a service, independent of the magnitude or the nature of this action. When multiple 

services are combined in a systematic package, they form a service system.  

A service system is defined as "an arrangement of resources (including people, technology, 

information) connected to other systems by value propositions" (Vargo & Lusch, 2008). For 

instance, an online store like Amazon (www.amazon.com) requires close cooperation between 

the webstore provider, the money transfer provider and the shipping provider. Maglio et al. 

(2009) state that any organisation, department within an organisation, nation, city, family or 

even a single individual could be considered a service system. 

http://www.amazon.com/
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The service package model can help companies manage service packages or service systems 

(Gronroos, 2007). The Service package model is composed of three service types: (i) core 

service, (ii) enabling services and (iii) enhancing services (Gronroos, 2007). Enabling services 

are necessary for the consumption of the core service. In contrast, the enhancing services 

support the offer of the core service, increase the value of the service and differentiate the 

service from the competing services. 

An illustrative example would be a museum where entertainment is the core service. Buying a 

ticket would be the enabling service because it is required to enter the museum and enable the 

use of the core service. However, the enhancements such as video projections, guided tours, 

free perks, gifts, and children’s fun areas could be looked at as enhancing services. These are 

not mandatory and are used only to increase the value of the service and differentiate it from 

the competition. 

As per above, places are complex that incorporate tangible and intangible aspects. Moreover, 

place is one of the 4Ps in the marketing mix. However, service marketing scholars argue that 

goods-dominant marketing constructs place too narrowly to accommodate the whole concept 

(Grönroos, 1994; Sherry Jr, 2000). Operand resources represent the physical objects or 

substances, and the operant resources can be regarded as cultural (history of the place or 

provided challenge), social (family relations, brands, or communities), and physical (feelings 

toward the place) (Vargo et al., 2010; Warnaby & Medway, 2015). Considering tangible and 

intangible conditions, a place can be conceptualised consistently with the SD-L principles. 

2.3.3 PLACES AS SERVICE SYSTEMS 

The notion of place in goods-dominant marketing science is one of the foundational 4Ps 

(McCarthy & Perreault, 1960). It is the facilitating setting where the sellers and buyers 

exchange money, goods, or services (Bagozzi, 1975), while others consider it a concept that 
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encompasses activities that allow the product's availability to the consumers (Armstrong et al., 

2015). 

The dualistic nature of place is evident through the use of the physical feature, such as location 

and infrastructure on the one hand, and the service-like features such as skills, demographics, 

communities, and SOP on the other hand. There have been a few attempts to recognise places 

through services marketing scope, such as the servicescape and replace constructs and 

servuction framework. 

The “servicescape” is a construct, where Venkatraman and Nelson (2008) define place as a 

“physical, material setting designed and built to shape consumption behaviour”, which 

encompasses ambience, function and design notions (Bitner, 2000). Another construct is the 

“servuction” framework (Langeard et al., 1981), where the focus is shifted to experiences of 

purchasing goods or services. This model separates the way the service is provided into visible 

and invisible elements. 

The visible element refers to the physical environment where this is performed and the physical 

entities, such as employees interacting with the customers. The invisible element refers to the 

invisible supporting infrastructure for the functioning of the visible element. 

In the “replace” construct, place “represents a repository of resources that are potentially 

available to consumers and other social units through exchange processes that transpire in 

consumption settings.” (Rosenbaum et al., 2017, p. 281). Furthermore, intentional interactions 

(Tuan, 1977) and resource exchange are facilitators of place meaning at offline or online 

locations. 

The approach of Warnaby and Medway (2015) shifts the focus onto the operant resources of a 

place, subsequently leading to the SD-L value co-creation concept and the importance of the 
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user. Individuals, groups, organisations or local authorities, according to SD-L, are considered 

only as intermediaries in offering place value proposition regarding the place product package 

assembly as a whole. These value propositions are created through resources integration, which 

essentially are the product elements provided by the place itself (Warnaby & Medway, 2015). 

Consequently, these place elements offer the consumer the means of finding, visiting or residing, 

so the consumer can realise the available benefits and experiences of the place (Warnaby, 2009). 

Regarding the SD-L principle, the value is always “uniquely and phenomenologically 

determined by the beneficiary” (Vargo & Lusch, 2008, p. 7). the above leads to a perspective 

where places are looked at in terms of meaning. This encompasses all place attributes, such as 

Place identity, Place attachment and Place dependence, incorporated into the SOP concept 

(Jorgensen & Stedman, 2001). 

Warnaby and Medway (2015, p. 417) define places as “service systems, in that they constitute 

a combination of both operand and operant resources, and/or hard and soft conditions, which 

are integrated to develop an offer (or a value proposition in SD-L parlance) to potential users.” 

Places as geographic locations are an inevitable convergence of a network of intricate 

interactions and exchanges among operant and operand resources. That is a consequence of the 

fixed position of place’s operand resources (Warnaby & Medway, 2015). 

The core service of the place service system is providing opportunities for development of 

meaning to the users (Gronroos, 2007). This is achieved through SOP, encompassing the 

concepts of PI, PA, and PD (Jorgensen & Stedman, 2001). In the context of place as a service 

system, it is beneficial to consider the PA in an individual context (Warnaby & Medway, 2015), 

PI in a group or communal context, around a shared identity and image (Aitken & Campelo, 

2011), and PD as opportunities facilitating context. 
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The user’s part of the value-creation process is conducted each time the place is being interacted 

with. Therefore, the place value is “co-created through the actions of those within and around 

it” (Warnaby & Medway, 2015, p. 414). This value co-creation process by combining resources 

can be categorised as internal, performed by the residents or entities at the place, and external, 

performed by tourists, visitors, or other external entities that use the place services. Nevertheless, 

as mentioned previously, this is dependent on the geographic or virtual location of the place 

itself. 

There are many different categories of places, such as natural or artificial, physical or virtual, 

and commercial or non-profit. The problem that may arise is how to motivate consumers to take 

advantage of the resources at these places and how to enhance the place to be more attractive 

and engaging? One of the possible answers can be found in games or game mechanics. These 

can attract users and provide unique experiences at places through location-based gaming (Frith, 

2016). For example, the Pokemon Go app has affected the players' communication and 

connectedness and increased their sense of belonging and SOP (Vella et al., 2019). Using game 

mechanics in relation to places has the potential to enhance the place’s core service (Oleksy & 

Wnuk, 2017). The next section looks at games as a service system. 

2.3.4 GAMES AS SERVICE SYSTEMS 

Playing predates human civilisation, and games played a significant role in the development of 

most societies and cultures throughout history (Huizinga, 1944). While the play is an 

unrestricted domain where the key components are imagination and "world-building," the 

games represent restrained areas "that challenge the interpretation and optimising of rules and 

tactics - not to mention time and space." (Walther, 2003) This separation between the notions 

of play and games has been discussed by Caillois (1961) as the notions of paidia and ludus. 
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Paidia (playing) is regarded as unrestrained, expressive, free, expressive, spontaneous 

behaviours and meaning or combination of meanings. Ludus (gaming) is constrained by rules, 

is structured and provides competition toward achieving distinctive goals (Deterding et al., 

2011). 

There are many definitions of what a game is and how to set the boundaries of what separates 

a game from other similar phenomena (Arjoranta, 2014; Stenros, 2017). In 1953 Wittgenstein 

(2010, p. 67) attempted to define games very broadly, arguing that the game concept should be 

comprehended as sharing what one might call family resemblances. Later definitions 

introduced goals, for instance, "A game is a form of play with goals and structure." (Maroney, 

2001, p. 2), and added the constructs such as rules, artificial conflicts and outcomes to the 

definitions (Avedon & Sutton-Smith, 1971, p. 7; Salen & Zimmerman, 2004, p. 80). McGonigal 

(2011, p. 21) stated that "When you strip away the genre differences and the technological 

complexities, all games share four defining traits: a goal, rules, a feedback system, and 

voluntary participation." An extensive number of over 60 game definitions dating since the 

1930s was presented and studied by Stenros (2017). 

All definitions share similar concepts and attempt to address the shortcomings discovered in 

the preceding definitions (Arjoranta, 2014). The key similarity across definitions is the set of 

conditions that must be met for a game to emerge. Any single condition individually is not 

sufficient to generate a game which is only possible when these conditions are combined (Juul, 

2010). Even though the emphasis varies by particular definition, the systemic nature (Arjoranta, 

2014; Stenros, 2017) and the experiential conditions are found in all definitions (Huotari & 

Hamari, 2017). The system element is used to formulate and describe the structure of a game, 

while the experiential element refers to human involvement (Huotari & Hamari, 2017). 
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Huotari and Hamari (2017) also compare game definitions by the features present in all 

definitions, concluding that "games are systems". Games are constituted from various 

"interacting sets of mechanisms and actors," which is considered a "systemic condition." 

Moreover, "involvement of at least one player" is critical for game emergence, which is 

considered under the term "experiential condition" (Huotari & Hamari, 2017, p. 22). 

The importance of rules is also evident in almost all game definitions (Stenros, 2017). To 

understand the impact of rules on games, one needs to explore the concepts of playfulness and 

gamefulness that can also be regarded as rule-less and rule-full dimensions of the fun 

experiences, respectively. The following section further unpacks and compares these concepts. 

2.3.4.1 PLAYFULNESS VERSUS GAMEFULNESS 

Play is an inseparable part of games. Nonetheless, the definitions hold that explicit system rules 

constrain gaming and games and incorporate player competition and struggle to overcome the 

obstacles toward distinct aims or outcomes, which is the opposite of playing and toys 

(Deterding et al., 2011; Juul, 2010, 2011; Salen & Zimmerman, 2004). 

However, the concept of playfulness has received no agreement among scholars (Deterding et 

al., 2011). As Deterding (2014) points out, playfulness is often conceptualised as "fun" 

(Costello & Edmonds, 2007), a "pleasurable experience" (Fontijn & Hoonhout, 2007), or any 

context that is beyond utilitarian tasks (Gaver et al., 2004; Korhonen et al., 2009; Morrison et 

al., 2007; Salen & Zimmerman, 2004). 

In 2010, McGonigal (2011, p. 12) introduced the concept of being gameful as "who we become 

when we play a good game." This experience was later referred to as gamefulness (Walz & 

Deterding, 2015). Several authors suggest that gamefulness complements playfulness 

(Deterding et al., 2011). While playfulness represents the paidia segment and encompasses the 
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behavioural and experiential features, gamefulness refers to the ludus segment, which embodies 

the gaming qualities. Drawing upon the psychologists and game scholars, (Huotari & Hamari, 

2017) suggests that gamefulness or the "gameful experiences" concept incorporates the 

psychological aspects of voluntary involvement, hedonic pleasure, relatedness, mastery, 

autonomy, flow, suspense, and competence. Figure 6 illustrates the relationship between these 

four concepts and their interrelation. 

Figure 6 

Gamefulness and Playfulness 

 

Note: Gamefullness and playfulness regarded from systemic or outcome axis against paidia and ludus 

continuum, adapted and modified from Deterding et al. (2011). 

Games emerge as a product of a systematic ludic activity, where gamefulness results from this 

activity. As games are complex systems encompassing various rules, affordances, mechanics, 

and dynamics, an examination through the lens of SD-L and service marketing may provide a 

deeper comprehension of games. 
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2.3.5 GAMES FROM SD-L PERSPECTIVE 

Service marketing defines the service in a broad sense. Any interactive process or system that 

offers a value proposition can be referred to as a service or service system respectively. 

Moreover, the central notion derived from the game definitions is that games are systems. 

Therefore, these can be investigated through the SD-L and service marketing theory, where the 

game elements can be described as services and the games as service systems. (Huotari & 

Hamari, 2017, p. 25) assert that "games are always regarded as systems demanding the player’s 

active involvement," thus their value is created by the player (user). Evidence of this can be 

found in the End-User License Agreement (EULA) and the Terms of Use (TOU) of the game 

World of Warcraft by the game developer Blizzard Entertainment. In the EULA/TOU, Blizzard 

is presented as a service provider while the game/product is presented as a service (Ruch, 2009).  

Video games software development is a multibillion-dollar industry that relies on a software 

engineering paradigm. Software engineering is defined as “the application of a systematic, 

disciplined, quantifiable approach to the development, operation, and maintenance of software; 

that is, the application of engineering to software)” (Bourque & Fairley, 2014). Moreover, 

software engineering is defined as the "systematic application of scientific and technological 

knowledge, methods, and experience to the design, implementation, testing, and documentation 

of software to optimise its production, support, and quality" (Biffl et al., 2006; ISO, 2015-05). 

Therefore, from the SD-L standpoint, it could be considered a service system. 

The phases of software engineering, such as planning, analysis, design, implementation, 

integration, testing and maintenance, can be viewed as services and operate with specific and 

interconnected resources (Sommerville, 2011). In Figure 7, the agile process paradigm is 

illustrated as one example of the structure of the software engineering process, integrating the 

phases as subprocesses together in a service system. 
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Scrum is an example of the agile development method in software engineering. It is focused on 

a series of sprints executed in fixed periods when a system element is developed (Conboy et al., 

2015; Marques et al., 2018), including the customer and the consumer in every cycle. For 

example, any software engineering effort requires financing, an operand resource, and activities 

such as gathering requirements, interface design, coding, debugging, and updating, which are 

operant resources. Due to the fact that video games are software engineering outputs, the whole 

SD-L approach applies to them, as well. 

Figure 7 

The Scrum Model of Software Engineering Phases  

 

 

Note: Based on Sommerville (2011).  

The value of a game is created during the gameplay and whenever there is an interaction 

between the player and the game. In many cases, players can be co-producers or co-developers 

of the game by taking an active part during the development or the maintenance phase of the 

game (software) lifecycle (Huotari & Hamari, 2017). In the gameplay, the player's 

competencies, such as skills, specialised knowledge, and earlier experience, are looked at as 

operant resources (Huotari & Hamari, 2017). These subjective entities are the tools that shape 

the games into individual and unique experiences (Juul, 2010). 

Due to the service nature of games, SD-L requires that only the player's direct participation can 

complete a game as output, accomplished through playing the game. This is in agreement with 
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Juul (2010)'s and several other game definitions, where voluntary participation is one of the key 

components of a game. It is also one of the four defining traits of a game (McGonigal, 2011): 

the goal, rules, feedback system, and voluntary participation. The subjective perception of the 

game experience determines if and when a game occurs. Even while playing the same game, 

for some players, gameful experiences emerge, while for other players, this is not true. 

Some authors suggest that this separation could result from the differentiation in certain operant 

resources, such as the players’ skills (Hamari & Tuunanen, 2014). Huotari and Hamari (2017) 

assert that game emergence is only possible when a service results in a gameful experience, as 

a condition that can be experienced only through games. That implies that gameful experiences 

are the sole predictor of game emergence. Considering all of the above, in this thesis, games 

are defined as service systems that generate gameful experiences. 

In line with service package models, enabling service in the game service system is the 

interaction with the player. The enhancing services could be considered all services supporting 

the enhanced experience while playing the game, such as forums, support, use of specialised 

controllers, virtual reality implementation, in-game purchase services and social networks 

integrations. Following the same model, the core service of a game system is the "provision of 

the hedonic experiences" (Huotari & Hamari, 2017, p. 25). The key term "hedonic," originating 

from the Greek, hēdonikos, from hēdonē, was coined in the 17th Century and means "pleasure" 

(Oxford Dictionary, 2017). Therefore, hedonic experiences are characterised by the sensations 

in the means of pleasant or unpleasant. Moreover, these are also considered to be strong 

motivators (Higgins, 2006). In the context of games, the provided hedonic experiences include 

challenges (mastery) (Huotari & Hamari, 2017), flow (enjoyment) (Csikszentmihalyi, 2014), 

anticipation (suspense) (Kim, 2008) and unique to games - "gamefulness" (McGonigal, 2011).  
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The perceived value of a game is profoundly individual (Huotari & Hamari, 2017). SD-L holds 

that firms can only make value propositions and offer resources (Vargo & Lusch, 2004). 

Therefore, the value of a game service is determined only by the players and how they 

subjectively perceive the provided hedonic experiences. 

However, using game mechanics and dynamics is not unique to games. These game elements 

can be used in everyday life and non-gaming scenarios (Deterding et al., 2011), particularly 

interesting from the place service perspective. This is where the concept of gamification 

emerges. The next section explores gamification in-depth, beginning with the history, followed 

by definition, through the theories of motivation to game mechanics. 
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2.4 GAMIFICATION 

Gamification is a process that uses methods, metaphors, values, and attributes of the games for 

a “total permeation of our society” (Fuchs et al., 2014, p. 119). It is about understanding and 

influencing human behaviours. Over the past few years, the analysis is showing the steady 

growth of gamification throughout many disciplines (O'Donnell et al., 2017). However, one 

should ask if there is any essence to the acclaimed benefits (Dale, 2014)? Nevertheless, 

“gamification is transforming our world” with unprecedented permeability (Reilhac, 2018). 

The main difference between games and gamification from the SD-L perspective is that while 

games are complex service systems, gamification is an enhancing service that uses game 

elements in a service system. This essentially means that a game contains an enabling service 

(inquiry/interaction), core service (hedonic experiences) and enhancing services (printed maps 

or figurines, forums, help and support and social networks). On the other hand, Gamification is 

a service designed to enhance an already existing or a new service, such as a scavenger hunt in 

an exhibit or concert. Moreover, gamification also embodies a utilitarian component that is 

absent in games. The users will benefit by enhancing their experience and consequently lead to 

benefits for the stakeholders, such as retention, exposure, and sustainability. Even though 

gamification is a fairly new term, gamification concepts have been used throughout history. 

This is the subject of the next section. 

2.4.1 GAMIFICATION IN HISTORY 

The British game developer Nick Pelling coined the term gamification within the current 

context in 2009 (Marczewski, 2013; Werbach & Hunter, 2012). Gamification is constructed 

from the word game, defined above as a service system that provides a gameful experience (see 

section 2.3.4) and the forming word –fication, meaning “the process of becoming, making 
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production” (Merriam-Webster, 2017). It is also found as a synonym for gameful experience 

and playfulness (Deterding et al., 2011; Hamari et al., 2014). 

The English term “gamification” is the most popular one in the literature, even though various 

other terms have been introduced in many other languages, such as Spanish “ludificação”, 

German “ludización” or “ludifizierung”, Italian “ludicizzazione”, Greek “παιγνιδοποίηση”, and 

Swedish “gamificación” (Fuchs et al., 2014). 

Long before digital computers and video games became popular, there is evidence of using the 

pre-digital predecessors of gamification. Throughout history, it has been used in many fields, 

from education, work, and music through magic, religious practice, and lifestyle to gamification 

of killing (Dale, 2014; Fuchs et al., 2014; Nelson, 2012).  

2.4.1.1 BEFORE THE 20TH CENTURY 

In many world religions, such as Ancient Greek, Nordic or Hindu, even the gods had much fun 

and were portrayed as playful beings. However, in Jewish-Christian and Islam mythology, the 

protagonists never laugh, never make love, and rarely play. This phenomenon is captured 

through Einstein’s famous phrase, “God does not play dice with the universe”. In Christianity, 

any ludic activity is often associated with the notion of the devil. The “burning of games” even 

precedes the “burning of books”. In 1769, Gerhard Tersteegen invented the “Pious lottery”. The 

lottery was played with 365 cards that contained advice and words of wisdom for the Christian 

believers (Fuchs et al., 2014). The game was played by selecting a card from the deck, and by 

this, the players played the game of cards and were also practising devotion to the values of the 

Christian religion. Most of the critic was unsatisfied with his ludification of the religious 

practice, even though what he proposed made praying or experiencing religion more enjoyable 

and acceptable. Fuchs et al. (2014, p. 124) suggest that, in a way, Tersteegen tried to “increase 

customer loyalty with fun elements”.  



   
 

63 
 

In the 18th century, contemporary composers worked on something that can be looked at as 

gamification of music composition, which can correlate with the modern-day gamification in 

marketing. The names such as Mozart, Kirnberger, Stadler and Emanuel Bach proposed that 

music can be perceived as a game that follows certain rules and has an element of chance. They 

used a rule system based on dice to compose music on stage. A similar concept was also present 

in dance, as it states that dance was conceived as a game in 18th Century Vienna (Fuchs, 2016). 

At that time, another gamification-like emerges in the attempt by contemporary authors such as 

Wolfgang Schwarzkopf to separate magic from the supernatural and establish it in the scientific 

realm and as a playful activity. 

Trying to express the spirit of his time, Bernoulli, in 1751, summarised the century that he lived 

in as “Free Spirits’ Journal and the Century of Play” (Fuchs, 2016). This observation is 

expressed mainly concerning the lifestyle at that time. Because of the frequent travellers at the 

time, many games spread across Europe and were played in all social circles. There is also the 

emergence of the playrooms, introduced by the higher classes, as dedicated rooms with a 

specially designed interior for playing. The gamification concept evolved the social lifestyle 

via increased availability of games, gaming circles, and social acceptance (Fuchs et al., 2014). 

The 19th Century marks the emergence of the first attempts at gamification of learning. It is 

Mark Twain who was one of the pioneers of using the concept in this domain. He brought the 

idea when trying to invent an easy way that his daughters could remember historical dates. By 

translating the periods and dates on a land strip, he put stakes in the ground where each foot 

represented a year so that they could remember the dates by the spatial position. It proved to be 

a very efficient method for learning, and soon he patented a game board called Memory board, 

similarly using pins and divided by years. By declaring learning as an entertaining activity while 
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framing it within a board game and gamifying the historical data as spatial information, he 

introduced elements of play in the teaching process (Fuchs et al., 2014). 

2.4.1.2 20TH CENTURY 

The concept of gamification in the 20th Century has been used throughout the century for 

gamification of working places by the governments of the United States and the Soviet Union 

(Nelson, 2012). In 1934, a decade before the first programmable computers were introduced, 

“Mary Poppins”, a character developed by Pamela Travers, captured the fun in a Disney movie. 

She was singing this rhyme: “In ev’ry job that must be done - There is an element of fun - You 

find the fun, and snap! - The job’s a game!”(Fuchs et al., 2014). 

In the 1970s, gamification concepts were incepted through loyalty schemes, such as frequent 

flier miles, toys found in cereal products, and green stamps (Dale, 2014). This decade also 

witnessed the emergence of academic papers and books on gamification concepts specifically 

targeted the domain of learning. 

Even though the concept behind gamification long precedes the emergence of the term, the 

development of the digital game industry, as the maturing of the gamers that became active in 

their working lives, offered a possibility for permeation of this concept (Dale, 2014). Despite 

all criticism and many failed attempts, the appearance of the Internet, mainly through social 

networks, digital media, and location-based services, introduced even more fertile ground for 

growing the gamification movement. 

The proliferation of computers in the classrooms provided space for the implementation of more 

advanced gamified concepts. The introduction of learning games such as Math Blaster and The 

Incredible Machine substantially affected children’s learning process. The games were not 
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merged with the curriculum, mainly due to the criticism that the process would be challenging 

and that the games were overly focused on limited skillset such as simple algebra (Dale, 2014). 

2.4.1.3 21ST CENTURY 

The beginning of the 21st century introduced the term “gamification”, first used by Nick Pelling 

in 2003 (Marczewski, 2013) as a description of his work at “Cohundra”, a consultancy firm for 

making hardware more fun. Even though it was short-lived, it marks the first attempt in offering 

a gamified service for consumer products and enterprises. 

In 2004, the game Peacemaker was launched under the initiative Games for Change (G4C), 

which specialised in developing games as social impact tools. Peacemaker was used to show 

the difficulties in the middle eastern, Arab and Israeli conflicts by offering the player to choose 

a side and view the situation from both viewpoints and provide the players with information 

about the social issues in play (Dale, 2014). 

In 2005, Bunchball (www.bunchball.com) implemented the first modern gamification system, 

providing the organisations with a platform for creating a gamified process. They used ready to 

implement game elements such as points, badges and leaderboards. The term “gameification” 

(re)appeared in 2008 in a blog post by Brett Terrill (Terrill, 2008), where he described it as 

“taking game mechanics and applying them to other web properties to increase engagement.” 

(Huotari & Hamari, 2017) Five years later, the term became more widespread in the industry 

(Deterding et al., 2011b) and in academia (Hamari et al., 2014). The gamification’s inaugural 

summit was held in 2011 in San Francisco, and the event hosted nearly 400 attendees. 

The success of gamified applications, such as Foursquare (www.foursquare.com), acted as an 

inspiration for various large corporate businesses to adopt gamification, marking the corporate 

gamification take off. Gamification was added in Gartner’s technology “Hype Cycle” (Gartner, 

http://www.foursquare.com/
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2017), and gamification was added to the word of the year shortlist by the Oxford Dictionary. 

Gamification marketing, software, and consulting reached global revenue of nearly $100 

million (Dale, 2014). In 2011, Deterding et al. (2011), at MindTrek 2011 conference, defined 

gamification as the use of game elements in non-gaming contexts. 

Although, in 2012, the opinions about gamification effectiveness were still divided, more 

experiments with the concept were emerging. Huotari and Hamari (2012) suggest defining 

gamification from a service marketing perspective. Massive Open Online Course (MOOC) on 

gamification was offered by Coursera (www.coursera.com) with over 80,000 registered users, 

continuing with 66,000 in 2013. Werbach (2014) offers another definition of gamification, 

looking at it as a process. 

In 2016, the retailers were in the phase of adoption and investment in smart digital technology, 

which is a plateau “on which consumer behaviour and marketing practices have yet to catch up 

and get synchronised with technology” (Vrontis et al., 2016). The body of scientific literature 

on gamification is growing, and it is finding its applications in various domains, from medicine 

to learning and the digital workplace. The 2017 update on Gartner’s “Hype Cycle” showed that 

gamification is past the phase of disillusionment and climbing on the slope of enlightenment. It 

is predicted to plateau predicted in 2022 (Gartner & Huang, 2017). 

Nevertheless, the end of the twentieth and the beginning of the twenty-first century are 

repeating the game craze of the eighteenth century. The modern living features offer pervasive 

availability, channels for worldwide distribution, and the computer games acceptance that 

reaches beyond human separation by classes or social groups. “Games no longer belong to any 

age group, ethnicity, gender, or subculture” (Fuchs et al., 2014, p. 132). This gameful world is 

where the gamification is grounded. 
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2.4.2 Defining Gamification 

The connection of gamification to games is inevitable, with some authors even suggesting that 

games and gamification in some contexts are indiscernible from each other or even are the same 

concept (Huotari & Hamari, 2017). However, drawing on services marketing, the primary 

intention is different. Still, the concept is being challenged in the literature. There are three main 

adopted definitions of gamification, characterised by different elemental aspects (see Table 1).  

Table 1  

Core Definitions of Gamification Broken Down into Elemental Aspects  

  Definition sources  

 Deterding et al. (2011) Huotari and Hamari (2016) Werbach (2014) 

Source System 

elements/affordances  

“game design elements” 

– characteristic of 

games 

“(motivational) 

affordances” not explicitly 

restricting the set of design 

elements 

“game design elements” – 

elements that are 

characteristic of games 

Psychological 

mediators/outcomes 

[Not explicated]  “gameful experiences” – 

referring to, but not limited 

to, the set discussed in 

section 2.3.4 

[Not explicated]  

Gamification goal [Not explicated]  “value creation” – derived 

from service marketing 

literature intending to refer 

to whatever set of gamified 

activities  

accomplish organizational 

goals 

Gamification context “non-game contexts”  [Not explicated]  [Not explicated]  

Definition focus System User experience System 

Note: Adapted from Huotari and Hamari (2017). Available under CC BY 4.0 licence. 

Deterding et al. (2011) define gamification as the “use of game mechanics and dynamics in a 

non-game context.” Werbach (2014) defines it as a “process of making activities game-like.” 

Huotari and Hamari (2017) define gamification as “a process of enhancing a service with 

affordances for gameful experiences to support users’ overall value creation.” The first and the 

second definitions focus on the uses of game elements and describe the methods that 

gamification deploys. These two definitions are characterised by their reliance on the game 

elements as the source affordances of the system, and their focus is on the gamified system. 

https://creativecommons.org/licenses/by/4.0/
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The third definition, by Huotari and Hamari (2017), focuses on using gamification from the 

service marketing perspective while leaning towards the user experiences (Bowser et al., 2013; 

Olsson et al., 2016), emphasising the user experience that gamification affords. The 

motivational affordances here do not explicitly restrict the design elements, and all are driven 

by intrinsic motivation. Huotari and Hamari (2017) argue that the context of gamification cannot 

be fathomed because non-game contexts are objectively indistinguishable from game contexts as a 

function of the subjective and experiential nature of games. It is also important to highlight that this 

definition does not imply that the process of gamification is inherently successful. 

Gamification is dichotomous in nature, and unlike most games, it has two dimensions, utilitarian 

and hedonic. In the last decades, these dimensions have had a spiral-like state of convergence that 

has completed a full circle in the present day. As a consequence, we witness a trend of entertainment 

or hedonic technologies being repurposed for productive applications. Hedonic IS were born from 

the repurposing instrumental ICT, such as oscilloscopes and the first computers. The technological 

advancements facilitated the rise of video consoles, and today these hedonic software and hardware 

systems are pervasive and focus purely on user enjoyment. However, as presented above, especially 

in the last decade, the circle started to close, and now hedonic systems are merging back into the 

utilitarian and even creating new types of systems (Koivisto & Hamari, 2019a). Gamification at the 

core is a design approach of using game elements “into different types of systems and services, with 

the goal of affording gameful experiences.” (Koivisto & Hamari, 2019a, p. 192) 

Gamification attempts to support the user in creating gameful experiences (Thomas et al., 2021) 

that would promote the user’s overall value creation. Still, there are two specific goals that 

gamification can be measured against. The first goal is affording gameful experiences, and the 

second goal is supporting the overall value creation. 
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Some of the defining traits of a gameful experience are its voluntary, autotelic, and intrinsically 

motivated nature. Moreover, the evolution of gamification has been driven by motivations to 

harness positive effects and provide for enhanced uses. Subsequently, various theoretical 

adaptations were used to resolve gamification’s power for motivation (see Table 2). 

Table 2 

Theories Used in Explaining Motivation in Gamification  

Motivational Theory  Gamified Context Instance: 

Self Determination Theory (SDT) (Ryan & Deci, 2000) (Nicholson, 2015; Vaezipour et al., 

2016; Xu et al., 2021) 

Theory of Flow (Csikszentmihalyi, 2014) (Domínguez et al., 2013; Hamari & 

Koivisto, 2014; Oliveira et al., 2021) 

Hierarchy of needs (Maslow, 1971) (Reiners & Wood, 2014; Richter et 

al., 2015) 

Expectancy-value theory (Fishbein & Ajzen, 1975)  (Richter et al., 2015) 

Goal Setting theory (Locke & Latham, 1994) (Reiners & Wood, 2014) 

Motivation wave theory (Fogg, 2009) (Hägglund, 2012; Ruengaramrut et 

al., 2020) 

Theory of 16 Basic Desires (Reiss & Havercamp, 1998) (Lewis, 2014) 

Theory of internal desires (James, 1913) (Gears & Braun, 2013) 

Theory of intrinsic motivation in games (Malone, 1981) (Iacovides et al., 2011) 

Social aspects impact the gaming experience model (Calleja, 

2010) 

(Herrewijn & Poels, 2016; Iacovides 

et al., 2011) 

Theory of Reasoned Action (TRA) (Fishbein & Ajzen, 1975) (Rodrigues et al., 2013) 

Technology Acceptance Model (TAM) (Venkatesh & Bala, 

2008)  

(Rodrigues et al., 2013; Yang et al., 

2017) 

Theory of Operant Conditioning (Skinner, 1938) (Kotsopoulos et al., 2016) 

 

Ryan and Deci (2000) Self-Determination Theory (SDT) and its various sub-theories are 

suggested by the majority of the researchers as the means to explain the motivational power of 

gamification (Kotsopoulos et al., 2016; Seaborn & Fels, 2015). The conceptual background of 

this theory includes the notions of (i) competence, a challenge to obtain new skills through 

which the “mastery” is achieved; (ii) autonomy, which is a person’s feeling of being in control, 
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which governs the outcomes of the actions taken; and (iii) relatedness or psychological 

relatedness, the need of a person to experience a sense of belonging, interaction, and connection 

with others (Adukaite & Cantoni, 2016). These three factors are the components of intrinsic 

motivation (Deci & Ryan, 1985; Ryan & Deci, 2000; Vansteenkiste & Ryan, 2013), and the 

high presence of these factors is the best predictor of intrinsic motivation. Moreover, to promote 

changes in behaviour, these notions are often targeted (Vaezipour et al., 2016).  

Flow theory by Csikszentmihalyi (2014) is also widely cited in the literature (Groh, 2012; 

Schacht & Schacht, 2012; Seaborn & Fels, 2015) to provide theoretical support for developing 

and designing applications that offer proportional challenges and experiences for the users. In 

simple terms, the theory explains that a flow state is created when one is challenged enough to 

be taxed but not too challenged to be frustrated. A flow channel develops when habituation to 

the challenge is met with calibrated increases in it. Motivation to continue grows as the flow is 

maintained. 

The most frequent use of gamification is to alter or change users’ behaviour and incentivise or 

boost their motivation to use a system or service (Hamari et al., 2014). The next section explains 

the types of motivation used in gamification and the of that source of motivation. 

2.4.3 MOTIVATION IN GAMIFICATION 

Considering the reasons and goals that give rise to an action, motivation can be considered 

intrinsic and extrinsic. To be intrinsically motivated means that a person will perform an activity 

because they experience it as inherently enjoyable and deeply believe in the underlying values 

(Ryan & Deci, 2000). Extrinsic motivation emerges when a person is either trying to avoid 

something or receive something in return, for example, a reward in the form of payment or fame 

(Tiam-Lee & See, 2014). Even though the line of division between gamification and games is 

still not defined precisely enough (Huotari & Hamari, 2017), gamification is only possible while 



   
 

71 
 

motivation is purely intrinsic and affordances are used to enhance the value co-creation (Liu et 

al., 2011). Otherwise, the implementation can be considered a game or a loyalty scheme. 

However, in their research, Thiel and Fröhlich (2017) reviewed various projects that include 

gamification of participation and have found that most of the implementations use reward 

schemes featuring extrinsic motivation. Anderson and Rainie (2012, p. 299) point out that 

implementing incentives or reward systems within an activity could produce the effect of 

activity not being valuable enough to be performed without the support of rewards (Thiel & 

Fröhlich, 2017) and produce a decline in quality (Frei, 2009; Kohn, 1999). Research by Thiel 

and Fröhlich (2017) shows that intrinsic motivation is not substituted or diminished by using 

extrinsic motivation, as proposed by Kohn (1999) and Zichermann and Cunningham (2011). 

Nevertheless, when gamification is compared to other economic motivators, it is considered a 

non-monetary incentive (Liu et al., 2011). 

Nicholson (2012) points out that criticisers argue how gamification may have mutated to a 

metonym for introducing points and badges inside applications for interaction purposes. Hong 

(2021) argues that the issue is not this gamification reductiveness. The issue emerges when an 

idea is compartmentalised and then loses its whole. The idea becomes empowerment only to 

some. Fortunately, the modern implementation builds upon the pitfalls of old. They take the 

concept called “gamification design thinking” beyond the criticism of the oversimplistic use of 

game mechanics, where these game mechanics such as points, badges, leaderboards, or PBLs 

are referred to in a derogatory way, so often flattened on gamification. 

Through time and with experience, gamification evolves and diffuses and embeds into “things”. 

Gamification evolved over the PBLs, into a torrent of high-quality design affordances to well-

measured and executed design decisions meant to lead us, the “irrational humans”, to make 

rational choices. Moreover, the inclusion of game elements such as competition, meaning or 
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narrative, and time constraints can lead to a gameful interaction (Thiel & Fröhlich, 2017). 

Research shows many successful gamification implementations, although some studies reveal 

no significant impact of gamified implementations (Hamari et al., 2014; Morschheuser et al., 

2016; Seaborn & Fels, 2015). The authors attribute the insignificant effects to various factors, 

such as the motivation of the users, the nature of the gamified system and gamification not 

being effective in utilitarian settings. There were also reported short term only effects of 

gamification, which were attributed to the novelty effect. 

Nevertheless, studies have proven that by introducing game elements in an application, 

gamification increases engagement (Bowser et al., 2013; Denny, 2013; Liu et al., 2011), leading 

to a more enjoyable experience. Moreover, this experience can increase user “motivation to 

engage” (Hamari, 2015; Thiel & Fröhlich, 2017). Bowser et al. (2013) also, state that the user 

group in their research was primarily motivated by gamification. However, as Liu et al. (2011) 

assert, it is vital to understand that shifting the user's behaviour cannot be “magically” 

accomplished in a service system where users are not attracted to the core service at all. In 

contrast, the users deeply interested in the core service are less likely to be affected by the 

gamified element. 

Gamification drives engagement and participation by integrating game affordances such as 

game mechanics, dynamics, and aesthetics, where the user is engaged. Moreover, enhancing 

services such as Foursquare, StackOverflow, and Freeletics implementing effective game 

mechanics, allow compelling user experiences to bind with everyday activities. Game 

affordances are discussed in the next section. 

2.4.4 GAME AFFORDANCES  

As Hunicke et al. (2004) propose, game mechanics can be regarded as part of a larger game 

design tripartite framework that constitutes game mechanics, game dynamics, and game 
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aesthetics (MDA framework) to support an iterative formal approach to game design and 

development. 

Game mechanics are constructs of methods delimited by rules which appear and are designed 

for interaction within a gameworld, enabling and supporting the gameplay (Hunicke et al., 2004; 

Sicart, 2008). When employed in gamification, these include points, levels, leaderboards, 

customisation, badges, quests and social engagement loops (de Byl, 2013; Zichermann & 

Cunningham, 2011). The right choice of game elements is vital to the user’s perception, and 

various combinations of game elements can lead to increased motivation (Thiel & Fröhlich, 

2017). These constitute most of what the player immediately notices as game elements. The 

mechanics are related to the rules or the functioning game components and provide means for 

the designer to guide the player's actions. 

By contrast, the game elements, the behaviours that emerge from the interaction between the 

players and concrete game mechanics at a more abstract level are game dynamics (Hunicke et 

al., 2004). The dynamics relate to the system itself, describing the behaviour of a mechanic or 

multiple mechanics acting on the interaction with the player during the gameplay. In a broad 

sense, If the mechanics are the rules and tools of the game, the dynamics would be the actual 

gameplay. 

Bunchball (2010) refer to game dynamics as an expressive set of emotions, behaviours and 

desires with particular meanings or importance to the users. The proposed gamification 

dynamics include competition, collaboration, community, collection, achievement, surprise, 

progress (emotional) and exploration. Furthermore, examples of game dynamics include 

appointment, behavioural momentum, feedback, time pressure, and certain abilities that game 

avatars can develop during the gameplay (Kim, 2015). Table 3 illustrates the relationship 

between the dynamics and the mechanics and how these come together during the gameplay. 
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Table 3 

Relation Between Game Mechanics and Game Dynamics During the Gameplay  

 Game Dynamics 

 
Competition Collaboration Community Collection Achievement Surprise Progress Exploration 

Points     
 

 
 

 

Levels 

 

  

  

 

 

 

Leaderboards  

 

      

Customisation        

 

Badges   
      

Quests 

 

   

  

 

 

Social 

engagement 

loops    

   

  

Note: Based on Bunchball (2010).  

These game dynamics are the compelling desires and motivation that manifest as behaviours 

and intrinsic motivation. Overall, these evoke emotions and provide motivations and not only 

define they also propel game aesthetics. Game dynamics act upon the game mechanics, and 

game mechanics evoke game aesthetics (Hunicke et al., 2004). 

The game elements classified as game aesthetics are the emerging emotions, the desired 

experience for the player that a game attempts to generate through the gameplay. Game 

aesthetics relate to the fun dimension describing the player’s emotional responses while 

interacting with the game system, or in short, how the player feels while playing the game. 

Game aesthetics include experiences such as fellowship, challenge, narrative, discovery, 

expression, submission, sensation, and fantasy (Hunicke et al., 2004; Kim, 2015). 
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An example of these three constructs can be found in any game. The chess game is an excellent 

example; mechanics are the relationship between the board, the pieces, and the rules. 

Everything one needs to play, and the rules specifying how one plays, such as “pieces are of 

equal amount and are black and white”, “pawn moves one field forward, except when attacking”, 

or “a knight can move over other pieces”. The dynamics are the processes and behaviours that 

arise when one plays the game, for instance, sacrificing a piece to trick the opponent or 

exploring a new tactic to confuse the opponent. 

At the beginning of the game, both players start as equals. As the gameplay progresses, one of 

the players gains advantages, such as a better position of the piece or having more pieces on the 

other player's disadvantage. All this eventually leads to one winning and the other losing the 

game. The example aesthetics come in the form of a feeling of anticipation, tension and joy in 

the beginning, or the sadness of losing the game and the joy of being the winner at the end. A 

sample of common game mechanics used for gamification purposes and their relations to 

motivations and the dynamics are presented below. 

Points are rewards accumulated during the gameplay. A winner of a game is determined by 

comparing the individual sum of points from all players. Examples of the use of points are the 

banking system where customers accumulate points when using their credit cards; the airlines 

offer frequent flyer schemes, or tourists acquire points by posting photos from a destination on 

social networks. Points motivate people by giving the recipient a virtual accumulating reward 

that leads to a greater prize. Also, points build customer loyalty as is the ultimate goal of 

commercial enterprises gamifying their experiences (Zichermann & Cunningham, 2011). 

Levels provide the players and customers with status and indicate progress (Zichermann & 

Cunningham, 2011). A level represents a discrete subdivision, story chapter, a set of challenges 

or a set of resources in a game world. The players progress from a lower level to the next higher 
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level (levelling up) when the number of points reaches the predetermined threshold, and also, 

as the game progresses, levels become harder. 

Examples of levels are found in banking as various types of credit cards such as bronze, silver, 

and platinum. Online forums also have levels based on the number of posts and helpfulness that 

offer better options and status. The airlines offer the frequent flyer class system based on the 

miles flown per year (de Byl, 2013). Levels serve as a marker for players to know where they 

stand in a gaming experience over time. 

The purpose of a leaderboard is to make comparisons of the player’s nicknames and scores 

while the game is not played (Zichermann & Cunningham, 2011). The leaderboards present 

aspiration and competition to players’, customers’ and students’ behaviour by providing a 

challenge to keep playing in order to improve the score status (de Byl, 2013). The desire to 

appear on a leaderboard drives the player to acquire more points, leading to deeper engagement. 

Players can compare their progress against friends and colleagues. Leaderboards are found in 

various rating systems in sports, the movie industry or consumer electronics. While designing 

a leaderboard, the players' privacy should also be taken into consideration (Zichermann & 

Cunningham, 2011). 

With customisation, games offer players the personalisation of their gameplay experience. An 

example of this is the game option to change the controls or the controller or customise the look, 

gender or race of a role-playing game character. Customisation is mimicked in many real-life 

services and businesses. For example, the mobile phone manufacturer Motorola Inc. offered 

customisation of their mobile phones' colours and materials. Customisation maximizes the user 

value-in-use of the brand (Maklan & Knox, 1997), and when implemented in gamified 

scenarios, this game mechanic strengthens loyalty. 
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Badges are the visual recognition of having reached new levels or completed challenges. They 

show status and provide recognition for positive effort. In games, badges are given out when 

the player successfully completes an activity or gathers sufficient resources. Examples of 

badges can be found in many aspects of life, like the military as medals or pins, the car industry 

as marks or text on the car, or badges in sports. According to Antin and Churchill (2011), the 

five purposes of the badges are goal setting, instruction, reputation, status and affirmation, and 

group identification. Badges provide social validation by offering users to display their 

conformity to the behaviour and expectations of other users. Because the badges are publicly 

visible, they can function as social markers (Hamari, 2015). 

Challenges and quests provide the players with direction for what to do within the gamified 

system. In gaming, a quest is a small challenge a player attempts as part of the larger game, 

taking players on a journey through gameplay and story narrative (de Byl, 2013). An example 

is a role-playing game, Skyrim by Bethesda Game Studious, in which the player can select from 

hundreds of quests that follow or diverge from the main story narrative. Some quests are 

mandatory, and some are not. Other examples include the game World of Warcraft by Blizzard 

Entertainment and the productivity app EpicWin by Rexbox & SuperMono Studios 

(www.rexbox.co.uk). 

Viral marketing is a frequently used method in gamified experiences and is derived from a 

social engagement loop (de Byl, 2013). In this loop, the user is continuously engaged and re-

engaged with a product or service. The loop begins with a motivating emotion that leads to 

player re-engagement, followed by a social call to action, leading to visible progress and/or 

rewards, which closes the loop leading back to a motivating emotion (Zichermann & 

Cunningham, 2011). 

http://www.rexbox.co.uk/
http://www.supermono-studios.com/
http://www.rexbox.co.uk/
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The free online social fitness community and app RunKeeper is an example of exploiting the 

social engagement loop and onboarding. The social engagement loop motivates the users to add 

their social media profiles. Together with custom challenges, it facilitates onboarding by 

inviting friends and peers to join their personalised fitness network. The above game mechanics 

relating to the corresponding motivations are presented in Table 4. 

Table 4 

Game Mechanics in Gamification 

*(Zichermann & Cunningham, 2011) 

**(Marczewski, 2013) 

Understanding game mechanics, dynamics and aesthetics as gamification affordances is crucial 

for using gamification. However, there is not only one factor of successful implementation. The 

gamification literature offers many frameworks for implementation which are designed for 

successful outcomes. All these rely on the factors that make gamification work in theory and 

practice. Understanding these factors relies on understanding the users, the goals and the 

Mechanic Definition* Motivation**  Use Cases Examples 

Points Rewards accumulated during the 

gameplay.  

Rewards, Status Credit points, frequent 

flyers, Google ratings 

Levels 

(Progression) 

Provide the players with status and 

indicate progress (de Byl, 2013). 

Mastery, Pride Banking cards, online 

forums 

Customization  Personalize players’ gameplay 

experience. 

Autonomy, Loyalty Avatars, nicknames 

Badges Visible recognition of having reached 

new levels or completed challenges. 

Rewards, Status Military, car industry, 

sports, online forums,  

Challenges 

and Quests 

Provide direction for what to do 

within the gamified system. 

Mastery Scavenger hunts, 

productivity apps, RPG 

Games 

Social 

Engagement 

Loops 

Player is continuously engaged and 

re-engaged with a product or service 

(de Byl, 2013). 

Mastery, Progress 

(Zichermann & 

Cunningham, 2011) 

Many health and fitness 

apps; RunKeeper, 

Runtastic  

Leaderboards Make comparisons of the player’s 

nicknames and scores while the game 

is not played. 

Status Rating systems in 

sports, movie industry 

or consumer electronics 
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context of the application or understanding the gamification implementation itself (Mora et al., 

2017). 

2.4.5 UNDERSTANDING GAMIFICATION 

Concerns about relevance often drive the apprehension of gamification. A gamified system can 

only motivate users if the gamification is relevant to their intrinsic motivation (Deterding et al., 

2011). Understanding the motivational affordances and the targeted domain, such as health or 

education, is crucial for the gamified applications developers (Bowser et al., 2013). Creating or 

modifying a service system by implementing game affordances and making it more game-like, 

yet not designing it as a game, can be considered one of gamification’s key characteristics. 

Specifically, the “gamified systems have the game structure, but not the game surface, the 

essential parts of the system remain a non-gameful application” (Liu et al., 2011). 

The main difference between games and gamification is that gamification is used to achieve 

goals outside a game, for example, higher results in fitness, a healthier lifestyle, or choosing a 

better tourist destination. Nevertheless, playing games is considered purely autotelic or 

intrinsically motivating (Koivisto & Hamari, 2014). 

Gamification can increase certain human behaviours by turning an activity into a gameful 

experience by applying game affordances in the process. This increase can be amplified to a 

larger scale by including the social networks and feedback (Koivisto & Hamari, 2014). It is a 

growing service marketing tool that provides a means to influence human behaviour and offer 

gameful experiences (Huotari & Hamari, 2017). Proper gamification implementation ensures 

that the service systems stay engaging and are chosen over other services that offer similar or 

the same kind of service. However, as mentioned above, Liu et al. (2011a), a key aspect of 

successful gamification is understanding that users are much less likely to shift their behaviours 

when not attracted to the core service or have a genuine interest in the core service. 
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By using new technology, firms can gamify traditional processes, which could lead to more 

engagement with the customers (Olsson et al., 2016), which subsequently can lead to retention 

and prolonged or continuous use of the service (Wen et al., 2014). Many examples of this 

outcome are found in fitness services such as Fitocracy, Runtastic, RunKeeper, and Endomondo, 

as well as health, social and lifestyle services and apps like Foursquare, Teleflora, LinkedIn, 

Foldit, CrowdRise, Zamzee, and Recyclebank. 

 “It seems reasonable to suspect that the goals of engagement and retention also drive the trend 

of implementing gamification in services related to mobile applications” (Olsson et al., 2016). 

Mobile devices can facilitate or augment personal and social experiences (Shankar et al., 2010). 

By implementing game mechanics with a clear accent on making the visit fun and rewarding, 

active users quickly increase in number (Attali & Arieli-Attali, 2015; Hamari, 2015). In the end, 

it is the individual customers’ perceptions of the gamified experience that matters (Olsson et 

al., 2016). 

Many of these successful gamification implementations are at places, including fitness, cultural 

or social activities, entertainment and event visits. By adding gameful experiences to at-a-place 

activities, gamification becomes a way of enhancing the place service system. The potential of 

enhancing places with gamification, mechanisms and types of implementations are explored in 

the following section.  
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2.5 GAMIFICATION OF PLACES 

When used to design an incentive system, gamification can be utilised as a means to guide users 

to uncovered locations (Kawajiri et al., 2014). Bowser et al. (2013) report that participants in 

their gamification study have experienced fun while exploring their environment, and they 

considered it an important motivation. The locations are differentiated by their attributed 

conspicuousness. Often these locations are indistinguishable from the service consumed there, 

such as hospitals, stadiums or opera houses (Yavuz & Toker, 2014). As discussed in section 

2.3.3 above, these locations are service systems, otherwise referred to as places. The use of 

technology at places can provide better and seamless experiences while harnessing the benefits 

of gamification, such as engagement and value multiplication. Modern gamified systems that 

do not rely on digital gamification are very rare. From this perspective, two of the leading digital 

concepts used in relation to places are geolocation and location-based services, and these can 

be used as a means for gamifying places. 

2.5.1 GEOLOCATION AND LOCATION-BASED SERVICES 

Geolocation technology is one of the ways to help people to find, reach and experience places. 

It is the process of electronically identifying or estimating the geographic location of a person 

or a device. The system is defined as “an information technology solution that ascertains the 

location of an object in the physical (geospatial) or virtual (Internet) environment” (ISACA, 

2017). The removal of selective availability of the GPS signal in 2000 dramatically increased 

the geolocation popularity. It led to a significant improvement in the accuracy of simple, low-

cost IGPS receivers with a 6m to 10m radius in normal conditions (previously 100m) (Haklay 

& Weber, 2008). 

A pair of two-dimensional Cartesian coordinates determines the location on the surface of Earth. 

Subsequently, providing a context to the location coordinates by associating them with, for 
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example, a street address or the name of the place is one of the biggest strengths of geolocation 

(Gentile et al., 2012). It has become an integral part of modern life and is integrated into many 

aspects of people’s lives, from personal to professional, from individual to collective and social 

(Moore et al., 2017). To achieve all this, geolocation utilises outdoor and indoor positioning 

systems such as Global Positioning System (GPS), Assisted GPS (A-GPS), Global Navigation 

Satellite System (GLONASS), Bluetooth Low Energy (BLE) Based Systems, or Visual 

Positioning System (VPS) relying on augmented reality. 

Location-based services (L-B) exploit the benefits of the geolocation concept (Kawajiri et al., 

2014; Wilson, 2012). These are software-based services that use location data for feature 

control and automation. L-B services are used in various ways, from navigation and traffic 

information and finding the location of places, goods or services to enhancing social networks 

or web search algorithms (Raubal et al., 2004; Wilson, 2012). There are many applications 

using L-B services, such as Foursquare, Waze, Facebook, Yelp, HelloLocal, and Google 

location services offered through Google Maps and Google Earth apps. L-B services have also 

found application in gamified educational environments to create hybrid learning spaces. 

Platforms such as Beaconing (www.beaconing.eu) endeavour to merge formal with informal 

and digital with physical contexts and spaces through the use of various technologies such as 

GPS, beacons and Wi-Fi (Arnab, 2017). 

The primary concerns while using L-B services are users’ privacy (Li, 2011) and security 

(Hossain et al., 2017; Kolias et al., 2016). It has a massive impact on user technology acceptance 

of location-based technology and, consequently, L-B services (Hossain et al., 2017; Zhou, 

2015). Many solutions regarding privacy are implemented, and these include methods that use 

location generalisation, cryptographic techniques or differential privacy. However, there is still 

http://www.beaconing.eu/
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a need for more advanced techniques with increased adaptability to the current conditions and 

more strict disclosure guarantees for the user data (Ghinita, 2013). 

Furthermore, L-B services that rely on GPS suffer from issues with their energy efficiency and 

indoor accuracy. Satellite-based positioning systems require constant connection and visibility 

of the satellites, which impacts the user device's energy consumption and limits its indoor use 

(Newman, 2014). A solution for these two issues might be found in the use of micro-location 

technology that embeds the capability of Bluetooth Low Energy (BLE) standard for proximity 

ranging to a nearby device and Augmented reality (AR) as a visual positioning system. 

Expanding mobile user experience beyond the limits of the screen and more direct and seamless 

interaction with the physical environment, resulting in a reduced human intervention, are 

objectives of the development of the Internet of Things (IoT) (Vermesan et al., 2013) and AR 

(Azuma, 1997). Smart devices, such as smartphones and tablets, perceive the surrounding 

environment through multiple embedded sensors used to derive a context. 

Context-awareness means knowing what lies in the surrounding environment and is one of the 

most basic operations that make smartphones a part of the mobile computer system. L-B 

services, such as augmented local searches and recommendations, location-based games and 

social networks, represent important implementations of context-aware systems (Kawajiri et al., 

2014). Moreover, there is also a strong upwards trend in extending implementations of L-B 

services indoors (Elhamshary & Youssef, 2015). 

While the Global Navigation Satellite Systems (GNSS or Global Positioning System - GPS) 

address the location aspect of context awareness, GNSS technologies alone are not suitable for 

reliable indoor positioning (Newman, 2014). The solution is found in an implementation of 

Indoor Positioning Systems (IPS) capable of actively locating tags or distance and providing 
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the context of the surrounding space by using electromagnetic waves, light or a combination of 

technologies (Cheng et al., 2016). 

IPS are solutions based on magnetic or other sensor data or a network of devices used to locate 

objects and people inside a building wirelessly. Instead of using satellites in GNSS, IPS rely on 

magnetic positioning or dead reckoning, which can actively locate tags or distance and get the 

context of the surrounding space (Cheng et al., 2016; Reinsch et al., 2013). Moreover, IPS are 

continually growing in popularity. The statistics show that people stay indoors for around 89% 

of their time. The wide adoption of new IPS solutions leads to the development of new indoor 

mobile applications at remarkable rates (Elhamshary & Youssef, 2015). Location sharing and 

being aware of others’ locations is very practical coordination and communication tool (Zeynep 

et al., 2011). In addition, Möller et al. (2014)’s findings suggest that the users are more inclined 

to share information and are less concerned about privacy within a limited network spatial 

extent. 

Combining both GPS and Indoor Positioning Systems can lead to seamless positioning 

everywhere (Cheng et al., 2016). Moreover, IPS use various technologies for determining the 

location, such as Wi-Fi, Bluetooth, Magnetic Positioning, RFID Tags and Google’s proprietary 

VPS. These technologies either provide environmental context on a “micro” scale or location 

for user devices or actively locate mobile devices or tags (Furey et al., 2013). 

2.5.2 MICRO-LOCATION 

Locating the target’s position within a building or room is the required level of precision for 

indoor positioning. When indoor positioning is conducted electronically using proximity 

ranging technology, it is referred to as Micro-location (Gast, 2014). One of the major 

technologies used for micro-location is iBeacon technology (Developer, 2014; Gast, 2014; 

Newman, 2014). iBeacon was introduced by Apple Inc. as a proximity advertising system that 
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uses low priced and energy-efficient devices named beacons, also available on Android from 

v5.0 onwards (Radius Networks, 2017). The technology allows the beacons to push 

“notifications” to user devices in the vicinity. Google uses their proprietary protocol, 

“Eddystone” (Google, 2017), which is similar to iBeacon, and it defines an open beacon 

specification for the Internet of Things (IoT). 

Proximity-Based Services (P-B) are based on proximity and range awareness from user devices 

to beacons. Widespread adoption of these services in IoT can provide a new direction for the 

Internet in the future (Fujihara & Yanagizawa, 2015). A similar service called Proximity 

Services (ProSe), which relies on cellular mobile LTE networks, was standardised by the Third 

Generation Partnership Project (3GPP) in 2011 (Lin et al., 2014). 

2.5.2.1 BEACON TECHNOLOGY 

The iBeacon technology is based on the Bluetooth Low Energy (BLE) standard, also known as 

Bluetooth Smart. BLE can be found in Bluetooth v4 and later, and BLE was developed for 

smart applications in IoT (Bluetooth SIG, 2017). iBeacon uses BLE Proximity sensing to 

broadcast the Universally Unique Identifier (UUID) that is picked up by a BLE compatible 

software and calculated to a physical distance. Moreover, iBeacon can be used to initiate an 

action on the receiver device, such as a check-in on a social network. 

iBeacon technology can be used for smartphone or tablet app personalisation accordingly to the 

distance/location. This is implemented in many shops, museums, restaurants, and businesses in 

order to provide relevant information to the user. For example, Levi’s stadium app provides 

baseball fans with access to custom offers, information about facilities, and video clips (Levi’s 

Stadium, 2017). Another example is the US department store Macy's (USA), where the 

customers who have the Shopkick app installed on their devices will be alerted about deals and 

items they may be interested in (Lee & Lee, 2015). Apple Inc. is also implementing iBeacon 

http://en.wikipedia.org/wiki/Bluetooth_low_energy
http://en.wikipedia.org/wiki/Bluetooth_low_energy#Proximity_sensing
http://en.wikipedia.org/wiki/Universally_unique_identifier
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technology in their stores, and in conjunction with the Apple Store app, it provides relevant data 

in the store. 

In many cases, the beacons are small wireless (iBeacon or EddyStone) devices that can easily 

blend with the surrounding environment and can be used for smartphone or tablet app 

personalisation accordingly to the distance/location. The software on the receiving device 

computes the whole logic of the process. The beacon only propagates the advertisement 

message of its existence. By using various algorithms, the app on the supported device 

computes the distance after detecting the specific beacon or location by relying on multiple 

beacons. This subsequently provides the location context of the device within a spatial setting. 

While detection is possible even when the user device is locked or in standby mode, determining 

the distance from the beacon (ranging) is done only when the app is in the foreground and active. 

The user device that is receiving the beacon’s advertisement transmission can approximate the 

distance from it. The distance between the beacon (transmitting) and the device (receiving) is 

categorised into three distinct ranges: Immediate, Near, and Far (Gast, 2014). These proximity 

ranges are what most implementations rely upon, as that is the level of granularity required by 

micro-location. 

Some studies report issues with the beacon implementation for micro-location, arguably 

dependent on the beacons manufacturer and the implementation, such as inconsistency in the 

detection of the signal, dislocation of the physical beacon device if visible by the users (Marques 

et al., 2017), or even been affected by nearby transmitting devices and obstacles. However, if 

one considers these issues, as Dalkılıç et al. (2017) confirmed, this technology can be used as a 

reliable micro-location, even as an IPS, in implementations where accuracy is not stringent. 

This is within the micro-location accuracy requirement as being in a room. Nonetheless, 

iBeacon technology can be entangled with some other technologies, which in return can result 
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in a large increase in the precision of the location. One of these proposed technologies can be 

augmented reality (Tsai et al., 2017). 

2.5.2.2 AUGMENTED REALITY 

Augmented Reality (AR) is a system that can overlay virtual objects over the real world that is 

registered to the three dimensions of the real world and is interactive in real-time (Azuma, 1997). 

AR fundamentally creates “a real-time augmented experience of reality” (Van Kleef et al., 2010, 

p. 1). Even though the concept was explored as early as the 1980s, AR technology is considered 

a recent addition to the field of human-computer interaction. Milgram and Kishino (1994) were 

among the first who provided the taxonomy of the “Reality-Virtuality Continuum” (see Figure 

8), and since then, it has been used as a reference to explicate the various types of realities by 

the researchers. From the far-left extreme of the real environment, referring to the real reality, 

to the far-right extreme of the virtual environment or reality completely generated by computes, 

through the various mixed realties in-between. 

Figure 8 

Reality-Virtuality Continuum 

 

                                                            
 

 

Note: Adapted from Milgram and Kishino (1994). The blue line is expressive of a “stereo fader” that 

mixes two extreme realities, the real world and the virtual world. Copyright © 2016 IEICE. 

Reproduced with permission from the publisher. 
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However, Flavián et al. (2019) have highlighted the inconsistency in the scientific literature in 

the use of terms such as “augmented reality”, “mixed reality” (MR), “reality”, and “virtuality” 

in both the academic and professional fields. With the advent of new technologies, newly 

proposed taxonomies attempted to extend and improve the continuum. For instance, Mann 

(2002) introduced reality, virtuality and mediality (mediated reality) taxonomy, where 

mediation results from some devices being able to modify the virtual and real environments. 

This modification was not superimposed information, and it was promoted through sensory 

inputs alterations. This taxonomy introduced two more realities, mediated reality and mediated 

virtuality. Even more, dimensions were introduced in the continuum by Schnabel et al. (2007), 

such as the amplified reality and virtualised reality, including mediality (see Figure 9). The 

amplified reality begins at the edge of the real environment by amplifying objects' expressions 

in the real world. While AR is about the user’s perception of reality, the amplified reality is 

about the perceived flow of the information controlled by an amplified object. Virtualised 

reality, similar to 360-degree videos, virtualises a real-world scene by capturing scene 

descriptions by multiple cameras. 

Figure 9 

Order of Reality Concepts Ranging from Reality (left) to Virtuality (right)  
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The visuo-haptic reality-virtuality continuum introduced by Jeon and Choi (2009) added a 

haptic sensory dimension to the continuum regarding the sense of touch or the degree of 

virtuality in touch. This continuum became very complicated, comprised a total of nine 

environments, from visual and haptic reality (real world) to visual and haptic virtuality 

(interactive virtual simulators). 

New definitions of MR have been proposed, including using immersion, interactions and 

information (Parveau & Adda, 2018). There are also proposed frameworks built on a number 

of environments, the number of users, level of immersion, level of virtuality, degree of 

interaction, input and output specific to senses (Speicher et al., 2019). Flavián et al. (2019) also 

adjusted the original Reality-Virtuality Continuum by proposing adding “pure mixed reality” 

in the centre of the continuum, differentiating it from the MR that encompasses the AR and 

augmented virtuality. 

All these examples of taxonomies and definitions attempt to introduce the interactions, the 

levels of immersion and sensation into Milgram and Kishino (1994) ’s continuum. However, 

all categorisations show limitations, such as not being applied within current technologies, 

which clearly support MR, AR, and VR differences. Moreover, as the environments are 

multisensory, distinction in the isolated sense might not be prudent. Also, in the literature and 

practice, AR and MR terms are used interchangeably, which introduces more confusion 

(Flavián et al., 2019). 

To avoid these ambiguities, this research adopted the original definition of AR by Azuma (1997) 

and presented it in the AR region of the original continuum (Milgram & Kishino, 1994) (see 

Figure 8). AR applications are situated in the space that exists between the real and the virtual 

worlds. This space is referred to as mixed reality. It is constituted of (i) augmented reality as 
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augmentation of a real environment overlayed with virtual objects and (ii) augmented virtuality 

as enhancement of the virtual environment with real objects (Milgram & Kishino, 1994). 

From wide availability and consumers' perspectives, AR is regarded as fairly new technology. 

The first consumer-available AR implementations emerged with the proliferation of 

smartphones at the end of the 2000s. There are three key AR enabling technologies: Tracking, 

Display, and Input Devices (Billinghurst et al., 2015). These technological advancements and 

miniaturisation are able to facilitate AR to become available with modern mobile devices and 

AR glasses. The devices feature precise location pinpointing and hardware components such as 

high-resolution cameras, accelerometers, gyroscopes and compasses (Jung et al., 2017). 

Examples of these devices are most modern smartphones that use iOS or Android, smart glasses 

such as Google’s Glass, Epson’s Moverio, Snapchat’s Snap Spectacles, Bose’s Frames, and 

smart helmets, such as Skully Fenix AR. Currently, there are only two platforms that support 

pure mixed reality (Flavián et al., 2019); the holographic devices that integrate virtual and real 

objects, Microsoft HoloLens (Microsoft, 2019) and the Magic Leap (Magic Leap, 2019). 

These technologies come together into various techniques to anchor the virtual objects to and 

over the real world. Depending on the technologies used and the specific type of application, 

the anchor in the real world can be a physical object in the form of an image marker or a 

magnetic tracker, a predefined location in space. The location is determined by using GPS, Wi-

Fi or Bluetooth beacons, inertial tracking or hybrid tracking that combines two or more 

techniques (Billinghurst et al., 2015). Image marker tracking is one of the most applied 

techniques in the scientific literature, as it is the simplest one, requiring a 2D or 3D printed 

marker on a paper sheet or cube. Due to the simplicity, it has its limitations, such as the distance 

from the marker or having the marker exposed in the real world in the first place. Therefore, 

alternative already existing or emerging techniques are used, such as Simultaneous Localization 
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and Mapping (SLAM), used in robotics for autonomous location and operation (Sernani et al., 

2019). Another technique proposed by Microsoft named Coarse Relocalisation relies on various 

sensor inputs (GPS, BLE) to discover spatial anchors within 100m of the device. 

There are various software development kits for AR applications, such as Metaio, Vuforia, 

Wikitude, D’Fusion, ARToolKit and ARmedia (Amin & Govilkar, 2015). The biggest two 

companies in the mobile industry, Apple and Google, in 2017, introduced two proprietary 

application programming interfaces that provided the creation of AR applications for mobile 

devices. ARKit by Apple and ARCore by Google provided iOS and Android devices users, 

respectively, with new prospects for creating immersive apps and games (Nowacki & Woda, 

2019). Unity engine software can use and combine most of these kits and bridge the barrier 

between the various platforms. 

These features provide the AR system with the context required to function, such as position, 

direction, rotation and artificial intelligence. Furthermore, AR, due to the context awareness 

and location determination, can be utilised as a micro-location system and a very precise one. 

Google Maps is already using the mobile device camera with its proprietary VNS for location 

in weak GPS coverage areas and providing context for AR. AR has also been researched as a 

guidance system in the context of SOP (Chang et al., 2015). 

Therefore, using AR for micro-location and beacon implementation used together may multiply 

the usability of the implementation, specifically beneficial for a micro-location implementation. 

An example of a micro-location combining AR and iBeacon is the Room Escape app that 

reimagines the user experience of playing a room escape game in the real world (Tsai & Hsu, 

2016). Moreover, location-based AR apps can provide many benefits for places, including 

enhanced location-based learning (Chang et al., 2015) and gameful experiences. Overlaying 

ancient artefacts over the real world ones at a cultural heritage site may enhance visitors’ 
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knowledge about the place and the level of immersion, which may enhance people's sense of 

presence and reality at that place (Chang et al., 2015). Subsequently, the same is true for 

location-based AR games by facilitating a real and virtual blend of activities and gameful 

experiences, resulting in increased SOP (Oleksy & Wnuk, 2017). 

In contrast, virtual reality (VR) is an entirely virtual experience in a virtual world created. When 

this virtual world represents a real-world place, users can experience that place without 

physically being at the location, resulting in a substantial increase in the accessibility of the 

place. However, from the supply perspective, there are some shortcomings, such as limited 

spending and personal interaction (Jung et al., 2017). There is also the issue of accessibility of 

high-quality VR headsets and how appealing and useful these are for the common person. 

Due to the definition of AR as a system (Azuma, 1997), the implementations can be explored 

from the service marketing perspective as service systems that incorporate multiple services 

depending on the context of the application. As the augmentation is essentially an enhancement, 

the AR service can be regarded as an enhancing service to core services or service systems, 

such as place, workplaces, education, entertainment and tourism. One of the main benefits of 

AR from this perspective is the opportunity for visitors to explore and experience the place in 

an enjoyable and thrilling manner. The number of visitors looking for memorable on-trip 

experiences is increasing, and besides the enjoyment, there is evidence that these experiences 

may be further boosted by the interaction with the AR system itself (Tscheu & Buhalis, 2016). 

From the SD-L perspective, this leads to experiences and value co-creation at the place. 

Therefore, heritage sites and subsequently all places should exploit the latest developments in 

AR, as well as VR technologies “to capitalise on the opportunities to increase income, visitor 

engagement and intentions to return” (Jung et al., 2017, p. 143). 
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Interface and intelligent systems studies stress the need to move the focus from usability to 

designs that offer more engaging experiences (Liu et al., 2011). Many games are already 

exploiting advanced positioning technology, providing interaction between the players and their 

environments in real-time and at the location (Hinske et al., 2007). When used as an enhancing 

service to a core service, the elements of the game became the motivational affordances of the 

gamified service system (Huotari & Hamari, 2017). Thus location-based games can be observed 

from a gamification standpoint, where a game becomes the enhancing service. These games 

can encourage a tourist/visitor/player to interact with the physical environment, learn more 

about the site, customise the visit according to their interests, and achieve a more dynamic and 

real experience (Walz & Ballagas, 2007). 

Examples of gamification use with geolocation are found in a number of cases in the literature; 

such are KORT Game, Waze (Fitz-Walter et al., 2011), Towns (Castellote et al., 2013), 

AiRCacher (Tursi et al., 2014), Ori-Gami (Schwering et al., 2014), and MythHunter (Hutzler 

et al., 2017). As games can be used as an enhancing service, Minecraft Earth as an L-B game 

is an example of an emerging platform for gamified augmented reality. It will likely be used to 

enhance services in a similar way the PokemonGo mobile game did by modifying existing 

placing and bringing people to the location to examine the spatially anchored creations in 

outdoors and indoor spaces. Another example of an L-B game is Wizards United, a part of the 

Harry Potter universe and The Witcher: Monster Slayer by CD Project. 

Micro-location is a subset of location/geolocation, and as such, it focuses on indoor location 

applications. Due to the fact that much of our time we spend performing activities indoors, 

consequently affecting our bond with the place. Therefore, enhancing these indoor activities 

with gameful experiences through gamified micro-location is very important. How places can 

be enhanced through micro-location and gamification is discussed in the following section. 
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2.5.3 ENHANCING PLACES WITH GAMIFICATION AND MICRO-LOCATION 

Technology itself has an enormous effect on the marketing and the management of places (Jung 

et al., 2017). If implemented the right way, ICT can potentially provide many opportunities for 

urban and rural places (Tscheu & Buhalis, 2016). On the other hand, Sense of place plays a 

large role in the planning and construction of places as well as in the communities and 

individuals that occupy or will occupy the places. 

However, regarding the Sense of place, the literature on gamified augmented reality is scarce 

and combined with micro-location even more so. The literature review identified only a few 

papers on the broader topic out of which examples are Oleksy and Wnuk (2017), that looked at 

the impact of a game (PokemonGO) on Sense of place and Chang et al. (2015), that investigated 

augmented reality mobile guidance to increase sense of place for heritage places. Using micro-

location technology with gamified activities to improve the hand-hygiene compliance of nurses 

in a hospital ward is another example (Marques et al., 2017). 

However, in a broader scope, the use of gamification and AR in education and the tourist 

industry is being studied. Education and the tourist industry rely on on-place activities and 

experiences, as well as engagement and fun, which is closely related to the formation and 

development of SOP. Furthermore, the tourist industry is a field that requires the use of mobile 

ICT for full-scale operation and development. It demonstrates a considerable potential for the 

application of mobile information technology (Xu et al., 2016). 

Mobile ICT substantially affects both the behaviour of tourists and the whole industry in general 

(Karanasios et al., 2012). One of the most significant trends in the tourism industry is the 

penetration of mobile technologies (Kennedy-Eden & Gretzel, 2012). Tourism often requires a 

quick decision on many opportunities and choices, such as visits to sites of interest, relaxation, 

searching and buying souvenirs, regardless of the type of holiday (Brown & Chalmers, 2003). 
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In most cases, tourists are not familiar with the location. The research suggests that tourists 

often have limited time (Fernandes et al., 2013) and require information that is different from 

other types of players (Yovcheva et al., 2014). 

Gamification can offer an engaging way of addressing these issues. For example, tourists can 

follow a location-based game related to their interests and, at the same time, learn something 

about their environment (Linaza et al., 2013). It can also provide experiences and knowledge 

otherwise unavailable and enhance tourists’ interest in the destination, offering a personal 

experience during the visit. Engaging other players and locals can enhance this experience even 

more and impact the way people interact with tourist destinations on a large scale. 

Gamification can provide tourists with a real, personalised, fun, fantasy experience by offering 

a feeling that they are in a game rather than being a separate, exterior entity (Xu et al., 2016). 

Game-based marketing has great potential to attract tourists’ attention and increase brand 

awareness. The current use of gamification by the tourism industry can be divided into two 

types (Xu et al., 2016): (i) “Play before you are there games” are used to attract potential 

customers and to build up brand awareness and destination image, for example in the travel 

portal TripAdvisor (Sigala, 2015); (ii) “Play while you are there games” utilize location-based 

mobile games to encourage more engagement and enhance tourists on-site experiences with 

examples include the app REXplorer (Walz & Ballagas, 2007) and EpicMix (Resorts, 2017). 

Geolocation technology allows social network platforms on mobile devices to become context-

aware, making it possible to obtain and share real-time, contextual information for various 

decision-making processes associated with social and consumption experiences (Kachniewska, 

2014). Yavuz and Toker (2014, p. 578) research indicates that motivation by gameful 

experiences is valid for places, such as “certain districts, well-known streets, squares, roads, 

and historically and socially significant areas such as old towns or important bridges.” 
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Subsequently, location-based gamification can be implemented at cultural heritage sites, 

introducing immersive experiences in which visitors can engage with the place’s history 

through gamification scenarios. Cultural heritage sites show an increased usage trend of new 

forms of learning based on serious gaming and gamification (Negruşa et al., 2015). There are 

many examples of using gamification entangled with augmented reality on heritage sites 

(Mesaros et al., 2016). 

Studies show that mobile devices with Internet access and geolocation capabilities have positive 

effects in museums (Sora et al., 2014). There are many examples of successful implementations, 

including History Hero app (Wang & Tsai, 2014) used in various museums, SFMOMA app for 

San Francisco Museum of Modern Art, Crononautas by Thyssen Museum, Meanderthal by 

Smithsonian Museum and Tate Trumps by Tate Modern (Negruşa et al., 2015; Sora et al., 2014). 

Implementing gamification in museums and other cultural sites represents an opportunity to 

attract new visitors and, in particular, younger visitors (Negruşa et al., 2015). Gamification 

enhances the learning experience, providing visitors with the opportunity to gradually discover 

and learn the place's aspects. 

Regarding cultural attractions sensitive to visitors, gamification represents a way to facilitate 

access to these sites (Schieder et al., 2013). Using gamification as an interface between tourists, 

organisations and local communities could lead to responsible and ethical behaviour and 

increase in brand loyalty (Negruşa et al., 2015). 

While gamification of places through location-based services use of GPS technology is widely 

adopted through apps such as Foursquare and Google maps, micro-location for gamification is 

still gaining traction. However, its potential for use in closed spaces and where implementations 

cannot rely on GNSS or require more granularity and presence sensing is not unnoticed. 
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2.5.4 GAMIFICATION OF MICRO-LOCATION IMPLEMENTATIONS 

There are many examples of successful implementations of gamification of micro-location 

(GM-L) with beacons worldwide (Vasilevski et al., 2018). They range from simple Scavenger 

hunts at consumer shows and fairs to social gathering and discovery apps, learning, and museum 

and tourist applications. Application examples include Mook Group, Consumer Electronics 

Show (CES) 2016, Cuetivity, QuestUpon, Little Shop 2, Mission Eureka, Beacon Crawl and 

Beaco. There are several types of GM-L. The implementations of beacon GM-L can use mobile 

or stationary beacons. These beacons can be dedicated devices (such as Estimote beacons) or 

emulated on other devices that support BLE (iOS devices, Macbooks and PCs). 

The implementations can follow several different gamification scenarios. These scenarios 

consider the number of beacons in use, the complexity of the tasks, the nature of the tasks and 

the use of game mechanics. The six scenarios are the following: Treasure hunt, Quest, 

Accumulation, Gamify loyalty, Social hunt and On-time. 

Vasilevski et al. (2018) found that most GM-L implementations utilised the Treasure hunt 

scenario. This scenario is also known as a digital scavenger hunt, and the goal is for the player 

to find hidden places or objects. In most implementations, it is used in limited spaces, and the 

discoveries are rewarded with a badge. Then, the player is rewarded a trophy or leaderboard 

position by collecting the required amount or all the badges. In the treasure hunt scenario, every 

object has a beacon associated with it, and the discoveries do not have to be in order. Sharing 

the rewards on social networks is also a preferred option as it increases player’s engagement 

(Hamari, 2015). There is evidence that real-world engagement could build social connectedness 

and increase communication at the place (Vella et al., 2019). 

Treasure hunts are not new and not unique to gamification and have been used previously with 

QR codes and RFID tags and manual input, which detrimentally affected the experience and 
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flow (Zichermann & Cunningham, 2011). An example of this scenario is the Consumer 

Electronics Show (CES) 2016 App. This app is a simple scavenger hunt where the player selects 

the hunt option with instructions and has to find/visit locations all over the show area and collect 

all badges. The first few players who completed it received a reward (CTA, 2017). Another 

example is Mission Eureka, which is an innovative family game about the history of Philips 

inventions. It is a game played in a group of 2, 3 or 4 people on an Apple iPad. At various points 

in the museum, the iPad device connects with the specific console to start an group game with 

quizzes, puzzles, and other mini games. The team receives challenges in the context of Philips 

history. Moreover, team members can also compete against one another (Philips, 2017). 

Considering the AR, there are a plethora of scavenger hunts. For instance, HUNT is a mobile 

app that is a scavenger hunt where the user first selects a game from the list and then receives 

a list of objects to seek. When the user finds the object and scans it with the smartphone’s built-

in camera, the AR content would be displayed in the form of multimedia, audio, video or photo 

overlay. Explorez app (Perry, 2015) is a narrative treasure hunt in which the player has the role 

of a personal assistant to a French celebrity. At the specific locations, the player would interact 

with the AR virtual characters that would give the directions or mini-quests with clues to solve 

and advance in the storyline by learning the French language at the same time. Step by Step 

(Rubino, 2019) app gamified Palazzo Madama, a historic UNESCO-listed place in Turin, Italy. 

It used markers positioned in selected points of the building, which the visitors could scan and 

access a variety of information. The goal was to uncover the thief hidden among a set of 

characters. This was achieved by solving a variety of mini-tasks in the form of quizzes and 

riddles, which led the players to clues. 

Compared to the Treasure hunt scenario, the Quest scenario is more complex. It introduces 

more game elements such as obstacles, hidden traps, the order of finding the objects, narrative 
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and time limit. Quest scenario is similar to an adventure story and follows a storyline that 

unfolds as the user advances further. The rewards may vary depending on the difficulty of the 

quest or the completion time. They can include multiple sub-quests of the main storyline, side 

quests, and even other scenarios such as Treasure hunts. The play area is large and can 

encompass city blocks (for example, the “Old city” area) or the whole city. 

An example is the BeaconCrawl (BeaconCrawl, 2017) app that integrates social gatherings with 

marketing. It is an interactive happening sponsored by New York bars to promote the bars and 

boost the number of visitors. Beacons are placed on sponsored locations that guide users to 

secret locations to enjoy special offers, such as free drinks, perks, and presented with challenges 

and information, thereby enhancing social interaction. During the events, users are encouraged 

to share their experiences on social networks. Another example can be found in the Beaco app, 

an android app that gamifies the visit of few tourist locations in the UNESCO city of Ohrid in 

Macedonia. Several beacons are placed in heritage locations across the city. This follows the 

story of a hidden treasure somewhere in the city. The treasure hunt can only start at the location 

of the first beacon, which presents the story and gives the user instructions and clues to continue. 

By finding the next beacon, the user is presented with a new task that leads to discovering the 

next place. Finally, by finding the beacon placed on the treasure location, the game ends. Then, 

the user is presented with a symbolic reward by the local tourist offer, thus motivating users to 

explore further (NikVas, 2017). 

Cluetivity (www.cluetivity.com) app is an outdoor implementation that combines classical 

treasure hunts and GPS-Geocaching with AR technology. The goal was to go to places located 

within the city limits and solve riddles and accomplish the mission. It relied on interacting with 

virtual characters at the places and unriddling puzzles with tools found in real life, such as the 

famous cryptex. QuestUpon (https://www.questupon.com) app was imagined as a quests 

http://www.cluetivity.com/
https://www.questupon.com/
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platform that included a variety of missions. Quests engaged the players by including 

gamification, rewards, AR, and VR, and features such as interaction with mascots and players. 

Quest scenario also implements the repetition game mechanic. The player is required to perform 

constantly repetitive action, and this process is also known as “grinding”, often found in the 

role-playing game genre. If overused or with bad implementation, there is a possibility of 

disrupting the flow and introducing boredom which can disengage the players. On the contrary, 

good implementation can dramatically increase engagement and interaction time. Introducing 

random or accomplishment-based changes can break the monotony of the repetition experience. 

The progression and feedback must always be available to the player and their following, close 

and further future objectives. 

An example is found in the GM-L app Elevate (Touchwonders, 2017) by Touchwonders, where 

players are motivated to always taking the stairs instead of the lifts with the goal of getting the 

player’s body in “shape”. This overtime leads to earning points and badges. There is also a 

leaderboard where the players can compare their results with the other players. Sharing the 

rewards on the social network increases the drive to perform the activity. 

In Gamify loyalty scenario, players are rewarded for their loyalty to a brand, activity or a faculty 

subject. This scenario also relies on repetition; however, it does not rely on the repetition 

frequency and the introduction of changes. The repetition is performed through a number of 

uses for what the player is rewarded points and consequently a badge or other game mechanic. 

These can be additional motivators for continuous repetition of the activity. The fundamental 

difference between loyalty programs such as frequent flyers and this scenario is the nature of 

the reward itself, which in gamification is always intrinsic. The sharing of achievements on 

social networks is also present in this scenario. An example of this scenario is the Mook Group 

app that gamifies restaurant experiences. 
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The user can influence “Mook Status” seamlessly with every visit to the group’s restaurants. 

They gain status levels through the use of the app. Consequently, each status could have its 

real-world perks. For example, a “Novice” may receive a complimentary aperitif, while a 

“Frequent Eater” may be automatically added to the guest list of an upcoming Mook Event. 

(Candylabs GmbH, 2017). Little Shop 2 app (www.coles.com.au/littleshop) by the Australian 

supermarket chain COLES brings used the mini models of products from selected brands as 

collectables. Collecting the “mini” from the shop unlocked the AR dancing character, which, 

when scanned with the app, started to dance with a unique combination of dance moves and 

allowed the players to create shareable dance videos. The app proved to be very successful in 

the app stores, with over fifty thousand installs on Android alone. BrandLoyalty app was used 

at South African grocery chain for a promotional campaign similar to where customers 

collected cards of the South African Cricket team players for the 2019 Cricket World Cup and 

used AR to bring them to life. 

The researchers also propose two other scenarios that can be used in GM-L implementations: 

Social Hunt and On-time (Vasilevski et al., 2018). The Social hunt scenario requires a minimum 

of two players that share some common interest. When they are close enough, both are notified 

of each other’s nearby presence that may lead to new acquaintances or meetings with friends. 

This scenario relies on the use of emulated beacons. The On-time scenario relies on being near 

to a beacon only within a specific time period. For this, the players are rewarded, for instance, 

being prompt on meetings or classes. 

The major strengths of GM-L are the seamless experiences, uninterrupted flow and automation, 

which by correct implementation of GM-L can take the immersion with the gamified 

experiences to a higher level (Vasilevski et al., 2018). 

  

https://www.coles.com.au/littleshop
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2.6 RESEARCH RATIONALE ADDRESSING THE GAPS IN THE LITERATURE 

The metamorphosis of mobile phones into smartphones, capable of multiple interfaces and 

media modes, together with the ubiquity of GPS and LBS, can lead to new types of experiencing 

the place (Hjorth, 2011). Considering location-based services (De Souza e Silva, 2006) 

introduce the concept of “hybrid spaces,” where physical spaces are merged with social 

connections and digital information. “The possibility of an ‘always-on’ connection when one 

moves through a city transforms our experience of space by enfolding remote contexts inside 

the present context” (De Souza e Silva, 2006). This hybrid concept looks at the interconnection 

between the digital and physical and considers these as one notion rather than two separate 

phenomena. Therefore, introducing digital information to places can lead to these being 

revealed to the people in new and more engaging ways. 

Gamification of places is not a new idea, with much research performed in this field (Fernandes 

et al., 2013; Negruşa et al., 2015; Sigala, 2015; Xu et al., 2016). The research also expands in 

the direction of the usage of apps in gamification of sites and their classification and impact 

(Karanasios et al., 2012; Kennedy-Eden & Gretzel, 2012; Linaza et al., 2013; Sora et al., 2014). 

Most of the research conducted considering location-based gaming suggests that the way people 

relate to a place or a physical space can be affected by the game elements (Frith, 2013). These 

game elements or gamification affordances overlay a layer of ludic experience over the physical 

spaces, converting them into playful spaces (De Souza e Silva, 2009). However, as to the 

author's knowledge, no study looks at which constituents of gamification can be predictors of 

SOP and its dimensions. Unpacking these interactions can be very useful in designing and 

implementing gamified services at places and in a broader sense. Moreover, looking deeper into 

the concepts could provide a better understanding of the concepts in general. 
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Mobile gaming provides new means for experiencing places “upon various levels – that is, not 

just as physical geography but technologically, emotionally and psychologically” (Hjorth, 2011, 

p. 357). Game affordances can affect the behaviour of the user in the manner of where they 

choose to go and alter how they interact with their surrounding space (Frith, 2013). Moreover, 

the desire to collect badges can play a significant role in encouraging users to explore new 

places. These affordances have the potential to become “an integral part of how people form 

Place identity through the application” (Frith, 2013). Micro-location also shows the potential 

to affect SOP by providing immersive experiences to support all kinds of activities at these 

places (Chang et al., 2015). Research on gamification of location services is new and growing, 

and evolving, as location capable smartphones and wearables are becoming increasingly 

affordable and popular (Kachniewska, 2015; Walz & Ballagas, 2007). Moreover, as to the 

author's knowledge, hitherto, there is no distinct framework that defines and provides an 

understanding of the factors and outcomes for the place related to gamified AR micro-location. 

With all this considered, this literature review went exploring the concepts of place and SOP, 

games and gamification, AR and beacons, and how all these can come together through service 

marketing discipline connecting on a very base level. However, the scientific literature 

considers all these concepts individually or as a blend of two. It is rare to find research that 

provides an insight on how gamification, micro-location, in the form of AR or beacons and 

Sense of place come together and into what outcome. The relations between these concepts 

remain under-researched. 

To conclude, there is very little research on the subject of gamification of micro-location in the 

aspect of increasing SOP, which is the gap in the literature this study aims to close. Research 

in the area of gamification, extended reality, and micro-location through the application of a 

service-dominant logic is needed more than ever in this day and age when the world is moving 
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closer and closer to the virtual and metaverse. To the authors’ knowledge, the gamification of 

micro-location via AR as a mechanism to increase Sense of place is novel and has not been 

previously researched. The results of this research, connecting Sense of place with gameful 

experiences and the realm of Mixed reality, have the potential for significant contribution to the 

theory and practice within this research domain and influence policy and future direction. The 

following, Methodology chapter is the first step towards achieving this goal.  
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“I am not here to speak the Truth. I am here just to give you a method to perceive it.”  

― Jaggi Vasudev 

  

3 METHODOLOGY OUTLINE 
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This chapter outlines the research methodology for the thesis and how the various methods 

come together to address the uncovered knowledge gap. As identified in the literature review, 

there is limited research on the factors and outcomes of location-based gamification of places 

exploring the implementation of game mechanics applied on proximity-based sensing 

installations. There is also a lack of a distinct framework for defining and understanding the 

factors and outcomes for the place related to gamified micro-location. 

A research framework was derived from the literature review and tested against the 

methodology discussed in this chapter. This framework illustrates the structure and flow of the 

study research design (see Figure 10). A mobile device application was designed and developed 

to implement the literature review outcomes and investigate its developments and impact on 

the population. The mobile app served as a carrier of experimental manipulation. A series of 

online surveys and face-to-face interviews were conducted regarding the usability of the 

application and the participants' individual Sense of place. These activities were conducted 

during the testing and after the application was implemented. 

The framework represents a cyclic, iterative process. The entry point is signing up to participate 

in an already established indigenous artworks tour known as the Corrigan Walk tour at an 

Australian Higher education institution. The tour contains an extensive collection of highly 

valued indigenous artworks, and it is available to a broader audience. What is more important, 

it provides a mechanism for interaction with the place service system. The interactions 

(activities) with the place, directly or indirectly, even just being at the place, should affect what 

the place means to a person (Lewicka, 2011). 
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Figure 10  

The Proposed GARM-L Framework for Experimental Intervention  

 

Note: The framework combines Gamification, Micro-location and Sense of place into an experimental 

intervention. 

Therefore, through technological intervention, augmented reality and gamification as service 

enhancements could provide unique experiences. These experiences would then result in 

psychological outcomes, such as increased motivation, fun and enjoyment (Hamari, 2015; 

Oleksy & Wnuk, 2017; Thiel & Fröhlich, 2017). Next follows the increased motivation 

regarding activities such as interest and motivation to learn more about the place, motivation to 

share the experiences, motivation to spend more time at the place, and motivation to return to 

the place in the future (Jung et al., 2017; Olsson et al., 2016). The fun in this context enforces 

these motivations and engagement. The motivations may result in behavioural outcomes, such 

WoM -Word of mouth 
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as sharing the experiences with more people, spending more time at the place and performing 

more activities at the place. As the literature suggests, these outcomes could support the 

emergence and development of the Sense of place (Chang et al., 2015; Oleksy & Wnuk, 2017), 

which empowers the place meaning, which is then enhanced with technology, and the next loop 

begins, and so on. 

The remainder of this chapter describes the research methodology used to derive the mobile 

application and study design, the proposed methodology, a comparison to other methodologies, 

and the rationale for choosing the proposed methodology. The used methodology is completely 

unpacked, including the phases, ethics, validation, security and privacy and the instruments 

used. The following section discusses the research questions designed to address the gaps in the 

literature. 
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3.1 RESEARCH QUESTIONS 

Sense of place is essential for the place value. Technology provides opportunities by using 

gameful experiences to affect the psychological bond and increase Sense of place, subsequently 

increasing the value of the place. The potential of the application of GARM-L has not been 

fully explored. Therefore, the aim of the present research is to help inform the body of 

knowledge on the proposed interaction of GARM-L with SOP from multiple perspectives by 

answering the following research questions:  

1) Which predictors determine whether gamified augmented reality micro-location 

implementation at a place increases SOP?  

a) What are the benefits and the shortcomings of gamified augmented reality micro-

location for the place?  

b) What are the benefits of gamified augmented reality micro-location for the place 

stakeholders? 

c) What is the value of a gamified augmented reality micro-location for the place? 

 

2) How do designers optimise for successful outcomes of a gamified augmented reality 

implementation at a place? 

a) What are the functionalities and limitations of gamified augmented reality micro-

location of a place? 

b) What are the features of gamified augmented reality micro-location of a place? 

 

The literature review in the previous chapter highlights that performing activities at a place, 

such as gamification and AR, can be used to increase SOP providing benefits that include value 

increase, boosted visitor numbers, retention, and interpretation provided to places such as 

heritage or event sites. Building upon the above, this thesis should provide a solid base for 
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successfully implementing gamification in future business or scientific projects. Moreover, it 

includes gamification strategies that can be applied to other domains such as education, history, 

business, culture, and tourism. 

In essence, this thesis investigates whether adding game-like elements increases Sense of place, 

and if so, what are the critical elements that designers and developers need to optimise for 

successful outcomes? The following section presents the design of the research developed to 

answer the research questions. 
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3.2 RESEARCH DESIGN 

Since there is little comprehensive research conducted concerning gamification of AR micro-

location and Sense of place, and it is important to understand how these concepts come together, 

this study aimed to investigate both the breadth and depth of the findings. Mixed methods 

research methodology was chosen as a procedure for collection, analysis and synthesis and 

integration, “mixing”, of both quantitative and qualitative data in the phases of the research 

process within a single study in order to deeply and more thoroughly understand the research 

problem (Creswell, 2013; Tashakkori & Teddlie, 2010). Moreover, the researcher selects the 

approach, the variables and the units of analysis that are the most appropriate for answering the 

research questions (Teddlie & Tashakkori, 2012). Collecting various data types, such as 

numerical and text data, collected concurrently or sequentially, can provide a better and more 

comprehensive understanding of the research problem. The multiple views approach to the 

research questions provides elevated inference and validity and a space for a broader range of 

diverse perspectives (Grbich, 2012; Tashakkori & Teddlie, 2010).  

Mixed methods research provides significant advantages over single method studies due to their 

utility in applied research, addressing the research problem more deeply, and focusing on more 

valid meta-inferences. Moreover, it provides a possibility to answer complex study research 

questions from “various facets and multiple perspectives” that single method studies cannot 

match (Tashakkori & Teddlie, 2010). Mixed methods rely on pragmatism, which as a 

worldview does not commit to any system of philosophy or reality or traditional dualisms in 

ideologies and methodologies. Therefore it facilitates a compromise between dualities in 

finding and employing the best way and tools to answer the research questions (Creswell, 2013; 

Johnson & Onwuegbuzie, 2004). In pragmatism, knowledge is viewed as both based and 

constructed on the reality of the world we live in and the inner world within us. Thus, it is not 

committed to a single epistemological point of view. Our current views, meanings and 
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knowledge are looked at as indefinite and changing over time. “What we obtain on a daily basis 

in research should be viewed as provisional truths.” (Johnson & Onwuegbuzie, 2004). 

Pragmatism offers the use of multiple methods within various worldviews with different 

assumptions and diverse ways of data inquiry and analysis (Creswell, 2013). Pragmatism’s 

knowledge inquiry logic combines deduction (pattern discovery), induction 

(theories/hypotheses testing) and abduction (understanding the results by finding and relying 

on the best set of explanations) (Johnson & Onwuegbuzie, 2004). 

Compared to Mixed methods, standalone quantitative inquiry uses postpositivist knowledge 

inquiry and experimental or nonexperimental (surveys) implementations (Creswell, 2013). 

Quantitative methods also include cause-effect thinking, hypotheses, questions, specific 

variables, measurements, observations and testing of the theories. The researcher selects the 

variables and defines, explicates, and causally confronts them to examine their relationships. 

Researchers rely on collecting and analysing numerical data (Mertler, 2015), and they select 

the instruments for the data collection which will provide reliable and valid results. 

On the other hand, qualitative research is an “approach for exploring and understanding the 

meaning individuals or groups ascribe to a social or human problem” (Creswell, 2013, p. 3). 

The data acquisition process relies on emerging questions and procedures. The data is collected 

in the participants’ settings that are natural and sensitive to the people and the places in the 

study (Creswell & Poth, 2017, p. 7). The analysis of the data is both deductive and inductive 

and uncovers patterns and themes. The researcher is “making interpretations of the meaning of 

the Data” and reports the participants' views, their own reflections, interpretation of the problem, 

and contributions to the body of literature or call for change (Creswell, 2013, p. 44). 

The knowledge inquiries in this approach are based on constructivist (Lincoln et al., 2011) and 

transformative worldviews (Creswell, 2013, p. 38). Finally, “it produces an understanding of 
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the problem based on multiple contextual factors” (Miller, 2000, p. 40). The comparison 

between qualitative, quantitative and mixed methods is presented in Table 5. 

Table 5 

Comparison of the Research Designs  

 Quantitative Qualitative Mixed Methods 

Perspective Postpositivist Constructivist 

Transformative 

Pragmatic 

Designs’ 

overview 

Experimental design 

Nonexperimental design 

(surveys) 

Narrative research 

Phenomenology 

Grounded theory 

Ethnographies 

Case study 

Convergent 

Explanatory sequential 

Exploratory sequential 

Transformative, 

embedded, or multiphase 

Data 

collection 

Pre-determined 

Instrument based questions 

Performance data, attitude 

data, observational data, 

and census data 

Statistical analysis 

Statistical interpretations 

Both predetermined and 

emerging methods  

Both open- and closed-

ended questions  

Multiple forms of data 

drawing on all 

possibilities 

Statistical and text 

analysis 

Across databases 

interpretation 

Emerging methods 

Open-ended questions 

Interview data, 

observation data, 

document data, 

and audio-visual data 

Text and image analysis 

Themes, patterns 

interpretation 

 

Note: Adopted from Creswell (2013, p. 3). Copyright © SAGE Publications. Reproduced with 

permission from the publisher. 

The rationale for choosing mixed methods design is because it has been successfully used in IS 

Research, where this thesis is grounded. The research is in a ‘soft system’ domain, where the 

experiences of people are key, thus, quantitative data only might not provide enough depth of 

understanding of the phenomena. Moreover, it has been proven suitable “to provide rich 

insights into various phenomena and develop novel theoretical perspectives” (Venkatesh et al., 

2013). It has served as a proven research methodology in many SOP studies (Buijs, 2009; Lin 

& Lockwood, 2014; Poe et al., 2016). In their survey on the use of gamification from a human-
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computer studies perspective, Seaborn and Fels (2015) found that the majority (65%) of the 

gamification studies apply a mixed-methods approach. High use of gamification is also evident 

in other research domains (Goncalves et al., 2014; Hamari et al., 2014; Olsson et al., 2016). 

Given that this thesis deployed relatively new technologies, concepts, and multiple complex 

factors that can affect the technology adoption decisions mixed methods design provides a rich 

mechanism for discovering and comprehending these technologies, concepts, and factors 

(Venkatesh et al., 2013). 

To summarise, a mixed methodology was chosen because neither quantitative nor qualitative 

methods are sufficient to capture the trends and details of the gamification system on a more 

massive scale. As discussed above, combining quantitative and qualitative methods allows for 

a complete analysis because the methods complement each other (Teddlie & Tashakkori, 2012).  

Johnson and Onwuegbuzie (2004) state that mixed methods enable the researchers to exploit 

the strengths and minimise the shortcomings of both methods in a single study. Four factors 

need to be considered when designing a mixed-methods study: implementation, priority, 

integration and theoretical perspective (Creswell et al., 2003, p. 171). Implementation refers to 

the order (sequence) of the data inquiry. In other words, the qualitative or quantitative is 

performed first, following one another, or these are performed concurrently or in parallel. 

Priority refers to whether a qualitative or quantitative method is prioritised in the study. 

Integration refers to the stage of the research process at which quantitative and qualitative data 

collection integration occurs. The theory factor refers to the use of a theoretical lens and whether 

it is explicit or implicit within a mixed-methods study. This research used a sequential 

explanatory mixed methods design consisting of two distinct phases (Creswell, 2013). The 

visual model of the sequential explanatory mixed methods design procedures for this study is 

presented in Figure 11. The next section continues with the methodological approach. 
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Figure 11 

Visual Model for Mixed-Methods Sequential Explanatory Design Procedures  

Phase Procedure Product 

 − Quantitative pre/post web-

based surveys (n~90) 

− Numeric data 

− Text data 

 − Data screening (univariate, 

multivariate) 

 

− Factor analysis 

− Frequencies 

− IBM SPSS quant. software 

v.23 

− Descriptive statistics, 

missing data, 

homoscedasticity, linearity, 

normality, multivariate 

outliers 

− Factor loadings 

 

 − Purposefully selecting 

participants (n - 15) based 

on typical response and 

maximal variation principle 

− Developing interview 

questions 

− Cases (n ~ 15) 

− Interview protocol 

 − Individual semi-structured 

face-to-face with ~15 

participants 

− Follow-up interviews 

− Elicitation materials 

− Documents 

− Text data (interview 

transcripts, documents, 

artefact description) 

− Digital Image data 

(photographs) 

− Digital Audio Data 

 − Coding and thematic 

analysis 

− Within-case and across-case 

theme development 

 

− QSR NVivo 11 qualitative 

software 

− Visual model of multiple 

cases analysis 

− Codes and themes 

− Similar and different themes 

and categories 

− Cross-thematic matrix 

 − Interpretation and 

explanation of the 

quantitative and qualitative 

results 

− Discussion 

− Implications 

− Future research 

Note: Adapted from (Creswell & Plano Clark, 2011). Copyright © SAGE Publications. Reproduced 

with permission from the publisher. 

Phase II 

Phase I 

Quantitative Data 
Collection

Quantitative Data 
Analysis

Connecting 
Quantitative and 

Qualitative
Phases

Qualitative Data 
Collection

Qualitative Data 
Analysis

Integration of the 
Quantitative and 

Qualitative
Results
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A variety of software tools were used to conduct the analysis of the data at different stages of the 

research. All tools used to conduct the data analysis in this thesis are presented in Table 6.  

Table 6 

Data Analysis Tools 

Type of analysis Tool Version 

Quantitative IBM SPSS  26.0.0.1 

Quantitative NVivo  12.6.0 

Power G-Power 3.1.9.3 

Confirmatory Factor Analysis SmartPLS  3.3.0 
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3.3 METHODOLOGICAL APPROACH 

In line with service marketing, an Australian university as a service system was selected. As 

already suggested in the literature (see section 3.2.4), gamification should be more effective on 

already established and operational services. To this end, an artworks tour hosted at the 

university was selected as the focus of the research. This tour was offered as a part of the 

exhibition of the indigenous artworks collection. It was already running as a service enriching 

the student experience. The traditional tour was replicated in a digital form representing the 

original experience as closely possible on a mobile device using multisensory inputs. A mobile 

app was developed to facilitate the experimental manipulation. The details of the experiment 

are presented in the next section. 

Gamification was introduced to enhance the tour service by bringing game affordances into the 

experience. Gamification affordances were used to increase the tour's engagement, enjoyment, 

retention, and availability as per the literature review (see section 2.4.5). As per the literature 

review, performing gamified activities should influence the participants’ SOP, which then 

would be measured (Oleksy & Wnuk, 2017). 

Before starting the data collection, the university gatekeeper's approval and ethics clearance 

were received under the Human Research Ethics Application, number NV00009, discussed 

later (see section 3.4). Since the researcher could not be granted access to the university’s 

student population for random sampling, convenience sampling was adopted as the sampling 

method. The participants in the study were selected as a convenience sample from a university 

student population and randomly assigned to three equal groups. Convenience sampling refers 

to choosing settings, groups, and/or individuals conveniently available and willing to participate 

in the study (Onwuegbuzie & Collins, 2007). 
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This research included two distinct phases, consistent with explanatory sequential mixed 

methods design (Creswell, 2013; Creswell et al., 2003). In the first phase (Phase I), quantitative 

data collection and analysis were conducted. Qualitative data collection and analysis in the 

second phase (Phase II) began after collecting the quantitative data in Phase I. It is noted that 

there was a slight overlap between the two phases at the end of Phase I. The qualitative phase 

built upon the findings of the quantitative, aiming to provide a deeper understanding of the 

quantitative data. Phase I addressed both research questions and subquestions 1, 1.a, 2, 2.a (see 

Figure 12 and Figure 13), and 2.b. Phase II addressed the research questions 1, 1.a, 1.b, 1.c and 

2 (see Figure 12 and Figure 15). 

Figure 12 

Research Questions Against the Phases of the Research 

 

RQ1 and sub-questions          RQ2 and sub-questions 

Interpretation of the overall results was drawn from all collected data, which resulted in a meta-

inference (Tashakkori & Teddlie, 2008). Venkatesh et al. (2013, p. 49) emphasise that mixed 

methods and associated meta-inferences “offer mechanisms for discovering substantive theory" 
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by providing the researcher with the ability to discover phenomenon components and uncover 

“interrelations among these components and boundary conditions surrounding these 

interrelations.” The next section elaborates the methods and procedures used in Phase I. 

3.3.1 PHASE I – QUANTITATIVE 

Figure 13 

Research Questions Against the Phase I of the Research  

 

RQ1 and sub-questions          RQ2 and sub-questions 

Phase I was designed and conducted in two steps. The first step was developing a gamified AR 

mobile application titled Corrigan Walk Tour and its implementation. The second step was 

executed as a pre-test/post-test, control group experimental intervention design (Campbell & 

Stanley, 1963), explicated later in this section. 

The first step of Phase I began with developing a multiplatform mobile app as a software service 

system that implemented AR micro-location gamification of place. The app itself was the means 

to implement the gamification of place. It facilitated the experimental intervention and aided 
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the collection of the quantitative, numeric survey data. Therefore, as this thesis execution relied 

on a complex gamified mobile app combining AR and micro-location with the audio-narrated 

exhibition tour, the development of the application had a rigorous and comprehensive approach.  

The design and development of the app adopted the Design Science Research Methodology 

(Hevner et al., 2004). The rationale for choosing DSRM was because the methodology was 

developed from the ground up for IS research. This methodology can be used to methodically 

develop IS applications within the IS domain of this thesis (Hevner et al., 2004). 

Moreover, Morschheuser et al. (2018) proposed DSRM as the most appropriate approach for 

developing gamified applications. In its essence, DSRM is an iterative process of research, 

design and development of software for IS by systemically developing a solution to an 

identified problem in the form of an artefact or multiple artefacts. There is also evidence that 

this approach is appropriate as it has already been used in micro-location gamification studies 

(Marques et al., 2017). 

This methodology provides design, development, testing, and evaluation of the solution 

iteratively. Furthermore, it provides a solution in line with the needs of the stakeholders, 

organisation, and end-users. DSRM is extensively discussed in the DSRM and Design of the 

Artefact chapter, which is dedicated to the DSRM Implementation process, as it is a major part 

of the research. 

There were two main objectives this app was attempting to achieve in the context of this thesis. 

The first objective was to replicate, as authentically as possible, the established traditional tour 

of the indigenous artworks on display on the university campus. This was achieved in the form 

of a smartphone app implementing gamification and AR micro-location. The rationale for using 

a mobile app was that it could fully exploit the technological capabilities of a mobile device, 



   
 

121 
 

such as portability and the visual, audio and multisensory input and interaction with the user. 

Moreover, the proliferation of smartphones allowed for using BYOD design to increase the 

accessibility of the implementation. 

The second objective was to enhance students’ learning and on-campus experiences by 

providing functionalities that are not always available or accessible. This is because the tour 

experience was based on scheduling and was narrated by an indigenous artist, which might not 

have been available to guide the tour. Due to the student's timetable arrangements, there is also 

the difficulty of self-organising or organising a group to take the tour. Hurdles such as these 

might have even demotivated the students to take the tour in the first place. 

Due to the ethical, privacy and security considerations, no location and context data was 

collected through the application. This data was not collected because it can map the mobility 

around the campus, showing the hotspots, student interests and context, which later might be 

exploited, affecting students’ security and privacy. Security and privacy are discussed in detail 

later, in section 3.5 Privacy and Security. Due to cultural sensitivity and copyright 

infringements, no social networks and sharing features were implemented. 

The app was gamified by adding game elements found to increase student motivation for 

attendance, engagement and social exposure (Barata et al., 2013; Koivisto & Hamari, 2014). 

The process and the outcomes of the app development are presented and discussed in detail in 

Chapter 4, DSRM and Design of the Artefact. 

The second step followed the implementation of the DSRM outcomes and began with the 

quantitative data collection. The aim was to identify the potential predictive power of selected 

variables on SOP from the tripartite framework of Place identity, attachment and dependence 

as an effect of the gamification, as already discussed in the literature review (see section 2.5.3). 
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The second step was designed as True Experimental, Pre-test/Post-test Control Group Design 

(Campbell & Stanley, 1963). The population sample was split into three equally numbered 

groups: one comparison and two intervention groups. The first intervention group was 

controlling for the second intervention group. The first group would take the tour the traditional 

way by following the guidance of a human tour guide, and the second group would take the 

tour by following the AR version of the mobile app. The third group would follow the gamified 

AR version of the application that would implement basic game mechanics. The second AR-

only group would control for AR's effect on participants' SOP; as in the literature, AR has 

already been discussed as a predictor of SOP (Chang et al., 2015), as have the location-based 

AR games (Oleksy & Wnuk, 2017). 

The intervention quantitative, numerical and textual data were collected through a web-based 

survey and observation (Jorgensen, 1989). The instrument (presented below) was first tested 

and validated via CFA (Confirmatory Factor Analysis) (see section 4.7.4). The SOP component 

of the survey instrument has also been used and validated in Jorgensen and Stedman (2001) 

study of SOP. Regarding the other constructs, the instruments used were also pre-validated. 

All adapted questions in the instrument only include changes relevant to this research, such as 

changing the place's name or the application used. The constructs also came from different 

domains, such as psychology and technology. Therefore, there should not be a potentially 

adverse effect on the validity and reliability of the instrument. The survey questionnaire’s 

numerical and textual closed-ended and open-ended items were administered to the participants 

before and after the intervention (Creswell, 2013, p. 45). 

Prior to the data collection and recruitment of the participants, a power analysis was conducted 

by using the G-Power application (Faul et al., 2007). The power analysis was conducted to 

estimate the minimum sample size for the experiment, considering the pre-set values for 
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statistical power, significance level and effect size. 

The first value, the power (1 - b), of a statistical test, complements the Type II (b - beta) error. 

It refers to the probability of making a Type II error or failing to reject the H0 (null) hypothesis 

when it is false. In other terms, the power refers to the probability of a statistical test finding an 

effect if there is a true effect to be detected. When designing experiments, it is common to 

consider the statistical power of 0.8, or 80% (Faul et al., 2007). This degree of power means 

that the probability of encountering Type II error is 20%. The second value was the statistical 

significance. In contrast, the power is different from the significance value of 0.05, which means 

a 0.05% probability of encountering Type I error or α (alpha). The third value, the effect size, 

emphasises the size of the difference or relationship and is independent of the sample size. It is 

a quantitative measure of the effect of comparing two groups. Specifically, the effect size means 

defining a minimum detectable degree of violation of H0 with a probability not less than the 

power. Effect sizes for all types of analysis used in this thesis are given in Table 7. 

Table 7 

Effect Sizes Table  

 Means Multiple Regression Chi Square Correlation ANOVA 

Effect Size d** R2 * w* r** η2  f* 

Small 0.20 0.02 0.10 0.10 0.01 0.10 

Medium 0.50 0.13 0.30 0.30 0.06 0.25 

Large 0.80 0.26 0.50 0.50 0.14 0.40 

Note: The term “effect size” is used in a general sense, including what also might be labelled variance 

accounted for, magnitude of effect, strength of association, and coefficient of determination. 

* Cohen (1988) 

**Cohen (1992) 

The effect size value of f = 0.25 was used for the calculation, which in G-Power software 

corresponds to the medium effect size proposed by Cohen (1988, pp. 285-287). By plotting 
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these three values in G-Power, the power analysis produced a minimum number of forty-two 

participants (n=42) for an experiment with the actual power of ~0.803 (see Figure 14). 

Figure 14 

G-Power Plot of the Distributions  

 

Note: Screenshot taken from G-Power app in October 2018.  

The sample was drawn from the university student population, with a final sample size of 

ninety-three (n=93) participants, which sufficed the minimum sample size from the power 

analysis. Consequently, each group size was thirty-one (n=31) participants meeting the 

minimum number of twenty-one participants per group for experimental design, as per 

Onwuegbuzie and Collins (2007) and the Central Limit Theorem minimum of thirty 

participants per group for higher reliability (Hogg et al., 1977; Kwak & Kim, 2017). 

The survey instrument was administered to the population in two ways. For the two-thirds of 

the participants (n≥63) that used the app for the tour, the instrument was administered on the 

device as part of the application use, pre and post taking the tour. For the one third (n≥31) that 

took the tour in the traditional manner, the instrument was also administered on the same 

devices as an online survey. 

To test the predicting power of the selected internal and external factors that impact SOP when 

using gamification of AR micro-location, the SOP section of the questionnaire was based on 

the tripartite framework for measuring SOP through three construct a PI, PA and PD. The 

— - Normal Distribution 

— - Potential alternative 

◼ - Type I err. probability 

◼ - Type II err. probability 
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twelve questions were split into three groups of four per group, as per Jorgensen and Stedman 

(2001) (see Table 8). The choice of the constructs reflecting the university campus is 

rationalised by the distribution of indigenous artworks throughout the campus. Although the 

tour space reflects a small section of the campus, the items within the constructs refer to the 

place as a whole. 

Table 8 

Variables in the SOP Framework and the Corresponding Questions from the Survey Instrument 

Construct Variable Question 

Place identity PI_1  Everything about the Bond University campus is a reflection of me. 

PI_2 The Bond campus says very little about who I am. 

PI_3  I feel that I can really be myself on the Bond campus. 

PI_4  The Bond campus reflects the type of person I am. 

  

Place 

attachment 

PD_1  I feel relaxed when I'm on the Bond campus. 

PD_2 I feel happiest when I'm on the Bond campus. 

PD_3  The Bond campus is my favourite place to be. 

PD_4  I really miss the Bond campus when I'm away from it for too long. 

  

Place 

dependence 

PD_1  Bond is the best place for doing the things that I enjoy most. 

PD_2 For doing the things that I enjoy most, no other place can compare to 

Bond. 

PD_3  Bond is not a good place to do the things I most like to do. 

PD_4  As far as I am concerned, there are better places to be than at Bond. 

Note: Based on Jorgensen and Stedman (2001). Copyright © 2001 Elsevier. Reproduced with 

permission from the publisher. 

All items were measured on a five-point Likert scale (strongly disagree – strongly agree). 

The acquired data from the web-based surveys were subjected to a multivariate inferential data 

analysis through the SPSS package. Specifically, in line with Campbell and Stanley (1963), for 

the SOP data, a two-way, within and between subjects ANOVA was conducted in SPSS. 
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A regression analysis was also performed on the SOP post-intervention data. The convergent 

validity and reliability of the instrument were assessed with three metrics: average variance 

extracted (AVE), composite reliability (CR), and Cronbach’s alpha (Alpha). Discriminant 

validity was also assessed in three methods. First, the square root of the AVE of each construct 

was compared to all correlations between it and other constructs. Second, the inter-correlation 

between constructs was analysed. Third, the discriminant validity was assessed (Fornell & 

Larcker, 1981). 

The gamification outcomes were measured by adapting the constructs from the instruments 

used in Hamari and Koivisto (2015); Koivisto and Hamari (2014). Several constructs from the 

original instrument, such as Social Influence, Recognition and Continued use intentions, were 

not used due to the non-existent social and sharing features in the application per the limitations 

of the study, discussed later, and also the one-time or short-term use nature of the application.  

The adapted survey instrument consisted of constructs testing for facilitating factors and social, 

hedonic, and utilitarian benefits. The items, sources and definitions of the constructs were the 

following: The Ease of use represented the facilitating factors, and the Social influence 

construct represented the social dimension. The Playfulness and Enjoyment constructs 

represented the hedonic dimension. The utilitarian dimension was measured via the Usefulness 

construct. Most of the used constructs consisted of four items, one construct of five items, and 

one of nine items (see Table 9). All items were measured on a seven-point Likert scale (strongly 

disagree – strongly agree). 

The reliability and validity of these constructs were tested, confirmed, and compared with the 

source publications, respectively and discussed in the DSRM and Design of the Artefact chapter 

of the thesis (see section 4.7.4). As the instruments were modified, the validity and reliability 

were assessed with the same method described above for the SOP instrument. 
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Table 9 

Survey Constructs, Items, and Sources  

Construct Definition and Sources Variable Items 

Ease of use 

(Koivisto & Hamari, 2014) 

 

The degree of belief that using a system 

would be free of effort (Davis, 1989; 

Venkatesh, 2000; Venkatesh & Davis, 

2000) 

G_1 Using the Corrigan Walk Tour app interface does not 

require a lot of mental effort 

G_1 The interaction with Corrigan Walk Tour app is clear 

and understandable 

G_1 I find the Corrigan Walk Tour app easy to use 

G_1 It is easy to get the interface of Corrigan Walk Tour 

app to do what I want it to do 

Social influence  

(Koivisto & Hamari, 2014) 

 

The perceptions of approval for using the 

system (Ajzen, 1991; Fishbein & Ajzen, 

1975; Hernandez, Montaner, Sese, & 

Urquizu, 2011; Hsu & Lin, 2008) 

G_2 People who influence my attitudes would recommend 

Corrigan Walk Tour app 

G_2 People who are important to me would think 

positively of me using Corrigan Walk Tour app 

G_2 People whom I appreciate would encourage me to use 

Corrigan Walk Tour app 

G_2 My friends would think using Corrigan Walk Tour 

app is a good idea 

Playfulness  

(Koivisto & Hamari, 2014) 

 

A situation-specific characteristic of a 

person – a trait of playfulness emerging 

when the person is interacting with the 

system (Venkatesh, 2000; Webster & 

Martocchio, 1992) 

G_3 Uninventive (reversed) 

G_3 Unoriginal (reversed) 

G_3 Unimaginative (reversed) 

G_3 Playful 

G_3 Curious 

G_3 Creative 

G_3 Flexible 

G_3 Experimenting 

G_3 Spontaneous 

Enjoyment 

(Koivisto & Hamari, 2014) 

 

Overall perceived enjoyment and 

contentment with using the service (Davis, 

1989; van der Heijden, 2004) 

G_4 The experience using the Corrigan Walk Tour app 

and related activities is enjoyable 

G_4 The experience using the Corrigan Walk Tour app 

and related activities is pleasant 

G_4 The experience using the Corrigan Walk Tour app 

and related activities is exciting 

G_4 The experience using the Corrigan Walk Tour app 

and related activities is interesting 

Usefulness  

(Koivisto & Hamari, 2014) 

G_5 Using Corrigan Walk Tour app makes it easier for me 

to the tour 

https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0065
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0065
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0065
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0010
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0010
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0010
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0345
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0345
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0065
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0065
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Construct Definition and Sources Variable Items 

 

The degree of belief that using a system 

would enhance the performance of the task 

the system is designed for (Davis, 1989; 

Venkatesh, 2000; Venkatesh and Davis, 

2000) 

G_5 Using Corrigan Walk Tour app is useful for purposes 

the tour 

G_5 Using Corrigan Walk Tour app enables me to 

accomplish more with regard to my tour 

G_5 Using Corrigan Walk Tour app enhances the 

effectiveness of the tour. 

G_5 I find Corrigan Walk Tour app useful 

Attitude  

(Hamari & Koivisto, 2015) 

 

The attitude towards the application use 

Ajzen (1991) 

G_6 All things considered, I find using Corrigan Walk 

Tour app to be a wise thing to do. 

G_6 All things considered, I find using Corrigan Walk 

Tour app to be a good idea. 

G_6 All things considered, I find using Corrigan Walk 

Tour app to be a positive thing. 

G_6 All things considered, I find using Corrigan Walk 

Tour app to be favourable. 

Note: Adapted from Hamari and Koivisto (2015); Koivisto and Hamari (2014). Copyright @ 2014, 

2015 Elsevier. Reproduced with permission from the publisher. 

Due to the iterative nature and variation between the iterations, the methods, instruments and 

data collection techniques for the DSRM part of this phase are discussed separately in chapter 

4, DSRM and Design of the Artefact. The goal of the first phase was to identify the potential 

predictive power of selected variables on user perception gamified service and SOP by 

answering the research questions and subquestions (1, 1.a, 2, 2.a, and 2.b) (see Figure 12 and 

Figure 13), and to allow for purposefully selecting participants for the second phase, presented 

in the next section.  

https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0065
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0065
https://www.sciencedirect.com/science/article/pii/S0747563214001289#b0065
https://www.sciencedirect.com/science/article/pii/S0268401215000420#bib0005
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3.3.2 PHASE II – QUALITATIVE 

Figure 15 

Research Questions Against the Phase II of the Research 

 

RQ1 and sub-questions          RQ2 and sub-questions 

The second, the qualitative phase of this research focused on explaining the quantitative results 

collected in Phase I in line with the Mixed methods approach (Creswell, 2013). The qualitative 

data analysis provided refinement and explanation of the quantitative statistical results by 

exploring the participants' views in more depth. The qualitative data collection and analysis 

used in this phase relied on the thematic analysis method by Braun and Clarke (2006). 

This approach was used to collect text data from semi-structured, face to face interviews 

(Adams, 2015), documents and recruitment materials to answer the research questions 1, 1.a, 

1.b, 1.c and 2, as is illustrated in Figure 12 and Figure 15. Phase II was conducted to get a more 

in-depth understanding of why the internal and external factors and conditions from the first 

phase could facilitate GARM-L to increase SOP. 
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As the method is designed as explanatory (Creswell, 2013), the interviews with the participants 

were tailored to elicit an explanation of the quantitative results regarding what the participants 

thought and felt about the place and SOP formation and development factors towards the place. 

The interviews were conducted with students representing the students population. In contrast, 

the interviews with the experts during the app development in Phase I were intended to answer 

the business values and the broader stakeholder’s perspectives on the implementation, and 

additionally, the RQ 1.3 regarding the value of GARM-L for the place. The interviews with the 

experts followed up on Phase I usability testing and were conducted as a separate sample (see 

Chapter 4 DSRM and Design of the Artefact). 

The design of the interview questions was further strengthened by adopting the procedure used 

in Chang et al. (2015) to design the SOP part of the interview. This study was chosen because 

of a similar approach, as it is based on Jorgensen and Stedman (2001) quantitative survey 

instrument in similar research settings. 

The developed interview design considered the affective experience, conative behaviour, and 

cognitive knowledge that the participants developed during the visiting activity. In 

supplementing this, the interviewer asked about the influence that certain conditions had during 

the activity and how the participants perceived the use of the application (service). 

Participants' attitudes towards the implementation were also investigated. The degree of 

enjoyment while performing the activity or using the service (application) was also examined, 

and the potential increase in the interest and knowledge gained during the activity. In addition, 

questions concerning learning motivation and opinions regarding the tour were included. 

Before the beginning of the interviews with the students, an explanatory statement was 

presented as an introduction to the activity (see Appendix 1, section 8.1). The interviewer 
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introduced themselves to the participant and then explained the context and elicited the basic 

demographic data. The duration of the interviews was no longer than thirty-five minutes, in line 

with gatekeep approval and ethics. The interview closure included revisiting the points raised 

during the activity to correct, elaborate or complete the information. 

The interviewee was asked for additional comments or opinions important for them to be 

recorded. For example, the interviewees would be asked questions such as “What aspects of 

this place do you like best/least?”, “What did you think about the Corrigan Walk app” and 

“How does the exhibition benefit from an app like this?” The whole interview protocol was 

developed and tested during the first step of Phase I (see Appendix 1, section 8.1) after testing 

and validating the survey instrument and the initial results of the test. 

The projected sample size for this phase was predicted to range from n=12-25 participants, 

which depended on reaching the saturation point in the qualitative data (Marshall et al., 2013) 

as a criterion for discontinuing the data collection or analysis (Saunders et al., 2018). The 

saturation point refers to the point in which, with every new interview, the themes are repeating, 

and no new insights are generated. 

The number of experts interviewed outside the participants' sample was five (n=5), consisting 

of the same group of experts used in the first step of Phase I during the Design Science Research 

Implementation (see Chapter 4 DSRM and Design of the Artefact). The data obtained from the 

interviews, documents, reflective comments and recruitment was coded and investigated for 

themes (Braun & Clarke, 2013) using the QSR NVivo software for qualitative data analysis. 

The following chapter discusses validity and reliability, which are an inseparable part of 

research data collection. 
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3.3.3 RESEARCH VALIDATION 

Validation of findings is continuous and occurs throughout all the steps in the research process. 

The validity, as well as the reliability, lead to meaningful interpretations of data (Creswell, 

2013). Validity in quantitative research refers to the ability to draw meaningful and useful 

inferences from scores recorded through particular instruments. 

On the other hand, quantitative reliability refers to the internal consistency of scores to items 

on an instrument (i.e., are the item responses consistent across constructs?), stability over time 

(test-retest correlations), and the level of consistency in administration and scoring of the test.  

During Quantitative data inquiry, several threats threaten the validity, which will subsequently 

question the ability of the experimenter to conclude that the intervention affects an outcome 

and not some other factor. It is very important to identify these potential threats and design the 

experiment robust enough to prevent these from arising or minimise the probability of 

introducing errors. 

While conducting Phase I – Quantitative study, there are two types of threats to validity that 

might occur during this phase: internal threats and external threats. The internal validity threats 

relevant to this research and the researcher’s responses to prevent the threats from occurring 

are discussed below. History is a threat where due to the passing of time, events affect the 

outcome outside the experiment. This threat was mitigated by ensuring that all groups had 

experienced the same external events. Maturation, as the change of the participants during the 

experiment, was mitigated by the short duration of the intervention. The selection threat was 

addressed by randomising the convenience sample. The mortality threat or participants 

dropping out during the experiment was addressed by acquiring a much larger sample than the 

minimal one calculated by the power analysis. The participants did not have a chance to 

communicate between the groups, thus addressing the diffusion of treatment threat. Resentful 
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demoralization threat can emerge due to the non-treatment groups not receiving the treatment, 

which was prevented by offering the comparison groups to take the tour with the intervention 

version of the mobile app. Compensatory rivalry threat emerges when the participants in the 

comparison groups feel devaluated, which was prevented by not informing the participants in 

which group they were or the existence of the other groups before the intervention. Finally, the 

instrumentation threat was prevented by not altering the instrument between the pre- and post-

test measurements. 

These threats were always in consideration while conducting Phase I in this study, such as ones 

that involve: participants (history, regression, selection), experimental treatment manipulated 

by the researcher (diffusion, demoralisation, rivalry), and procedures used in the experiment 

(testing and instruments) (Creswell, 2013). 

Measures were implemented to prevent external validity threats that can occur due to the 

characteristics and treatment of the individuals for the study, the features of the setting, and the 

history of the experiment. Concerning the interaction of selection and treatment threat, the 

generalisation cannot be extended to individuals with different characteristics than the 

participants. Interaction of setting and treatment threat states that the results are not 

generalisable to other settings than the experiment ones due to the characteristics of the settings 

of participants in the experiment. Finally, the threat of interaction of history and treatment as 

the experimental results are time-bound makes the results non-generalisable in past or future 

situations. In response to these threats, the researcher restricted the claims about the non-

generalisable groups, proposing repeated future experiments with a larger scope in various 

settings. 

Validity in qualitative research does not carry the same meanings as it does in quantitative 

research, nor is it related to reliability (examining stability) or generalizability. Qualitative 
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validity requires that the researcher evaluates the accuracy of the findings by utilising specific 

procedures. The qualitative reliability denotes the consistency of the researcher’s approach 

across different researchers and different projects (Creswell, 2013). 

The qualitative literature addresses the validity with terms such as trustworthiness, authenticity, 

and credibility, and this is a much-discussed topic (Lincoln et al., 2011). To validate the findings, 

the qualitative phase of the study used the four primary forms: triangulation, member checking, 

rich description, and external audit, as described in Table 10 (Creswell, 2013). 

Table 10  

Primary Forms of Validation in the Qualitative Phase 

Form of validation Description 

Triangulation Converging different data sources of information (interviews, documents, 

artefacts). 

Use member 

checking 

Inquiring feedback from the study participants on how accurate the identified 

categories and themes are. 

Use rich description Providing detailed, thick description to convey the findings, and offer 

multiple perspectives for the themes. 

Use and external 

auditor 

Asking a person outside the project to conduct a thorough review of the 

study and report back 

Note: Adopted from Creswell (2013). Copyright © SAGE Publications. Reproduced with permission 

from the publisher. 

The advantages and the shortcomings of mixed methods designs are extensively discussed in 

academia (Creswell, 2002), and these are presented in Table 11. To ensure a rigorous design 

implementing the highest possible standards of validity and reliability, this research followed 

the guidelines proposed by Venkatesh et al. (2013) for Mixed methods research designs. 

These guidelines have a strong emphasis on (i) How appropriate is the mixed methods approach, 

(ii) The strategies applied for the design and data analysis, (ii) The development of meta-

inferences, and (iv) Meta-inferences quality assessment and validation. Moreover, the study 
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implemented the integrative framework that Venkatesh et al. (2013) developed for validation 

in mixed methods research, which works in conjunction with the guidelines. 

Table 11 

Advantaged and Weaknesses of Mixed Methods Designs 

Advantages Weaknesses 

Suitable for a single researcher, because 

sequentially proceeds from one phase to the 

other. 

Mixed methods design requires a lengthy time 

to complete. 

This design is useful for more in-depth 

investigation of the quantitative results. 

Feasibility of the resources is required in order 

to collect and analyse both types of data. 

This design is very useful when unexpected 

results emerge from the quantitative phase. 

Quantitative results from the first phase may not 

show any significant differences. 

Note: Adopted from Creswell (2013). Copyright © SAGE Publications. Reproduced with permission 

from the publisher. 

The involvement of the researcher in the data collection differed by the phase of the study. In 

Phase I, the quantitative phase, the researcher administered the survey instrument and collected 

the data using standard procedures, including instrument administration and observation and 

checking the validity and reliability of the instrument. The analysis of the data was performed 

by utilising comprehensive and rigorous statistical data analysis methods. The interpretation of 

the results was based on the established values for the functions’ statistical values. 

In Phase II – the qualitative phase, the role of the researcher was more involving and 

participatory because of the “sustained and extensive experience with participants” (Creswell, 

2013, p. 184). Routine audits were conducted by the researcher and thesis supervisory panel's 

academic supervisors, which included all research procedures and analysis of the data from the 

study. Section 6.2 discusses the threats to validity, such as the novelty bias and observation bias 

(Hawthorn Effect).  
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3.4 RESEARCH PERMISSION AND ETHICAL CONSIDERATIONS 

Ethical issues of the study will be addressed before and at each phase of the study. The process 

for ethics approval is completed under “NV00009 - Gamification: Using Micro-location to 

Increase Sense of place” at the Human Research Ethics Application (HREA) portal operated 

by the National Health and Medical Research Council (NHMRC). University’s gatekeeper’s 

approval was sought and granted for the study. 

An informed consent form was developed (see Appendix 2 section 8.3), which stated the 

participants’ rights, their agreement to participate in the study, and the acknowledgement of 

protection of their rights and privacy. A statement relating to informed consent was affixed to 

the web survey, which reflects the compliance by participation. The anonymity of the 

participants was protected by the alpha-numeric self-generated coding of each questionnaire. 

“Acknowledgments to the indigenous landowners” text was presented on the Welcome screen 

of the mobile application where the participants (Appendix 2, section 8.3). To use the 

application, users had to acknowledge that they had read the text, agree with the terms and the 

privacy policy (available behind a web link), and agree to participate in the study (see Chapter 

4). The aggregate data from the research, which encompasses digital survey questionnaires, 

digital interview records, and transcripts, was kept on a computer locked in the researcher’s 

office and destroyed after the defined time under the institutional data and privacy policies. 

The participants were informed of the data summary, which was also disseminated to the 

professional and scholar communities. Nevertheless, there was no possibility of tracing the data 

back to the individuals due to the policy of not collecting personal or identifiable information 

and using techniques such as self-generated code. Even the researcher could not trace the data 

back to the participants. Privacy and security are discussed in the following section.  
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3.5 PRIVACY AND SECURITY 

The “security implications of IoT and its applications have already turned into hurdles for its 

wider adoption” (Kolias et al., 2016), and the ever-increasing demand and proliferation can lead 

to difficulties in assessing the critical points such as security and privacy. 

This section explores the security and privacy deficiencies in the iBeacon standard and their 

possible implications for the proposed implementation and solutions to these problems. 

According to Kolias et al. (2016), three contemporary privacy and security risks exist in IoT 

cases. The first one is the available information about the location of the user. The second one 

is the potential of sensitive or classified information leaks. The third risk is the unauthorised 

remote exploitation of devices. 

Providing location context is one of the most useful features of iBeacon technology and 

automation by triggering actions by it. For example, a notification push when a user enters or 

exits a region/area launches a specific application or turns on the Wi-Fi on the user device when 

it is in the predefined proximity of the beacon. The high accuracy of the iBeacon technology is 

being exploited in IoT retail sector implementations, mainly for targeted marketing, asset 

tracking and guidance, or various other applications in different domains, such as airports 

check-ins (Connolly, 2017). The misuse of this, in most cases, is harmless at the level of 

annoying. However, it might become high risk if the data is stored and leaked. 

The potential privacy implications cannot be disregarded. This is specifically important for 

unauthorised user tracking by other parties. The weakest points are the transport of the 

information (exploited by monitoring the data transfer) and the information storage, both local 

and in the cloud (by cracking the storage security measures). This has been successfully 

performed on various high-security RFID devices (credit cards and tags) or low-security 

devices such are fitness trackers (Lester, 2017). 
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Kolias et al. (2016) highlight the levels of exploitation approaches for the user location and 

identity information ranging from simple annoyances such as unwanted advertising at sales 

locations. Exploitations range from advanced tracking and surveillance in the form of route 

tracking and habits to intelligent terrorism, where IoT devices can be used to trigger explosive 

devices in the presence of a particular individual. The security concerns such as the insecurity 

of the communications and the custom authentication practices play a minor role in the iBeacon 

case. In contrast, the main concern is broadcasting the UUID, which is broadcasted in plain text, 

together with the minor and the major values. 

Spoofing or cloning the advertising message of the beacon can be considered trivial, especially 

if the beacon is part of a beacon network. The result is mainly annoyance for the user, such as 

receiving a notification at the wrong time (Kolias et al., 2016). The more serious case is in the 

scenario where a single user is related to a specific beacon. Vendor solutions to this issue 

include change and rotation of UUID or major and minor numbers. However, these are not 

encrypted due to the standard specifications. 

Due to the risks that have been already discussed, users avoid broadcasting beacon message 

that tags personal objects that are carried every day (Kolias et al., 2016). A quick solution to 

this issue is manual enabling or disabling the beacon at desired locations, creating 

inconvenience for the user. Automation of this process is still unavailable because of the beacon 

technologies specifications. 

This data is not contained within the beacon device itself; however, it is gathered through 

continuous use and saved on the user device or in the cloud. The main concern is the leak of 

this data, and criminal parties exploit it. 
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The measures implemented include standard encryption and security protocols on users’ mobile 

devices, communications and cloud servers. The major players in cloud computing are also 

offering proven security measures. However, these are often made available on-demand to 

government agencies with means for decryption of that data. Using the social networks login 

credentials to protect the data is also an issue, and it should be clearly presented to the users. 

The only serious patch to this issue is that the real user identity is only knowable to the user. 

Subsequently, the back-end of the application only deals with irreversible hash codes that 

conceal user identity. Using the device’s unique numbers, such as the serial number, to calculate 

a hash code adds another layer of security. Although in this case, a change of the device will 

lead to a loss of the availability of the data to the user. 

The specific way that we will mitigate and address all these concerns is by making the user data 

unidentifiable and keeping all the data encrypted on the institution’s OneDrive service. The 

data on the physical beacons will be protected with a secure password and only accessible from 

the researcher’s control device. Also, the raw data will not leave the institutional Network. All 

the above adds to the limitation factors, which are unpacked in the next section. 

3.5.1 METHODOLOGY LIMITATIONS 

The participants' responses were their own personal reflections and were limited to their 

personal experiences while using the Corrigan Walk Tour app, involving the self-assessment 

component. The research focus was on the effectiveness of GARM-L, that is, in increasing SOP, 

excluding other constituents internal and external to the application use. The inclusion of 

several other constructs, such as gamification, behavioural and psychological outcomes and 

extended reality experience, mitigated the issue to a certain degree. 

However, to make the results even more generalisable, the research should be repeated in other 

places and populations in future. In the event of low response, there was a potential risk of a 
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non-response error in the quantitative Phase I and the problems that emerged caused by the 

differences between participants who responded and those who did not (Dillman, 2011). Lack 

of multivariate normality, homogeneity of group variances and linearity among the predictors 

may decrease the statistical power of the discriminant analysis procedure in the first phase of 

the study (Tabachnick & Fidell, 2000). Observer bias refers to the differences between the 

observers’ methods that can introduce an error, meaning different observers in the same context 

can come to different results. This is true even for a single observer that might introduce 

variation in the methods over time. Different readers can interpret qualitative data in a different 

way due to its nature, which may be the case with the Phase II of the research. Because of the 

interpretative nature of the qualitative research, the investigator may introduce bias into the 

analysis of the findings. 

Observation bias, also known as the Hawthorne effect, concerns the tendency of people to 

change behaviour when they are aware of being observed by the observer or by other means. 

This might lead the participants to try harder to engage and complete the tour, which might not 

reflect their unobserved behaviour. Selection bias emerges from the systematic selection of the 

same variables (location of the artworks, building settings, time of the day when an observation 

is made). Selection bias can be minimised by randomly choosing these variables.  
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3.6 METHODOLOGY SUMMARY 

In conclusion, in this chapter, the methodology used to conduct this research was the Mixed 

method. Precisely, the explanatory sequential mixed methods design was executed in two 

distinct phases. The qualitative Phase I consisted of two steps where the first step was the design 

and development of a mobile app that would facilitate the second step by using design science 

research methodology. The second step was the experimental intervention in the form of a 

control group experimental design, including pre- and post-intervention data collection. 

The focus of Phase I was to answer the first research question and sub-questions and, in parallel, 

enable the next phase. The qualitative Phase II started while the first phase data was collected. 

Data was collected through semi-structured interviews and analysed using the Thematic 

analysis method. All approvals were acquired before the data collection, and all security and 

privacy measures were implemented to the highest possible level. The methodological 

framework (see Figure 10) provided a solid base for implementing the Mixed methods research 

methodology. 

 However, the framework is only the larger picture. The first step of Phase I was a major part 

of the research and produced several successful outcomes, the key one being the enabling of 

the experiment. In multiple cycles iterative process, design science was used to design and 

develop a design artefact in the form of a gamified AR mobile app. The whole process is 

presented in the next chapter. 
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“Design is not just what it looks like and feels like. Design is how it works.”  

-- Steve Jobs 

 

  

4 DSRM AND DESIGN OF THE ARTEFACT 
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This chapter outlines the evolution of the DSRM design artifact that would be used for 

experimental manipulation in the thesis by addressing the research question: “How do designers 

optimise for successful outcomes of a gamified augmented reality implementation at a place?” 

The format of this chapter is founded and structured by following the DSRM principles and 

activities (Hevner et al., 2004; Peffers et al., 2007) (see Figure 16). These are well-established 

heuristics for conducting Design Science Research (DSR) in the Information Systems (IS) 

discipline. Hevner et al. (2004) proposed these in the form of guidelines for carrying out and 

presenting research, which Peffers et al. (2007) conceptualised and evaluated as a methodology 

for conducting IS research. 

Figure 16 

Visual Representation of the DSR Implementation Chapter Structure 
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The Introduction to DSRM section is followed by two major sections concerning the definition 

of the problem that this thesis aims to solve and the objectives of that solution. The third section 

describes the research design by first looking at the present related solutions, followed by the 

proposed design of the solution. Thenceforth, a section is dedicated to each iteration, containing 

the work conducted during the Design and Development, Demonstration, and Evaluation 

phases of that iteration. The details for the common aspects of the iterations (such as the formal 

evaluation statement) are presented in the first iteration section and afterwards referenced or 

further discussed in the subsequent subchapters. The chapter ends with a conclusion and a future 

work section. The next section introduces DSRM and explicates the concept. 
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4.1 INTRODUCTION TO DSRM 

As previously discussed in the Methodology section, this thesis aims to answer the two main 

research questions of equal weight. The first RQ1 asks if and how deploying GM-L can predict 

individual SOP. The second RQ2 inquires how the designers (developers) can optimise the 

development of a design solution/pattern for successful outcomes. The solution presented 

below is twofold; First, the solution provides the means of experimental manipulation and 

measurement of pre-post intervention changes on individual SOP to answer RQ1. Second, in 

doing that via the Design Science methodological rigour and by carefully documenting and 

disseminating the whole process, this chapter aims to answer the RQ2. The methodological 

approach is presented next. 

4.1.1 RESEARCH METHODOLOGY  

“Design science … creates and evaluates IT artefacts intended to solve identified organisational 

problems.” (Hevner et al., 2004, p. 20) DSRM was developed to be used in disciplines of 

applied character, such as Information Systems (IS). Because this research is grounded in the 

IS domain, and DSRM has already been used in similar projects (Chu et al., 2018; Marques et 

al., 2017; Morschheuser et al., 2017b), DSRM was adopted as the methodology for this phase 

of the research project. 

DSRM approach consists of seven guidelines that provide best practices and principles and a 

model of a process for guiding the research. The objective of this methodology is to provide a 

solution to specific problems emerging at the meeting between the information technology (IT) 

and the organisations. DSRM strives toward surpassing the methodologies traditionally used in 

IS, such as the interpretive and descriptive research paradigms (Peffers et al., 2007). To address 

this, Hevner et al. (2004) propose the creation and evaluation of artefacts. An artefact is 

considered “any designed object with an embedded solution to an understood research problem.” 
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(Peffers et al., 2007, p. 49). These artefacts can include constructs, models, methods, and 

instantiations.  

Constructs provide the language used to define and communicate the problem and the solution, 

for example, vocabulary and symbols. Models, such as abstractions and representations, 

represent the situation in the real world by using the constructs. The models add to the 

comprehension of the problem and the solution by representing the connection between both, 

which can more clearly depict the effects of the design choices in reality. Methods, such as 

algorithms and practices, define processes that provide guidance on how to solve the problem. 

Instantiations represent the implementation of constructs, models and methods in an efficient 

system. Instantiations (implemented and prototype systems) assess and test the feasibility and 

suitability of the intended purpose for the artefact, providing a preview of the artefact’s effects 

on the real world and how appropriate it is for the users.  

At its core, DSRM is a process model consisting of a nominal sequence of six iterative activities 

(phases) (Peffers et al., 2007). These are the following: 

(i) Problem identification and motivation  

 

In this activity, the problem is defined, and a justification for the solution is presented. The 

problem is split into conceptual pieces to fathom the complexity of the solution. The definition 

of the problem will then be used to create a solution in the form of an artefact. Knowledge about 

the state of the problem and the significance of the solution is a prerequisite for this phase.  

(ii) Define the objectives for a solution  

 

During this activity, the objectives for the solution are rationally inferred from the problem 

definition, and an understanding of what is possible and feasible is developed. The objectives 

can be quantitative (aiming for a better solution than the existing ones, if applicable) or 
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qualitative (description of artefact’s way of supporting the solution of the hitherto addressed 

problem). This phase requires comprehension of the state of the problem and the existing 

solutions, and if possible, how effective are they. 

(iii) Design and development  

 

In this phase, the design paradigm is used to determine the required functionality and 

architecture of the artefact, which is followed by the creation of the actual artefact specified in 

the previous phases. Any designed object that possesses research contribution embedded in the 

design is referred to as a design research artefact. Pre-required for this phase are the resources 

for converting the objectives into design and development encompassing the theoretical 

knowledge applied to the solution.  

(iv)  Demonstration  

 

This phase is a demonstration of the ability of the artefact to solve single or multiple problems. 

This is achieved by using techniques such as simulation, experimentation, case study, proof or 

any other appropriate technique. The knowledge of applying the artefact as a solution to the 

problem is a prerequisite for this phase. 

(v) Evaluation  

 

During this phase, the performance of the artefact is evaluated by observation and measurement 

of how well the artefact supports the problem solution. This is achieved by comparison of the 

objectives of the solution to the actual results from the preceding demonstration phase. The 

evaluation methods can vary depending on the nature of the problem and the artefact. It can 

include a comparison of functionality, qualitative and quantitative measures, or any empirical 

evidence of proof. At the conclusion of this phase, the researcher will be able to decide whether 

to improve the efficiency of the artefact, iterate back starting from phase three or communicate 
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the findings, in which case all further improvements to the artefact are passed to future follow-

up projects. The requirements of this phase include the knowledge of the relevant methods, 

metrics and analysis techniques. 

(vi)  Communication 

 

This phase involves disseminating the knowledge inquired about the “problem and its 

importance, the artefact, its utility and novelty, the rigour of its design, and its effectiveness” 

(Peffers et al., 2007, p. 49). This is communicated to researchers, and if - when it is appropriate, 

to any relevant audiences such as practising professionals. This phase requires knowledge of 

the disciplinary culture. 

Regarding the start in the nominal sequence, this research was initiated as problem-centred, as 

the focus was on creating an instantiation of the solution. Figure 17 presents the six phases of 

the nominal process sequence, and Figure 18 explicates how the phases are adapted to the 

specifics of this research.  

The process began with the definition of the problem and its significance. The main problem 

that this study is solving is the experimental intervention on individual SOP, and this is 

significant because increased SOP offers multiple benefits for a specific place. SOP is 

explicated in detail within the Literature review chapter (see section 2.2) of the thesis. The 

second phase was defining the objectives of the solution. The objectives were aligned to provide 

a tool for an experimental intervention on individual SOP by implementing micro-location AR 

and Gamification at a place. 
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Figure 17 

DSRM Process Phases and Activities for the Nominal Process Sequence 

    

 
 

 

Note: Adopted from Peffers et al. (2007). Copyright © 2007 Taylor and Francis. Reproduced with 

permission from the publisher. 

Figure 18 

DSRM Process Phases and Activities Concerning the Thesis  

    

 

  
Note: Based on Peffers et al. (2007). Copyright © 2007 Taylor and Francis. Reproduced with 

permission from the publisher. 
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SOP was to be measured pre- and post-intervention, and the results would provide an answer 

to the research question. This is discussed in detail in the Methodology chapter of this thesis 

(see section 3.3). The identification of the problem, the definition of the objectives, design and 

development of the artefact, demonstration, and evaluation are all unpacked in this chapter of 

the thesis. The rationale for this approach lies in the importance of DSRM to IS research. The 

execution of the whole DSRM process is not commonly shared in the literature, as the authors 

would prioritise the outcomes at a loss of also presenting the process of achieving those 

outcomes.  

For example, when a software application is built for a research purpose, in most cases, the 

focus would fall on the outcomes of the use of the application and not on the research and 

development. This is why this whole chapter was dedicated to constructing the artefact and 

disseminating its iterative construction design and outcomes. The communication of the 

knowledge inquired was performed through scientific publications and presentations at 

scientific conferences (Vasilevski & Birt, 2019a, 2020, 2021).  

The activities Identify the problem and Define the objectives of the solution are shared between 

all iterations and are only discussed once. On the other hand, the activities Design and 

development and Demonstration and Evaluation, respective to every distinct iteration, are 

unpacked via dedicated sections of this chapter, each building upon the previous one. In the 

next section, the cycle begins with identifying and defining the problem as the first phase of 

DSRM.  
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4.2 THE PROBLEM  

 

 As presented in the Literature review chapter, the problem that emerges is increasing individual 

SOP, which then benefits the place in multiple ways. This increase is to be achieved through 

gamified activity at an indoor/outdoor location as an enhancing service to the place service 

system. As per the literature review, performing gameful location-based activities at a place is 

evidenced predictor of increased SOP. Therefore, this DSRM phase of the research aims 

specifically to address the problem of indoor micro-location gamification and its relation to the 

variability of SOP, as the empirical evidence investigating this space is very scarce.  

After the problem is defined and the previous work is analysed, one needs to define the 

objectives and design of the artefact. The following section presents the definition of the 

objectives for the solution phase of the DSRM process, conceptualising the solution for the 

thesis problem. 
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4.3 DEFINE OBJECTIVES OF A SOLUTION 

 

The purpose of this activity is to define what should the artefact accomplish. The goal of DSRM 

implementation in the thesis is to design and develop a solution capable of enabling, facilitating 

and empowering an experimental intervention and measurement for the individual SOP. Six 

objectives lead to this end.  

− The first objective is to design and develop a solution in the form of a gamified mobile 

application by following the DSRM guidelines, to answer the thesis RQ2.  

− The second objective is to replicate an already established traditional tour service 

through the mobile application.  

− The third objective is that the application must comply with the cultural requirements 

of the indigenous culture and the approved research ethics.  

− The fourth objective is to make the application accessible to a larger public (public 

testing) and easy to use. This objective aims to enhance learning and on-campus 

experiences through activities that normally are not always available or accessible. The 

tour should be available in the users' own time, order and pace within the university 

regulations; the application should, in a unique way, provide engaging interpretations 

of the meaning and the stories behind the paintings. This will be conducted through 

experimental manipulation and measurements before, during and after the tour.  
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− The fifth objective is to disseminate the inquired knowledge, throughout the whole 

process, from the beginning to the final product, in line with the DSRM guidelines.  

− The sixth objective is to deploy the developed solution to investigate and answer the 

RQ1.  

The first five objectives bear the same weight and strive to support realising the sixth and final 

objective of the solution, which is the most vital for the outcome of this research.  

To define the goal and the objectives, the researcher relied on his previous experience in the 

design and development of related software outcomes and research in the field (Vasilevski et 

al., 2018), scaffolded with the opinions of relevant experts in the related fields. Furthermore, to 

reinforce the comprehension of the state of the problem and the existing solutions, a 

comprehensive competitor market analysis was conducted, which further uncovered the 

scarcity of related applicable solutions. Finalising the definition of the objectives concludes this 

phase. The next phase shifts the focus to the design of the solution, which is described in the 

next section. 
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4.4 DESIGN DESCRIPTION  

 

This section describes the conceptualisation of the solution design and the components that are 

shared throughout all iterations. The specifics of the design and the development of this phase 

are not discussed in detail, as these are fully unpacked separately for every iteration. Peffers et 

al. (2007, p. 49) state that “The development of the artefact should be a search process that 

draws from existing theories and knowledge to come up with a solution to a defined problem.” 

With the above in consideration, the next section focuses on the related work previously 

conducted on the subject. 

4.4.1 ANALYSIS OF RELATED WORK  

Prior to this phase, a comprehensive investigation of the extant work was conducted. As the 

research environment was an indigenous artwork exhibition and per the research environment, 

the focus fell on the museum or gallery tour mobile apps. These apps provided individual 

experiences and standalone functionality, meaning that one could take the whole tour or 

exhibition with no human help external to the app. The goal was to identify an already existent 

solution that would meet the research objectives. If there is no such solution, finding similar 

ones that will be used to inform the design and development of the solution. As a broader related 

work on gamified AR micro-location is already presented in the Literature review chapter (see 

section 2.5.4), this section is focused on the investigation of the literature and applications to 

D
is

ci
p

li
n

ar
y
 K

n
o

w
le

d
g

e 

M
et

ri
cs

, 
A

n
al

y
si

s,
 K

n
o

w
le

d
g

e 

H
o

w
 t

o
 K

n
o

w
le

d
g
e 

T
h

eo
ry

 

Identify the 

problem 
 

 

Increase of SOP 
to realise the 

benefits such as 

value increase, 
stewardship and 

interpretation.  

Define 

objectives of a 
solution 

 

Provide means 
of intervention 

on SOP by 

implementing 
GARM-L 
 

Answer the RQ 

 

Design and 

development 

 

 

GARM-L app 
available on both 

iOS and Android 

OS  

 
 

Use the 

constructed 
artefact for the 

purpose of the 

guided tour of 
indigenous 

artworks at Bond 

University 

Evaluation 

 
 

 

Observation, 
Interviews, 

Questionnaires, 

Focus Groups 
 

 
 

 

Publications, 
Presentations, 

Website 

In
fe

re
n

ce
 

1 2 3 4 5 6 



   
 

155 
 

find examples of how GARM-L concepts are brought together into the required types of mobile 

applications.  

In the beginning, the designs of several popular AR-enabled museum apps that integrate audio 

tour guidance were investigated. The two predominant app stores, Apple AppStore and Google 

PlayStore, were explored, looking for the baseline applications. Other app stores were not 

examined due to their unavailability (for example, the Chinese Android store) or because they 

contained the same apps as the main ones (for example, the Amazon app store). Moreover, high 

security and privacy risks prevented the search for other alternative stores. The initial search 

was conducted using the search phrase  

museum AND tour AND guide AND (AR OR augmented OR reality) 

and it returned only 16 apps, from which the most were not in the study-specific context. 

Therefore, the search statement was adapted for a less specific one: 

  museum OR gallery OR exhibition OR tour.  

The search returned 214 apps on Apple AppStore and 242 on Google PlayStore, with the 

majority of the resulting apps being available on both platforms. Moreover, forward and 

backward snowballing was also used, relying on the store information. This method was used 

to find inclusion candidates that might have weight for the analysis and, for some reason, were 

not included in the search result. This resulted in 5 extra apps for AppStore and 7 for PlayStore. 

The apps were evaluated in two rounds. The first round evaluated the store listings to narrow 

down the selection to the relevant apps. To determine the relevant apps in the first round, an 

extensive scanning of the apps’ information, screenshots, and the store listings description was 

conducted. Four inclusion criteria were followed based on the requirements of the solution and 

its objectives. These were derived as per the International Standards Organization’s (ISO) 
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usability definition. ISO defines the usability of a mobile application as the degree to “which a 

mobile application can be used by specified users to achieve specified goals with effectiveness, 

efficiency, and satisfaction in a specified context of use” (Hoehle et al., 2016, p. 36). 

The first inclusion criterion was the cost. Because the paid apps did not offer the required 

efficiency and/or design patterns that would discern them from the free ones (evident from the 

store’s screenshots and information), these were excluded. The second inclusion criterion was 

the app novelty (clones). Repeated apps by the same developer implementing very similar 

designs and features, also evident in the store listings, were excluded. The third inclusion 

criterion was the relevancy of the apps. All apps that were not in the research context, and thus 

the solution, were excluded. The fourth criterion was the implementation of artwork 

presentation concerning the availability of information about the exhibits available in the app. 

The apps that did not offer information by exhibit item were excluded. After filtering the initial 

list, a total of 88 apps that satisfied the above inclusion criteria were selected (see Appendix 4 

section 8.4) (Table 54). The app stores were last searched on 08th October 2018.  

Following the first round of selection, the second round evaluated the resulting apps from the 

first round as on-device user experience. For the second round of evaluation, the selected 88 

apps were downloaded, installed and evaluated on the mobile test devices, both an Apple iPhone 

X and Samsung Galaxy S8 smartphones. It must be stressed that none of the apps was used in 

situ and was only tested in simulated environments. For example, for testing the AR capability 

of an app, downloaded photos of the implemented paintings were used as targets. Furthermore, 

for some apps that relied on GPS, a fake location had to be implemented to unlock the app use 

(fake location was available only on Android).  

During the testing on the devices, 28 apps were excluded for the following reasons: 8 were 

unable to test, 18 were not in context, and 2 were clones of other already included apps. The 
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final count was narrowed down to 60 included apps. The researcher tested the apps by following 

the methodology described below. To test the apps’ perceived usability (not in situ), first, the 

usability questionnaire from Hoehle et al. (2016) regarding mobile app interfaces was adopted 

as a set of ten primary criteria concerning the mobile app user interface (see Table 12). All ten 

criteria were evaluated for all 60 apps individually, on a 5 points scale from depicting the level 

of quality of the implementation of the criterion.  

Table 12  

Ten Usability Criteria Used to Evaluate Related Works  

Criteria Explanation 

Aesthetic graphics The mobile app’s artwork is beautiful and uses rich, beautiful, engaging 

graphics and good design. 

Colour The mobile app has appropriate and great colours and does not misuse them 

Control obviousness The mobile app controls are intuitive and obvious, making the main function 

immediately obvious. 

Entry point The mobile app can be started or accessed in multiple ways (icon, menu). 

Fingertip-size 

controls 

The mobile app uses fingertip-sized controls and buttons. 

Font The mobile app uses a good font and font size. 

Gestalt The mobile app uses similar shapes for identical objects, and the similar 

things and ones that belong together are grouped. 

Hierarchy The mobile app uses a clear hierarchy and structure and employs headings. 

Subtle animation The mobile app uses animations effectively and appropriately to 

communicate the content. 

Transition The mobile app transitions smoothly from one view to another with 

feedback.  

Note: Extracted from Hoehle et al. (2016). 

Second, Venkatesh and Davis (2000) TAM2 Technology Acceptance Model was used to 

evaluate the perceived usefulness of the apps in terms of how helpful, useful and effective the 

app could be for the purposes of the tour. TAM2 was chosen as it fits with the then mobile 

usability criteria presented above. This was adapted to the Usefulness criterion, which explored 

the statement, “The mobile app is useful and effective and would make it easier for me to do 
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the tour.” This criterion was also evaluated on a 5-points scale depicting the level of the 

perceived usefulness for the purposes of the app.  

Other criteria concerning the specificity of the solution were also evaluated and are explicated 

below. The audio quality was evaluated regarding the quality of the audio recording and the 

immersive effects of music, sound effects, and native language. The audio quality was evaluated 

on a scale from zero to five, with zero denoting no audio implemented and five denoting fully 

immersive high-quality audio. To evaluate the audio, the methodology used by Paterson et al. 

(2010) was applied by looking at these four aspects: the creation of presence, interactivity, 

creation of emotional atmosphere and immersion. The gamification component was also 

evaluated as implemented or unavailable, or 5 and 0, respectively. The gamification evaluation 

is dichotomous due to the inability to test the gamification component of the apps. 

For the same reason, the use of beacons was also evaluated as implemented or unavailable, as 

5 or 0, respectively. Gamification, augmented reality, and beacons receive a score of 5 for the 

implementation because these are the key components that this thesis is exploring, and this way, 

they would carry more weight in the evaluation. The same reasoning was applied to the number 

of ways through which the information about the exhibit was conveyed was also evaluated. 

Therefore, concerning the audio, text, video, and 3d. This was evaluated on a scale from 0 to 3, 

with 1 denoting a single medium, 2 denoting two and 3 denoting three or more media. All the 

criteria scores were summarised to represent the fit of the app in informing the design of the 

solution. The maximum available score was 71.  

Even though the score was a major factor, it was not the decisive one. The following factors 

were not evaluated on a scale due to the limitations of the evaluation discussed above and are 

considered heuristics. These heuristics reflected the use of a specific design pattern or feature 

and how effectively and efficiently it was implemented. Examples of these heuristics are the 
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way the tour was offered, guided and executed; the popularity of the app on the app stores and 

the number of reviews and the scores; and the type of the exhibits, such as paintings, sculptures 

or any kind of objects.  

For instance, some of the high scoring apps had a very confusing way of tour guidance, and 

some were not within the scope of the research by exploring large open areas, like a city block 

or a mountain trail (see section 6.2). The results of this evaluation are presented in Appendix 4, 

section 8.4. 

The results showed that the designs of all the apps were different, and the approach relied on 

the primary purpose of the app. The main views of the apps were also different, varying from a 

piece of information about the museum and news in the Australian Museum app to the gallery 

of the exhibits on display in the Louvre Guide app. The apps' colour themes also varied, with 

27 having a dark and 33 with a light colour theme, with no options to customise. All apps had 

implemented a map of the place with the floor plans. All the apps also implemented audio 

narration and a gallery (list) view that presented the items in the tour with an option to get more 

information on tap on the listed item. The AR component was implemented in seven of the apps, 

and the gamification was present in five, in the form of a treasure hunt (Australian Museum app) 

and quiz (Dali Museum app). The average score on the Apple AppStore was 3.06, with an 

average of 8.33 reviews per app.  

Regarding the exhibit's type, two were sculptures, eight were paintings, four were mixed 

sculptures and paintings, and ten were various objects, from buildings and boats to tools and 

clothes. The multilanguage score average was 1.5 out of 3, showing that most apps implemented 

more than two languages. Similarly, the presentation type score was greater than 1.5 of 3, 

suggesting that most apps implemented more than two types of presentation of the exhibits. 

Eight apps implemented iBeacon technology for tour guidance and assisting with the exhibit 
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selection. Only two of the beacon implementations used gamification. However, this 

gamification use was in no way related to the use of beacons.  

The Pareto principle was applied to the scores to determine the lower cut for the inclusion of 

the most representative cases. This principle, already recognised in software engineering 

practice, states that approximately 80% of the effects come from 20% of the causes (Kiremire, 

2011). Therefore, a total of six apps that scored within the top 20%, with a score greater than 

56.8, were included. These apps implemented tour guidance, location awareness, and voice 

narration. These six apps also implemented design patterns that could be potentially applicable 

to developing the solution for the identified problem. The apps were the following: (i) Louvre 

Guide (www.museumtourguides.com/home/), (ii) The O (https://mona.net.au/museum/the-o), 

(iii) Palace (https://en.chateauversailles.fr/discover/resources/palace-versailles-application), 

(iv) Australian museum (https://australianmuseum.net.au/visit/mobile-apps/), (v) and Dali 

Museum (https://thedali.org/visit/apps/). Example screenshots of five of these apps are 

presented below (see Figure 19). 

Figure 19 

View Shots of the Five Selected Apps*  

 

* From left to right: Louvre Guide, The O, Palace, Australian Museum and Dali Museum. 

http://www.museumtourguides.com/home/
https://mona.net.au/museum/the-o
https://en.chateauversailles.fr/discover/resources/palace-versailles-application
https://australianmuseum.net.au/visit/mobile-apps/
https://thedali.org/visit/apps/
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All these results would play a major role in informing the conceptualisation and the initial 

designs of the artefact discussed in the sections below. This analysis considers the design of the 

interface and the AR component due to the results lacking gamified iBeacon implementations. 

Therefore the Vasilevski et al. (2018) study, which analysed the gamified micro-location 

implementations, was used as a basis to conceptualise the gamification component also 

discussed later in this chapter.  

Sense of place was not explored above because the apps were not used in situ. Nonetheless, per 

the Literature review discussion in section (see section 2.2), increasing Sense of place can 

enable many benefits for the place service system. Location-based gaming and gamification are 

already explored and recognised as effective at positively influencing the development of SOP. 

Therefore, if the increasing Sense of place is considered a problem, then a solution might be 

found within engaging and fun applications. Gamification has been massively deployed in 

location-based contexts, in most cases related to shopping experiences, fitness and health 

applications, education and the tourist industry. Moreover, with the almost full proliferation of 

mobile devices, these are proving to be the key platform for the development of these 

applications  

Behavioural motivation theories are also discussed in the literature review. Even though these 

do not provide a holistic answer to the design of gaming experiences, the usefulness of 

motivation theories is indisputable. These will also be used to inform the design of the 

gamification component of the solution, which is evident in the methodology framework (see 

Figure 10).  

In conclusion, many apps implement place guidance in relation to exhibitions at a place, being 

a museum, gallery, city block or a whole city. Micro-location sees an upward trend in the indoor 

implementations, beacons and AR as guidance components or experience-enhancing services. 
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However, combining all these technologies intertwined and working together in the same 

context is yet to be developed. Moreover, since, to the author's knowledge, no evidence was 

discovered on how gamification and micro-location could come together concerning SOP, this 

research would be a pioneering approach in that context.  

The above analysis of related works was used to inform the design and development of the 

solution. While the development part is presented later in the dedicated iterations’ sections, the 

next section focuses on the solution's design.  

4.4.2 DESIGN OF THE SOLUTION 

 
 

This DSRM phase uses the design-based approach to design the artefacts. To achieve the 

objectives and provide a solution to the research problem, THREE distinct artefacts were 

proposed. Two of the three artefacts were model artefacts, and these were in the form of 

frameworks (models). The third artefact was an instantiation of those models in the form of a 

mobile application. This artefact would be used to explore the impact of gamification 

implementation on the players’ SOP. In further reading, the third artefact will be referred to as 

“artefact”. The first of the model artefacts was a model of an information system that provides 

a solid base for the solution development (Figure 20). 

As already presented in the literature review (see section 2.5.3), gamification and AR 

technology can influence the user’s SOP. Moreover, in conjunction with AR as a micro-location 
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component, beacons can be considered an enhancing service that enhances the learning, 

navigation and interaction aspects of the experience. The Gamification component can also be 

considered as enhancing service, and it uses the gamification affordances to increase 

engagement and joy of the experience. As presented in the figure, the micro-location component 

of this IS artefact could operate independently. In contrast, the gamification component is 

dependent on the micro-location, which acts as its enabler and facilitator. Nonetheless, both 

services enhance the core service, the indigenous artwork tour in university settings, digitally 

replicated on a mobile device.  

Figure 20 

An Abstract Model of the Information System as a Service Package Model  

 

The literature review, combined with multiple observations of how the traditional artworks tour 

was executed and the above examination of the previous works in the scope, led to clearly 

defined steps, rules and logical decisions. This resulted in the second model artefact (see Figure 

21). This artefact is an operational model in the form of a logic flowchart of the digital version 

of the tour. A simplified version of this artefact is presented in Figure 21. The nominal use 

University place as service system 

 CORRIGAN WALK TOUR (digital) 
as service package 

iBeacon AR micro-location 
system as enhancing service 

A Faculty Building 

Artworks Tour 
as core service 

Gamification system 
as enhancing service 
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sequence is as follows; After the application is started, the Main User Interface (UI) will be 

presented, and links to AR and other available features will be accessible.  

The button to the AR component would activate the AR component and target acquisition. If 

an AR target is acquired, the 3D overlay will be shown on the screen, anchored to the painting 

in the real world. The player is expected to listen to the narration and then infer a hidden feature 

on the painting and where it might be located on the canvas. A tap on the smartphone screen 

over a transparent interactive area of the hidden feature will unlock the gamification element. 

Then, the hidden feature will become visible on the screen, indicating the discovery of the 

feature. This artefact will be discussed later (see section 4.5), and any update to the artefact in 

the respective subsequent iteration section.  

Figure 21 

Execution Model Flow Chart of the Digital Tour Replica of the Indigenous Artworks Tour 

 

 

As an instantiation, the third artefact is a gamified augmented reality micro-location mobile 

application that will be developed from the ground up, considering the gamification component. 

This is the preferred approach when designing a gamified application, as it has to be available 

for testing as soon as possible in the development process (Werbach & Hunter, 2012) to evolve 
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and adapt to the needs of the players and service providers. Therefore, the design and 

development of this artefact are discussed throughout the iterations, and it starts in the next 

section, where the gamification component is conceptualised.  

3.1.1.1 GAMIFICATION COMPONENT  

Before gamifying a service, it is crucial to be aware of the existing frameworks and methods 

and their characteristics. There are many frameworks that one can follow undertaking to 

successfully implement gamification for meeting the objectives (Mora et al., 2015; 

Morschheuser et al., 2018). By closely examining extant frameworks, the design of the solution 

that follows the DSRM of the gamified software design process framework, also known as the 

6D framework by Werbach and Hunter (2012), was selected as the most suitable one. The 

rationale is that; First, it embodies all the features required for this study, such as On-boarding 

Rules, Measurement, Psychology, Ethics (implicitly), Interaction, UI/UX and Technology. It 

also meets most of the requirements for the gamification process, some of them critical for this 

study, such as following an iterative design process and considering legal and ethical constraints 

in the design phase (Morschheuser et al., 2018). Second, this framework can be considered as 

a method that incorporates many of the features of the other frameworks and knowledge. Finally, 

even though the 6D framework does not implicitly follow DSRM, the framework embodies 

DSRM principles at its core. It applies most of the design science principles, which aligns with 

the methodology used in this phase of the study. The framework was updated with the missing 

principles identified by Morschheuser et al. (2018) and the phases of the DSRM, and it was not 

modified in any other way. Therefore, the phases of the Werbach and Hunter (2012) framework 

used in this study completely aligned with the DSRM (Hevner et al., 2004) and the Gamification 

framework (Morschheuser et al., 2018) and were merged entirely with the DSRM phases. Table 

13 provides a comparison between DSRM, original 6Ds’ and Gamification frameworks. In the 

original 6D framework and Gamification Framework, identifying the problem is not a phase in 
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itself and is merged with the project preparation, as the problem is the successful gamification 

implementation.  

Table 13 

Comparison Between the DSRM Phases, Gamification frameworks and 6D Framework  

Activity 

DSRM  

(Peffers et al., 2007) 

Gamification frameworks 

(Morschheuser et al., 2018) 

6D framework  

(Werbach & Hunter, 2012) 

1 Identify the problem - - 

2 Define objectives of a 

solution 

Project preparation 

Analysis of context and users 

Define objectives 

Delineate target behaviours 

and metrics, 

Describe your players, 

3 Design and 

development 

Ideation 

Design 

Devise activity cycles, 

Don’t forget the fun 

4 Demonstration Implementation of design Deploy the appropriate tools 

5 Evaluation Evaluation, 

Monitoring 

Evaluation 

6 Communication - - 

Note: Comparison of DSRM Phases (Peffers et al., 2007), Gamification phases derived from the 

gamification literature (Morschheuser et al., 2018) and the phases for the development of a gamified 

solution found in Werbach and Hunter (2012). 

Define objectives of a solution, Design and development, Demonstration, and Evaluation 

phases can be aligned with corresponding phases proposed in Gamification Framework and the 

steps in the 6D framework. In addition, the Gamification framework proposes an extra phase 

after the evaluation, which is the Monitoring phase, to keep the solution updated and operational 

after the development process is complete. This is an industry best practice as software 

maintenance is by far the largest part of the software lifecycle (Bourque & Fairley, 2014). 

However, due to the nature of the research, this is out of the scope of this thesis and would 

depend if the institution would adopt the app in its service system. 
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Define objectives of a solution phase in DSRM corresponds to three phases in the 6D framework. 

Besides the objectives, the focus falls on the behaviours, metrics and deep knowledge of the 

players. This completely aligns with the Gamification framework; The Design and development 

phase adopts the development of activity cycles to engage the players and the importance of 

“fun”. The demonstration phase from DSRM or the gamification perspective, takes a pragmatic 

stance in deploying the appropriate tools for enhancing the service. The evaluation phase from 

the gamification perspective focuses on the performance of the gamification component in 

meeting the objectives. Finally, the communication phase is not implemented explicitly, which 

is most likely since the target user of the framework is the business community and not 

academia. 

Nevertheless, with the naming aside, most of the DSRM phases correspond to the 6D 

framework, supported by the Gamification framework. This is all in line with the proposed 

methodology used in the thesis. The 6D framework would be used exclusively to develop and 

implement the gamification component (see section 4.7.1). However, the core and the AR 

components were designed, developed and adapted to support the gamification component from 

their inception. 

Seven of the eleven design principles (DP) found across gamification frameworks 

(Morschheuser et al., 2018) are identified in the Werbach and Hunter (2012) framework. These 

principles are to be followed as best practices for developing gamification solutions to increase 

the quality, sustainability and success of the solution. All seven principles were implemented 

in the development of this study solution. These DP are the following: 

DP 1. Test gamification design ideas as early as possible. Testing gamification implementation 

as sooner as possible in the development cycle is recommended. This principle is crucial to 
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determine the appropriateness of the design for the users and the usage scenarios. This is also 

to determine if changes are needed before larger investments are undertaken. 

DP 2. Follow an iterative design process. The iterative process of gamification development 

allows for agility and addresses and corrects the design issues in a relatively quick fashion. This 

continuous monitoring and optimisation of the UX and the project itself is a prerequisite for 

sustainability and long-term success. Iteration is the core of contemporary agile design and 

development methods (Conboy et al., 2015; Marques et al., 2018). 

DP 3. Assess if gamification is the right choice to achieve the objectives. Before developing a 

gamified solution, an assessment of the fit of gamification as a solution to the problem should 

be performed. This is because some problems might not be solvable with a gamified 

implementation, even though some gamification experts will not agree with this notion, arguing 

that it is the designer's creativity that limits the solution options. (Morschheuser et al., 2018). 

DP 4. Focus on user needs during the design (ideation) phase. Developers should focus on the 

user needs during the Define objectives of a solution and Design and development phases. The 

business’s and organisation’s needs should come second as frequently there is a discrepancy 

between user’s and organisational needs. It should be stressed that it is the user that needs to be 

motivated, and focusing on the business goals does not mean fulfilling the user goals.  

DP 5. Define and use metrics for the evaluation and monitoring of the success, as well as the 

psychological and behavioural effects of a gamification approach. Metrics are defined at the 

beginning of the development process and used to evaluate the success of the implementation 

in the development cycle. Metrics should provide clear evaluation and monitoring of the 

gamification effects, which subsequently will lead to adjustments in the MDA implementation. 

For instance, the balance of the game mechanics or prevention of detrimental behaviours like 
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cheating. Metrics should also provide a measure of the success of the implementation regarding 

the set of objectives. As is the case with this research, the developers have to plan with small 

budgets and short deadlines for the gamified implementation, which often results in retaining 

the focus on the design and development phase. The result of this is a minimum viable product, 

which might not be up to the intended objectives. Thus, the metrics must also be used in the 

Demonstration and Evaluation phases and even in the maintenance phase of the software 

development cycle. This will ensure the gamification features are performing appropriately and 

highlight any need for adjustments, upgrades, or new features necessary to sustain the gamified 

system. 

DP 6. Control for cheating / gaming-the-system. Cheating and curbing prevention is very 

important because it can lead to disengagement and the opposite effect of the intended one. 

However, it is also possible that these behaviours could be used to understand the users better 

and adapt the gamification implementation correspondingly. 

DP 7. Consider legal and ethical constraints in the design phase. Ethical, privacy and security 

aspects are paramount, and these should be considered as early in the design process as possible. 

These constraints should consistently be enforced, and the users always kept informed of any 

changes in the privacy or the legal aspects. For example, many gamification implementations 

use location-based data and social network data, which should always be stored safely or 

destroyed after use, and users are made aware of the use of their data. 

DP 8. Metrics should be identified at the start of the engineering process. The metrics should 

be used to evaluate the gamified system performance. Having clear metrics is essential to assess 

the effects of gamification features and discover any required adjustments in the game 

mechanics, for example, to balance the difficulty with the challenge or prevent cheating. 
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Moreover, metrics are key in evaluating the success of the gamification features concerning the 

set objectives.  

“Gamification requires fusion of art and sciences” (Werbach & Hunter, 2012). The emotional 

side of it contains concepts such as fun, play and UX. On the engineering side, it relates to a 

measurable and sustainable system and meets the business or service objectives. Balancing 

these two sides is a challenging task, specifically if it relies on the type of the person, being that 

they are artistic or more of a logical type.  

Design discipline endeavours to bridge this gap. Based on research and a part of the design 

thinking, the design process can provide solutions that consider the dimensions of gamification 

by matching the needs of the people, technical achievability, and business viability. Based on 

this perspective, Werbach and Hunter (2012) framework offers six steps or the 6Ds of the game 

design process, and to reiterate, these are: Define objectives, Delineate target behaviours and 

metrics, Describe your players, Devise activity cycles, Don’t forget the fun and Deploy the 

appropriate tools. 

In the first, Define objectives step, the specific performance objectives of using gamification 

are being set, such as customer retention, increasing the employees' productivity, or building 

loyalty and awareness of the brand. This list should be constantly updated and revisited during 

the whole development cycle. However, major changes in the objectives will probably lead to 

major design changes. In the case of this research, gamification will be implemented in an 

attitude (psychological) context. The aim is to meet the objectives already defined above (see 

section 4.3) as being applied as an enhancement to an AR narrated mobile tour guide app. 

Delineate target behaviours, and metrics step focuses on what are the players expected to do 

and how is that measured. There have to be multiple targeted behaviours, and these should be 
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clear and specific, providing the players with multiple options. The metrics are employed to 

translate the behaviours into quantifiable results. For instance, points can be used to track the 

progress and “win states” can be introduced to break the monotony and introduce challenges. 

Analytics can also be a great tool to measure key performance factors.  

The main target behaviour that this research focuses on is for the tour participants to engage 

more with the paintings and experience joyful activity that could lead to a positive increase in 

SOP. The data were collected before, during and after the tour, providing metrics for 

behavioural analysis. These include the number of features found, the system's perceived 

usability, and the variation in SOP. 

Describe your players or “painting the picture” of the target user is the third step in the process. 

One should in-depth understand the characteristics of the targeted population, such as the age, 

background, the role they play within the system (users, employees), what keeps them 

motivated or demotivates them, or their level of experience with the system. Targeting multiple 

populations can be achieved by segmentation and adapting the system’s difficulty and 

challenges. For example, this is observable as the player progresses from novice to an 

experienced user, thus changing their population group. 

The target population in this study are the students at a university at all levels. Because the tour 

is a one-time activity, all the players are considered to be new to the system. Through meetings 

with students, the researcher has defined the general profile of the user-player as a person aged 

18-35, either male or female, with some level of awareness about indigenous artworks in 

general. They have at least minimal interest in playing games and have basic to advanced 

experience with technology and mobile applications. Due to their high workload, they do not 

have much time available to take the traditional tour, and they prefer to take the tour at their 

own time and pace. Since the players are peers, cooperation and competition mechanics were 
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also expected to emerge, even though not explicitly implemented in the system due the ethical 

considerations. The players would like to feel they are in charge of their choices. Therefore, the 

possibility to take the tour in their order and pace is vital to induce a sense of autonomy and 

mastery.  

Devise activity cycles is the fourth step of the 6D’s. All games have a beginning, some have an 

ending, and some continue “forever”. Either way, games are non-linear experiences as they 

operate through branching trees and a series of loops.  

Engagement (feedback) loops should be created to iterate through the players’ motivation to 

perform actions, consequently providing them with meaningful feedback, which would 

motivate the player to perform further actions, resulting in feedback (see Figure 22). Activity 

cycles, a concept well known from the social networks, are the best way to action a gamified 

system.  

Figure 22 

Engagement Loop Cycle 

 

Note: Adopted from Werbach and Hunter (2012). Copyright © 2012 Wharton School Press. 

Reproduced with permission from the publisher. 

 
Motivation 

 
Feedback 

 
Activity 
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A user action can provoke some other activity, leading to other user actions and so on. In this 

thesis case, all players would get feedback in real-time via a dedicated view in the app regarding 

their progress in the tour and the found features. The players will be able to see the effects of 

their actions immediately available on multiple app UI views. The goal is to motivate players 

to engage with the content. In addition, the points-like collectable features would make players 

progress the tour and receive the completion badges and a title. By designing the gamification 

service this way, the players would be kept engaged and interested, which would also support 

the completion of the tour.  

The fifth step is, Don’t forget the fun. Werbach and Hunter (2012) recommend that as a final 

step before implementing gamification, one should take a step back and ask: Is it fun? Designing 

complex systems or systems based on complex systems such as gamification is difficult. 

Attempting to get all the players’ intricacies, motivation theories, technologies, rules and goals 

to come together in a gamified service often leads to disregarding a major aspect of gamification, 

the fun. If the implementation is perceived as fun, players are most likely to come back and 

play again. If the system is not appealing to potential players without extrinsic motivation, it 

should be reimagined to make it more fun. The type of fun should depend on the context. Albeit, 

the fun use should be flexible, adapting to hard, challenge-seeking players and the “easy” fun 

players that enjoy less challenging activities. Fun is very hard to pin down and requires 

extensive testing and adaptation. A social component can play a major role in keeping the 

activity fun, and affordances embodying social factors, such as rankings and publicly available 

visualisation of the individual achievements, should be preferred given the actual context 

(Morschheuser et al., 2017a). Due to the ethical limitations and cultural awareness (see section 

6.2), social affordances and multiuser components were not implemented in this research. 

However, the system was designed to evolve the difficulty to match the players’ level of 

mastery and keep the players in the “fun zone”. The interaction with the paintings in AR through 
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the mobile device screen should result in a fun activity, providing the challenge of being tap-

precise to find the hidden feature on the painting. The initial testing supported this approach.  

Deploy the appropriate tools is the implementation stage of a gamified system. This step is 

where all the previous steps come together in a gamified experience, and the appropriate 

mechanics, affordances, and components are selected and coded into the software. This step is 

detailed in the Third iteration section (see Section 4.7), breaking down and exploring the 

gamification system used to enhance the mobile app.  

3.1.1.2 AR COMPONENT 

The second iteration of the solution is when the focus shifted to the AR component (see Section 

4.6.1.1) and is discussed in detail in that section. This was due to the complexity of developing 

an artefact that will be a high-quality outcome. Moreover, by using design affordances and no-

frustration UX, it would not have any significant effect on users’ SOP. The first iteration 

embodied a functional AR component, only implementing the minimum functionality to test 

the flow and target recognition capabilities.  

The AR component, developed in the Unity engine as a multiplatform development kit, can be 

deployed on both iOS and Android OS platforms with identical functionality and aesthetics on 

both. The AR component relies on target recognition by the Vuforia AR plugin for Unity, 

specifically, Vuforia single image targets. A unique API key is required to use the engine in the 

Unity Editor Inspector window. The Vuforia AR image targets would be the indigenous 

paintings from the real-world tour. The targets were created by uploading hi-resolution photos 

of the paintings on the Vuforia developer’s website, where the primary features were identified 

for augmentation and imported as an image target database in Unity. 
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It should be noted that while the design and planning outcomes and presented theoretical 

guidelines were followed as closely as possible, the final implementation of AR, as well as 

gamification components, came out similar yet different from what was initially planned. These 

evolved through the testing and were gradually updated, tweaking the performance and adding 

or removing features, which is the expected track by following DSRM. The further chapters 

present this evolution in detail, even though some of these adjustments might not be explicitly 

described.  

Lastly, the third artefact is an instantiation of the two model artefacts (the general IS and the 

algorithm that verifies when the painting is scanned and the user finds the feature). To restrict 

the target audience, thus simplifying the research process, it was opted to implement this 

instantiation only for students since they are the population that spends most of the time in 

contact with the artworks and probably the ones that need to learn the most about it. Moreover, 

because students spend a significant portion of their time on campus, it was more accessible for 

the researcher to recruit, meet and gather feedback.  

Because the artefacts evolved throughout the iterations, this evolution will be presented and 

explicitly detailed for every iteration in the following four major sections. Each iteration section 

relates to one of the iterations building upon the previous and focusing on three phases of the 

DSRM process: 3 - Design and development, 4 - Demonstration and 5 - Evaluation process 

(Peffers et al., 2007), with the next section unpacking the initial iteration. 
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4.5 FIRST ITERATION  

This section presents the first iteration (I1), which was a problem centred iteration as it builds 

upon the problem identification step and definition of the objectives step of DSRM. The specific 

processes of the first iteration and some general aspects that would be repeated in the 

consecutive iterations are also presented. The section follows the steps of the DSRM process, 

continuing with the IS design and development, followed by the demonstration and presentation 

of the results. Finally, the evaluation framework, the evaluation process, and the evaluation 

results are presented and discussed. In continuation to the above general design discussion, the 

following section unwraps the specifics of the design and the development aspects of the first 

version of the artefact. 

4.5.1 FIRST ITERATION DESIGN AND DEVELOPMENT  

 

This DSRM activity followed activity two: Define the objectives of a solution. The beginning 

of this phase was signified by the initial ideas and conceptualisations designed to achieve the 

objectives defined in phase two. Subsequently, these initial designs, functionality and ideas 

were presented at meetings with selected experts and stakeholders from the university, together 

with the objectives of the solution. After receiving the institutional and the ethics committee 

approval to start with the project, preliminary experimentation and development took place. 
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4.5.1.1 PRELIMINARY TESTING  

Before developing the first prototypes, preliminary and informal testing was performed on the 

technologies and methods planned for use and implementation. These included the Unity 

Engine v2019.3, Vuforia augmented reality plugin v8.0.1, iBeacon technology and mobile 

devices. 

The focus of the testing of the Unity Engine fell on the multiplatform development option and 

the user interface. Since the research and development team already had extensive experience 

with Unity, this testing only took several days. The time was mainly used on the setup and 

optimisations of the settings required for the target platforms, culminating with a successful 

installation and run of the sample applications developed for that purpose. One of these test 

applications was in the form of a simple to-do list which proved challenging to optimise for 

mobile devices. The main issue was the low framerate, as low as 12FPS and the not-smooth 

scrolling of the list items view. After the performance profiling, optimisations were carried out. 

These adjustments within the unity player and quality settings, such as fixing the refresh rate to 

60Hz and placing multiple interface canvases within a parent canvas, dramatically decrease the 

number of rendering batches. 

Furthermore, the use of the Text Mesh Pro plugin and texture atlases for the images also helped 

the performance increase. Many other minor generic tweaks and optimisations that were used 

can be accessed via the Unity documentation and developer forums’ webpages 

(docs.unity3d.com). However, the major takeaway is that there are no right or wrong rules when 

it comes down to optimisation. Many of the optimisations found on the online forums that 

worked for other developers did not work or even worsened the outcomes in this case. Therefore, 

the recommended way to optimise is to properly use the profiling and debugging tools on 

disposal to discover and fix the unwanted performance bottlenecks.  

https://docs.unity3d.com/
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The AR component was tested through the Vuforia Unity plugin, which was imported and 

applied as a simple 2D AR target object recognition scene. This application was also built and 

installed on both mobile platforms. The app used 3D models such as rotating planet Earth or a 

supercar on the screen after recognising the AR target (see Figure 23). The 3D models were of 

high quality and large polygon count with particle effects to test the mobile devices' limits and 

capabilities on hand and establish a baseline for the actual implementation. In a similar fashion, 

to test the augmentability of the indigenous artworks, several targets of indigenous paintings 

were uploaded to the Vuforia website online AR target creator tool with mixed results, which 

depended on the complexity and asymmetry of the shapes on the paintings. 

Figure 23 

An Example of One of the 3D Models Representing Rotating Planet Earth Used for Vuforia Unity 

Plugin Testing in Unity 2018.1 

 

The beacons were tested in a lab as well as in the field. The beacons used were manufactured 

by the Chinese manufacturer AprilBrother (aprbrother.com), Inc, one of the leading suppliers 

of beacons worldwide. The testing was done with the AprilBeacon proprietary app and several 

https://aprbrother.com/en/index.htm
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built prototype applications for that purpose (see Figure 24). This testing aimed to assess the 

feasibility of the implementation of the beacons as a context provider to the user device. For 

instance, if the user is close enough to the painting, it would prime the app for AR scanning, 

audio narration and search for the hidden feature of that specific painting, and provide the 

location with high granularity. The hidden feature was planned to be discovered by bringing 

the device close enough to the specific painting’s beacon, which would have then unlocked the 

hidden feature in the app. This beacon would have been positioned on the wall directly behind 

the hidden feature of the painting, and this method would not rely on AR capabilities. However, 

the testing showed that, first, the beacon proximity detection was not responsive enough to 

provide a satisfactory response (on >200ms frequency). Second, there was a risk of the users 

damaging the painting with their devices when trying to bring their mobile devices close enough 

to the feature on the painting. This resulted in considering an on-screen tap to discover the 

hidden features in AR mode. The micro-location aspect was also tested. While this approach 

proved to be working in the researcher’s previous studies (Vasilevski et al., 2018), the 

implementation in this instance did not provide the expected results. The main issue was the 

proximity of the beacons to each other as placed behind the paintings. This was also tested with 

multiple beacons per painting which improved the detection speed and proximity. Nonetheless, 

these improvements were not substantial enough to justify the increase of expenses to reliability 

ratio in this use case. Overall, the system was not providing the required granularity because it 

could not reliably calculate the proximity to the paintings fast enough. A wrong painting was 

identified in approximately 10% of the tests. Therefore, it was decided to postpone the iBeacon 

technology testing to after the planned acquisition of a larger quantity of beacons. This testing 

is discussed later within this iteration (see section 4.5.3.5). 
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Figure 24 

Beacons Testing 

   

Note: From left to right, AprilBrother beacon, AprilBeacon app with several beacons, beacon and the 

app settings for the beacon. 

Preliminary testing of the GPS to evaluate the accuracy of the technology inside the building 

was also performed. The GPS was completely unusable for indoor applications, as it was highly 

unreliable and inconsistent. On the other hand, the beacons offered better performance and 

precision in locating the user in the space. The GPS was extensively tested again within the 

third iteration of the app (see section 4.7.1). 

4.5.1.2 INITIAL DEVELOPMENT AND USABILITY TESTING 

Several prototypes were built following the initial experiments and examining the design and 

content of the selected apps from the analysis of the mobile apps and the initial interviews with 

experts. The prototypes were tested and selectively updated, evolving in a pre-alpha build of 

the app. The pre-alpha builds were also interactively tested and updated. The goal of the testing 

was to validate the usability of the pre-alpha builds and in line with the DSR methodology to 

establish the baselines for usability and artefact’s holistic evaluation baseline and usability 

testing baseline. The research and development team conducted internal evaluation simulations 
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of the pre-alpha versions of the app, from v0.2 to v0.8, to validate the stability and the nominal 

use case (see Figure 25).  

Figure 25 

Menu Screen Evolution 

    

Note: From left to right, app v0.2, v0.5, v0.8, v1. 

This development step also included the discovery of potential user errors and the ways to 

prevent them. The application environment was simulated in a lab (see Figure 26), where most 

of the paintings in the form of printouts were available for scanning, and several beacons were 

used for measurements. This testing was performed by using both mobile development 

platforms on iOS and Android devices. On the iOS platform side, the devices list included 

iPhone SE, X, and iPhone 8 Plus, and on the Android side, Samsung Galaxy S6, S7 and S8. 

The app versions to v0.5 were also tested on iPads and Android tablet devices. Tablet testing 

was later discontinued (from v0.6) because of the potential introduction of unnecessary variance 

in the Sense of place data inquiry methodology. This was due to the different form factors, type 

of interaction and the tablet UX as a whole. 
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The version v0.8 build 23, being stable, performing as expected on both platforms and 

optimising for the experience, was promoted to app v1 alpha build. This build included a fully 

functional user interface and application logic flow. Only six of the total 35 paintings that were 

included in the traditional tour were chosen due to their availability. 

Figure 26 

Usability Testing of App v0.8 in a Simulated Environment  

  

Note: Before the target was scanned on the left, and after the target was scanned and recognised on the 

right.  

Then, high-quality photos of the paintings were uploaded to the Vuforia target manager tool on 

their developer’s website. After the AR targets were generated, a library containing the targets 

was imported into the Unity project. The AR capabilities were kept to the testing minimum 

because the focus of the app v1 builds was on the app flow and nominal user case. The AR 

component was enhanced and extensively tested again within the second iteration of the app 

(see section 4.6.1.1). The following section explores app v1 in detail. 
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4.5.1.3 APP V1 

The app v1 build alpha release was the result of the initial testing and development. It was the 

first testable instantiation of the artefact. The app v1 consisted of the following views: Main, 

Tour, Gallery, Artwork Info, Map, AR, Badges, and About. The wireframes of Main, Gallery, 

Artwork Info, and AR are presented in Figure 27. The reader should note that indigenous culture 

experts approved the design of the app as culturally appropriate.  

The app colour scheme used a black background with white accents, icons and typography. The 

buttons on the Main view were positioned asymmetrically. Buttons were in front of a cropped 

part of a painting used as a background. 

Figure 27 

 App v1 Wireframes  

 

Note: From left to right: Main, Gallery, Artwork Info, AR. 

The design portrayed and symbolised artistic motifs from the indigenous paintings. In following 

this design language, the font used for the title was the Aboriginal Alphabet font by Araki 

Koman (see Figure 28). The fonts used within the app were Nexa and Nexa – Bold, as part of 

the default fonts in Unity. The typography was used consistently throughout the whole 
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application. The Map, Badges and About views buttons led to placeholder views as these 

features were planned to be introduced in the successive iterations.  

Figure 28 

App v1 Font Used as a Title in the Main View 

 

Note: Aboriginal Alphabet font by the artist Araki Koman.  

The logic flow of this iteration followed the model artefact presented in Figure 29 (also see 

Figure 21). The entry point was starting the app, after which the user would be taken to the 

Main view. After a tap on one of the buttons, the user would be presented with the 

corresponding view. The user could go back to the previous view from every view by tapping 

the Back button.  

The Tour button on the Main view would take the player to the first Tour view, which was a 

welcome view that presented the player with a Start tour button. The guided tour started after 

the player tapped the button, changing the app mode to tour. The tour was in the form of a series 

of Artwork Info views, ordered to represent the traditional tour sequence (see Figure 30). The 

Artwork Info view provided the player with options such as a button for exploring the painting 

through the AR view, listening to the audio narration, reading about the painting and the author 

or advancing to the next painting info view in the sequence. The use of both audio and text was 

intended to reduce the player’s cognitive load and provide a dual coding scheme to enhance 

user comprehension (Lin & Yu, 2017). Navigation through the sequence was performed by 

using back and forward buttons. The time spent per painting was not limited in any way, and 
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manual input from the player was required to advance to the next painting. The players would 

advance in their own time, allowing for a self-directed customised experience. The tour ended 

after a tap on the end tour button presented on the last painting info view. 

Figure 29 

Execution Model Flow Chart of the Indigenous Artworks Tour App 

 

The Gallery view presented a grid view of the six selected paintings in the form of three-column 

vertical thumbnails. Please note that all paintings in the walk could also be displayed for internal 

testing of the scrolling. However, this was not available to the alpha testers. The view also 

contained a back button, title and an AR scan button (see Figure 31). The inspiration for the 

layout was found in the Louvre Guide and The O apps. It offers a pragmatic approach to the 

presentation of the paintings to the user in an accessible way. The thumbnails images were 
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shaped as filled squares, representing the paintings resized to fit the square shape. Preserving 

the ratio of the thumbnails proved inconsistent and did not achieve an aesthetically pleasing 

outcome. A single tap on the painting’s thumbnail would take the user to the relevant info view.  

Figure 30 

App v1 Tour and Artwork Info Views 

  

Artwork Info view was a full-width, scrollable single column list. It contained the title of the 

view at the top, a full-width photo of the painting with preserved aspect ratio, and the available 

information about the author and the painting as text (see Figure 31). The textual information 

contained the following contents: title of the painting, author name, about the painting section 

and about the author section. This view also contained three buttons: Back, AR scan and Audio 

narration button. Initially, a tap on the painting image would present a fullscreen photo of the 

painting. However, this option was later removed due to copyright infringement. By tapping 

the audio narration button, the pre-recorded audio narration of the About the Painting text 

section was played. The voice used was synthesized and recorded on a macOS using Apple’s 

Karen, an Australian female synthesized voice. 



   
 

187 
 

Figure 31 

App v1 Gallery View and Artwork Info View with Audio Narration Playing 

  

The colour choice for the view background was dark grey, which provides the illusion of depth 

according to the Android material design guidelines. The lighter background colour than the 

black in the previous view represents a raised layer that is closer to the user. 

The AR view was accessible by a button on the Main, Gallery and Artwork-info views. The 

primary purpose of this view was to present the user with the features overlayed over the 

paintings, which supported the narrated story and enabled the future implementation of 

gamified interaction. This was facilitated by using the smartphone’s main camera for scanning 

the paintings or non-distorted printouts of the paintings used for testing. The AR view could be 

in two display overlay modes: target-scanning and target-acquired modes (see Figure 32). The 

target-scanning mode had a red transparent fullscreen UI overlay with a sizeable white image 

icon in the middle. Below the icon, the “Please scan a painting” message was presented. In 

target-found mode, the UI overlay would fade away, offering a clear view of the 3D objects 

anchored on the painting's spatial position in the form of the title of the painting and the names 
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of the painting’s features. Two buttons were always visible in both modes, one leading back 

and to the previous screen and the Gallery screen.  

Figure 32 

App v1 AR View Target-scanning and Target-found Modes 

  

The audio narration button appeared only in target-acquired mode. After the user positioned a 

sufficient portion of the painting in the field of view of the main camera, the Vuforia engine 

matched the scanned painting with the ones in the targets database and triggered the target-

acquired mode. The complete integration of the Badges, Map and About views was not 

developed in this iteration to expedite preparedness for the implementation of the gamification 

component. 

The Map and About views were not key features for this iteration, and the focus was on the 

usability and testing of the augmentation. The Badges view would only be viable with a fully 

implemented gamification component. Thus, its inclusion was postponed. The placeholder 

views used in-app v1 are presented in Figure 33. This section presents the design and 

development, and the next section focuses on the use and integration of the solution.  
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Figure 33 

Map, Badges and About Placeholder Views Used in App v1 

   

4.5.2 FIRST ITERATION DEMONSTRATION  

 

Corresponding to the demonstration step of DSRM, this section displays how the solution can 

be used to achieve the objectives applied in this iteration to solve the problem. The 

demonstration was performed in a simulated environment due to the construction works that 

were undergoing at the building where the paintings were on display and were not available. 

This can be regarded as a limitation of this demonstration. Before the demonstration took place, 

individual meetings with selected experts were organised multiple times during the 

development of the solution. At these meetings, prototypes and design ideas were presented 
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and discussed, and the feedback from the experts was recorded. In the early stages, the experts 

feedback proved to be very insightful and led to some substantial design changes, for example, 

the evolution of the home screen. 

The core expert group consisted of the following five (n=5) experts: the indigenous culture 

expert was an indigenous artist who was the on-site traditional tour guide; the user-experience 

expert was an advertisement firm director; the service-marketing expert was the partnerships 

manager at the Office of Alumni and Development; the Sense of place expert was a PHD 

researcher and experienced local government representative in the Abedian School of 

Architecture; and the exhibit organization expert that was the curator of the indigenous artworks. 

This group of experts represented the larger institutional stakeholder group. This is discussed 

in the next section. 

4.5.2.1 METHODOLOGY 

Due to the type of evaluation used and to expedite the development of the solution, quantitative 

usability testing was not conducted, and only qualitative data were recorded with the experts 

during the usability testing interviews as their requirements, expectations, thoughts and 

important points considering the app. The use of the app by the experts was also observed and 

analysed. 

Multiple questionnaires were used to derive the criteria for usability testing. First, the 

questionnaire from Hoehle et al. (2016) was adopted. In a similar way, this method was already 

used above to evaluate the related works in the Define the problem phase. As explicated, ten 

focal points for the interview protocol were conceptualised, which were then used in the 

usability testing interview. These ten concepts were the following:  
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(i) Aesthetic graphics – construct concerns app’s use of beautiful artworks, rich, 

beautiful, engaging graphics and good design. It is also looking at if the app benefits 

from the beautiful and engaging graphics. 

(ii) Colour – construct is about the implementation of the colours for the mobile app. It 

investigates the appropriate use or misuse of colours and contrast.  

(iii) Control obviousness – construct is concerning the consistency, intuitiveness and 

obviousness of the controls and obviousness of apps functions. 

(iv) Entry point – construct is regarding the ways the mobile app accessibility. This looks 

explicitly at accessing the app through an icon or a menu, or both. 

(v) Fingertip-size controls – construct investigates the appropriateness of the size of the 

controls that the user is interacting with. 

(vi) Font – construct is about the choice of the fonts and the proper sizing of the fonts.  

(vii) Gestalt – construct investigates the grouping and proximity of the elements of the 

app's interface. It also looks at the appropriate use of shapes for similar elements.  

(viii) Hierarchy – construct is about the comprehension of the hierarchical structure of the 

app and the use of headings to develop the hierarchy. This also concerns the ease of 

navigability within the app. 

(ix) Subtle animation – construct is exploring the appropriate use of animations to 

effectively communicate content, as well the overuse and subtleness of the 

animations. 

(x) Transition – construct concerns the smooth transitions when switching between the 

screens (views) and the general flow of the interface elements.  

 

Second, Venkatesh and Davis (2000) TAM2 Technology Acceptance Model was used to derive 

five interview protocol concepts. These were used regarding the perceived usefulness refers to 

the degree of performance increase provided to the user by the technology used in performing 

certain activities. This, for the tour, represents how helpful, useful and effective the app was.  

Third, the AR component analysis was conducted through objective measurements, qualitative 

analysis, and usability evaluation techniques types of AR evaluation techniques (Billinghurst 

et al., 2015). Finally, the data from the interviews were analysed by following the thematic 

analysis qualitative methodology (Braun & Clarke, 2006). The audio data from the interviews 

were transcribed and then coded in NVivo software. As expected, all the above concepts were 

coded and developed into themes. Several additional themes were developed and analysed, such 
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as Audio and Gamification. After the transcription of the recordings, the audio data was 

destroyed as per the ethics application. 

Following the alpha release of the app v1 as the first iteration of the software development cycle 

is where usability testing begins. The testing for the alpha releases is conducted in the 

developer's test environment by testers from outside the development organization (ISTQB, 

2018). The usability testing was conducted with the experts (testers), and their feedback was 

recorded. Observation and open-ended guided interview protocol were used to collect data 

(Pernice, 2018).  

The testers were handed an Apple iPhone X smartphone with the app v1 installed. The testers 

were also handed a portfolio book with six A4 size printouts of the paintings. Before starting 

the testing, a comprehensive onboarding and app introduction was performed on its features 

and how to use them. This was done to minimise the novelty factor and the negative user 

experiences resulting from unfamiliarity with the software (Cascaes Cardoso, 2017; Strahm et 

al., 2018). The testers were also instructed to test the nominal use case and many features of the 

app as they could find. The testers were encouraged to use the app entirely independently, and 

the researcher would intervene only when asked to.  

The observation was focused on how the tester used the app. This included all observable 

behaviours of the tester, such as how they engaged with the specific view or interactive elements, 

tracking for any signs of confusion or ambiguity, and their comments during the use of the 

application. Immediately after the testers had completed testing, semi-structured interviews 

with open-ended questions were conducted, and the conversations were recorded.  

Near the end of the interview, the testers were presented with the six selected model applications. 

Subsequently, they were asked to comment on their overall experience regarding the app v1 
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Corrigan Walk, contrasting the six model applications from the app stores. The last interview 

concluded the Demonstration phase. Subsequently, this phase was followed by the Evaluation 

phase, analysing and discussing the demonstration results. The evaluation phase is presented in 

the next section. 

4.5.3 FIRST ITERATION EVALUATION  

 

This section aims to describe the Evaluation step of DSRM by presenting the evaluation 

methodology and showing the proposed solution's capability to address the problem. The 

evaluation of design artefacts is a central and critical part of DSRM (Hevner et al., 2004; 

Venable et al., 2016).  

Design artefacts must undergo an analysis of the use and their performance to provide 

explanations for possible changes or improvements. Without evaluation, there is no evidence 

that the artefact works. While the quality of the utility aspect of the artefact is evaluated, in 

DSRM, the evaluation must also address the contribution to the knowledge base.  

The extant literature on DSRM evaluation offered surprisingly little guidance on conducting 

the evaluation that would present evaluation activities enabling the researchers to achieve their 

objectives and goals. Several frameworks were available in the literature at the time of writing, 

proposing similar approaches (Pries-Heje et al., 2008; Venable et al., 2012); conversely, 
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without uniformity on how to perform the evaluation. Venable et al. (2016) combined some of 

these approaches into a comprehensive framework explicated in the following subsection. The 

previous sections are bound to this iteration’s results’ evaluation. The following subsection is 

generalised and applied in all the subsequent iterations. 

4.5.3.1 EVALUATION FRAMEWORK  

Venable et al. (2016) developed a Framework for Evaluation in Design Science (FEDS) and 

guidelines for DSRM researchers to help develop the artefacts’ evaluation strategy within the 

project. FEDS strategy explores the questions of why, when, how, and what to evaluate. FEDS 

comprises two DSRM particular evaluation occurrences. The first dimension relates to the 

“functional purpose of the evaluation” (formative or summative). The second dimension 

represents the “paradigm of the evaluation” (artificial or naturalistic). The design process of 

evaluation through FEDS follows four steps: First, the evaluation goals are explicated; Second, 

the evaluation strategy or strategies are chosen; Third, the properties for evaluation are 

determined; Fourth, individual evaluation episode or episodes are designed. This framework 

was adopted for this study as it provides comprehensive guidance, incorporating the above 

features, which is unique in the extant DSRM evaluation approaches. FEDS is an extended 

revision of the previous work by Pries-Heje et al. (2008) and Venable et al. (2012).  

There are two key dimensions of an artefact evaluation; the functional purpose of looking at 

what to evaluate and the evaluation paradigm looking at how to evaluate. The purpose can be 

further unpacked to formative and summative and the paradigm to naturalistic and artificial. 

Formative evaluation is conducted most of the time during the development process, and the 

summative after there is an artefact to evaluate, not excluding summative during the evaluation 

and vice versa. Artificial evaluations can be empirical or non-empirical and include laboratory 
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experiments, mathematical proofs, and simulations. The benefit is stronger reliability, better 

replicability and falsifiability; it is simpler and less expensive.  

However, it suffers from reductionist abstraction from the natural settings, unrealism that can 

even lead to unreal adherence to the users, systems or problems. Naturalistic evaluation tests 

the solution's performance in its natural environment, such as people, real systems and authentic 

settings. This evaluation is empirical and includes case studies, field studies, field experiments, 

action research, and surveys. The benefit is the stronger internal validity and more rigour in the 

assessment of the artefact's effectiveness. The major shortcomings are the difficulty and cost 

that could lead to dropping some of the variables that might not provide the realistic artefact 

efficacy. These two dimensions of evaluation are presented in Figure 34, illustrating the relation 

between the four constituent evaluations: formative, summative, artificial and naturalistic. 

Figure 34  

Aspects and Strategies of Evaluation  

  

Note: The graph shows the evaluation trajectory of this research compared to other paths (Venable et 

al., 2016). Available under CC BY 4.0 licence. 

 

Naturalistic 

Artificial 

Formative Summative 

Legend:  

= Design/Construct 

= Evaluation episode(s)     

= This evaluation’s episodes 

 

https://creativecommons.org/licenses/by/4.0/
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The path taken through the evaluation depends on the circumstances of the DSRM project. 

Venable et al. (2016) propose four strategically different paths: Quick & Simple, Human Risk 

& Effectiveness evaluation, Technical Risk & Efficacy evaluation, and Purely Technical 

Artefact. All four strategies depend on the balance of speed, quality, cost and environment. 

Concerning this research, all iterations consisted of artefact development, refinement, features 

addition and upgrades. The people aspect was present since the inception and throughout the 

entire design process. As illustrated in Figure 34, the trajectory taken for this research is 

presented in green colour, and it is the closest to the Human Risk & Effectiveness evaluation 

strategy. This path relies on the formative evaluation at the early stages of the process, artificial 

in nature, progressing quickly towards a more balanced mix of the two dimensions.  

Past two-thirds of the process, the path is transitioning into almost completely naturalistic and 

summative evaluations, emphasizing the rigorous evaluation of the artefact. The evaluation of 

the artefact will endure the lifecycle of the artefact after it was made operational and was 

implemented in its “natural” environment, in the organisational surroundings, and affected by 

the complications of human and social struggles of its adoption and its use. 

Venable et al. (2016) also developed a process consisting of four steps that helps in choosing 

the appropriate approach to a specific DSRM project. These four steps are the following: (i) 

explication of the evaluation goals, (ii) choosing the strategy or strategies of evaluation, (iii) 

determination of the properties to be evaluated and (iv) designing the subsequent individual 

evaluation episode or episodes.  

The first step, explication of the evaluation goals, addresses the questions, such as what is being 

evaluated and what is the nature of the artefact, the purpose of the evaluation and the properties 
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to be evaluated. It can also consider the level of rigour, the cost-effectiveness ratio and the 

possible constraints.  

Choosing the strategy or strategies of evaluation, as the second step, considers the design risks 

by prioritising, evaluating and understanding the potential problems the design could face. It 

also regards the cost-effectiveness of the evaluation with real users, real systems in real 

environments and if the developed artefact is purely technical and if a system that addresses the 

problem already exists and will be deployed in the future. This step also considers the 

complexity of the design. 

The third step, determination of the properties to be evaluated, considers what to evaluate. First, 

one should begin by framing the potential artefacts/evaluands, followed by aligning the 

candidate evaluands to the goals defined in step one, followed by considering the strategy 

selected in step two, and finally choosing the evaluands based on the above.  

Designing the subsequent individual evaluation episode or episodes is the final step where the 

actual evaluation has to be designed based on having the strategy or strategies determined and 

what properties are to be evaluated. 

The main artefact was regarded as an instantiation through Human Risk & Effectiveness. The 

other two artefacts, regarded as models, were validated in parallel through the assessment of 

the instantiation. The evaluation process compares the goals and the observed results from the 

Demonstration step described above in a previous section (see section 4.5.2).  

The properties for evaluation were selected from the Hierarchy of evaluation criteria developed 

by Prat et al. (2014). Each of the demonstration activities was evaluated regarding all or some 

of these criteria (see Figure 35).  
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Figure 35 

Hierarchy of Criteria for IS Artefact Evaluation 

 

Note: Adapted from Prat et al. (2014). Available under CC Attribution-Noncommercial-Share Alike 

4.0 International. 

The environment, structure, and activity dimensions were adopted as relevant for this research. 

All three criteria from the Environment dimension were evaluated. These are consistency with 

the environment, consistency with the organisation and consistency with the technology. 

Furthermore, all their respective sub-criteria were also evaluated (see Table 14). The Structure 

http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
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dimension of artefacts was assessed by completeness, simplicity, clarity, style, level of detail, 

and consistency criteria.  

Table 14 

Environment Dimension Evaluation – All Iterations  

Evaluation 

criteria Sub-criteria Evaluation Method 

Consistency with 

the environment  

Utility Utilitarian dimension (users) (i3+) 

Understandability Ease of Use (i3+), Graphics, Colour, Hierarchy, 

Entry point, Field testing, Control obviousness 

Ease of use Ease of Use (i3+), Gestalt, Fingertip-size controls, 

Field testing,    

Ethicality Ethics board approval, interviews  

Side effects Control group testing (i4+) 

Consistency with 

the organisation 

Utility  Utilitarian dimension (organisation) (i4+) 

Fit within 

organisation 

Interviews with experts, stakeholders 

Side effects Control group testing (i4+) 

Consistency with 

the technology 

Harnessing of 

recent 

technologies 

Technologies and techniques used (Mobile AR, 

iBeacons experiments) 

Side effects Control group testing (i4+) 

Note: Environment dimension with the evaluation criteria corresponding to the actions and usability 

testing performed in the demonstration step for all iterations (i3+ means introduced in the third 

iteration, i4+ the fourth iteration, otherwise applies to both first and second iterations). 

The corresponding methods used to evaluate the Structure dimension from this and the future 

iterations are presented in Table 15. The activity dimension was assessed by observing its 

completeness, consistency, accuracy, performance, and efficiency criteria and the 

corresponding methods to evaluate the activities from all iterations are presented in Table 16. 

A summary of the evaluation process for all iterations is condensed in the five points below: 

First, interviews were conducted before, during and after the development to collect the 
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feedback from the experts (first, second and fourth iteration only) and the target users. This was 

to resolve whether the design meets the needs and the expectations of the users and the 

stakeholders. Second, experiments and simulations were conducted to assess the base 

technologies of the artefact and the ones introduced later in the development cycle.  

Table 15 

Structure Dimension Evaluation – All Iterations 

Evaluation criteria Evaluation Method 

Completeness Usability (i3+), components included and level of completion (i3+), 

Simplicity Hierarchy, Control Obviousness, Accessibility (i3+), Ease of Use (i3+) 

Clarity Visibility (i3+), Hierarchy, Navigability (i3+), Fidelity (i3+) 

Style Aesthetic graphics, Font, Colour 

Level of detail Fidelity (i3+) 

Consistency Colour, Entry point, Fingertip, Font, Gestalt, Control obviousness, 

Note: Structure Dimension with the evaluation criteria corresponding to the actions and usability 

testing performed in the demonstration step for all iterations (i3+ means introduced in the third 

iteration, i4+ the fourth iteration, otherwise applies to both first and second iterations). 

Table 16 

Activity Dimension Evaluation – All Iterations  

Evaluation 

criteria Evaluation Method 

Completeness Field testing (i3+), activity completion (i3+), Utilitarian and Hedonic 

Dimensions (i3+), XR-UX(i3+), level of completeness in performing the 

activity 

Consistency Field testing (i3+), Control obviousness 

Accuracy Field testing (i2+), Attitude (i3+) 

Performance Field testing (i3+), Usability (i3+), Transition 

Efficiency Field testing (i3+), Usability (i3+), 

Note: Activity dimension with the evaluation criteria corresponding to the actions and usability testing 

performed in the demonstration step for all iterations (i3+ means introduced in the third iteration, i4+ 

the fourth iteration, otherwise applies to both first and second iterations). 
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Third, in the development process, the artefact was tested in a simulated environment by closed 

build testers to determine if its performance met the requirements. Refinements and new 

features were introduced with every iteration depending on the previous testing results and the 

goals of the solution. Observation and interview data were gathered before, during and after 

and used to debug, refine or upgrade the artefact.  

Fourth, after the artefact had reached satisfactory performance and had implemented the key 

functionalities, it was tested in a real environment and with real users. Quantitative data was 

gathered from a larger testers sample, quantitative observation, and open-ended questions. 

These holistic mixed-type data were used to refine/upgrade the artefact with new functionalities 

in the next iteration. The process continued as many iterations as required until the performance 

of the artefact from the testing had met the goals and requirements, and it was fully ready for 

deployment. This milestone for this study occurred at the end of the fourth iteration. Finally, in 

the fourth iteration, the artefact was deployed for the main study experiment.  

Usability testing was also conducted throughout the iterations, and quantitative and qualitative 

data was collected, which is discussed in the respective sections. The intricacies of the 

evaluation of the first iteration are unpacked in detail below.  

4.5.3.2 ENVIRONMENT DIMENSION  

For I1, three criteria from the Environment dimension were evaluated (see Table 17). First, the 

artefact showed that it is Consistent with the environment through the four of the sub-criteria. 

Side effects were not evaluated. Regarding the Utility sub-criterion, the artefact showed 

satisfactory usefulness for the experts, as one expert stated, “I like it as a gallery, you know, 

enhancement type of thing.” However, as this criterion measures the quality of the artefact in 

practical use, the evaluation with the students’ target population sample is planned for the next 

iteration. 
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Table 17 

Environment Dimension Evaluation Criteria and Corresponding Means of Evaluation for I1 

Environment 

Dimension 

criteria Sub-criteria Evaluation Method 

Consistency with 

the environment 

Utility Utilitarian dimension (users) 

Understandability Graphics, Colour, Hierarchy, Entry point, Control 

obviousness 

Ease of use Field testing, Gestalt, Fingertip-size controls 

Ethicality Ethics board approval, interviews 

Consistency with 

the organisation 

Fit within 

organisation 

Interviews with experts, stakeholders  

Consistency with 

the technology 

Harnessing of 

recent 

technologies 

Technologies and techniques used, best practices and 

previous research 

 

First, the artefact showed that it is Consistent with the environment through the four of the sub-

criteria. Side effects were not evaluated. Regarding the Utility sub-criterion, the artefact showed 

satisfactory usefulness for the experts, as one expert stated, “I like it as a gallery, you know, 

enhancement type of thing.” However, as this criterion measures the quality of the artefact in 

practical use, the evaluation with the students’ target population sample is planned for the next 

iteration. Regarding Understandability, the graphics were comprehendible and used the 

appropriate affordances.  

The white-black colour scheme was found to be appropriate in accenting and contrasting the 

visual elements. However, the use of more colours in the palette should be tested in the next 

iteration to improve accents and add to the call for action element. The artefact presented a clear 

hierarchy and multiple ways to access only certain features, and this is still to be implemented 

on all the artefact features. However, there was room for improvement, reflected in the experts' 

statements such as, “[…]should all those buttons be on that home screen?” 
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Regarding the Ease of use, the performance was satisfactory, showing that the app was easy to 

use in the simulated environment. This evaluation is planned to be further tested partially in-

situ as soon as the next iteration, in the parts of the building not affected by the construction 

works, with approval and help from the institution. There was also a clear need for an 

onboarding process supported by experts’ statements such as “I just feel like, unless you have 

someone like explaining that verbally to you as well, that you know it they'd be like. Oh, what's 

this?” Regarding Ethicality, the study as a whole was approved by the ethics committee and 

the institution’s gatekeeper (see Section 3.4).  

Second, the artefact showed preliminary Consistency with the organisation through two of the 

criteria. The Side effects sub-criterion was not evaluated. Regarding the Utility sub-criteria, the 

artefact showed potential for successful implementation within the institution’s agenda, proving 

useful in meeting some of the institutional goals, such as enhanced student experiences and 

learning. Some updates to the app were required from this perspective, for example, audio to 

be available only through headphones, so it will not distract other students in the faculty, evident 

in questions such as “Another question with that audio, like, will only work if someone's got the 

headphones in or work[…]” Experts felt that the app objectives are a very good Fit within 

organisation. They thought that the artefact should be developed even beyond the scope of this 

thesis to enrich the institutional offering, found in statements such as “if this was, I could 

imagine this as a Gold Coast city council permanent installation somewhere.” 

Third, the Consistency with the technology was evaluated through one criterion. The Side 

effects sub-criterion was not evaluated. Regarding the Harnessing of recent technologies, 

mobile AR and multi-platform development are examples of the latest technologies 

implemented in the artefact. During the evaluation, the use of these technologies exceeded the 

expectations of the planned implementations. Moreover, the artefact was developed, building 
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upon the latest research in the related IS area and following the best practices and guidelines 

for design and development. The specifics of the iBeacon technology evaluation, as planned to 

be used as a micro-location provider, are presented in section 4.5.3.5. 

4.5.3.3 STRUCTURE DIMENSION 

The Structure dimension was evaluated through five criteria (see Table 18). 

Table 18 

Structure Dimension Evaluation Criteria and Corresponding Methods of Evaluation for I1 

Evaluation criteria Evaluation Method 

completeness components included and level of completion 

simplicity Hierarchy, Control obviousness 

clarity Hierarchy 

style Aesthetic graphics, Font, Colour 

consistency Colour, Entry point, Fingertip, Font, Gestalt, Control obviousness 

 

The Completeness of the artefact was evaluated via the artefact’s components included as well 

as the level of completion during the demonstration. The base application, interface and AR 

components were completed to a satisfactory level and the artefact as a whole performed within 

expectations. However, because the Gamification and the Micro-location beacon components 

were not implemented, this criterion was deemed partially complete. Another feature that was 

already on the implementation list and also suggested by the experts was the ability to navigate 

the space.  

Regarding the Simplicity criterion, the system was not too complex for practical use as controls 

were obvious, and there were no complex activities to be conducted during the tour. 

Observation and experts identified the need for more control of the narrated audio, supported 

by statements such as “Because if you like something way back at the start to the end, scrub 
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back.” Regarding the Clarity criterion, the hierarchy was clear, and observation showed that 

most of the time, the user was able to have an unambiguous perception of the interface. There 

was more work to be done regarding the logic flow of the app, as one of the experts stated, “So 

a lot, I think you've done a really good job […], like, once you get in, and like, it looks really 

professional, you know, the audio I love that idea, the scanning that really clever. So it's like, 

all they are is just the order, I suppose, and the explanation of it, like, do we are it you just do 

the two about, and then under that, there's the clicking, then there's a map under there, do you 

put all those icons on the first screen? Or do you order a little bit more?”  

Regarding the Style criterion, the interface elements were elegant enough to generate only 

positive feedback, measured through the Aesthetic graphics, Font, Colour constructs, as experts 

stated, “But I like the font and the font size.” and “Well, [the colour] that’s representative of 

all the artwork, I think that's a really good choice.“ Experts proposed some additions to the 

interface, such as improving aesthetics with animations, as one expert stated, “[…]because of 

the moment just jumps straight back, as in, you know, there's no transition, you could add, if 

you wanted to pretty it up a bit. You could add little transitions[…]. “  

The Consistency criterion considers the internal consistency of the artefact, which was 

investigated through the Colour, Entry point, Fingertip, Font, Gestalt and partially the Control 

obviousness construct. The artefact showed strong internal consistency in the use of the visual 

elements, in terms such as size, colour, typography, proximity and intention. This provided 

familiarity with the artefact throughout the various views and interface variations. The artefact’s 

internal structure was consistent, and it was perceived as simple and clear. However, the 

absence of key components deemed the Structure dimension requirements as partially met. In 

the next section, the Activity dimension is evaluated and discussed. 
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4.5.3.4 ACTIVITY DIMENSION 

The Activity dimension was evaluated via two criteria (see Table 19). 

Table 19 

Activity Dimension Evaluation Criteria and Corresponding Evaluation Methods for I1 

Evaluation criteria Evaluation Method 

consistency Control obviousness 

performance Transition 

 

The Completeness, Accuracy and Efficiency criteria were not evaluated, and these were to be 

evaluated with a larger sample size in the artefact’s natural environment in the next iteration. 

The Consistency criterion, similar to the consistency from the Structure dimension, was 

evaluated through the Control obviousness construct, and this time it concerned the activities. 

The artefact proved very consistent regarding the controls and the interaction with the user, 

mitigating the confusion and frustration of unexpected interaction outcomes. For example, one 

expert pointed out that “[…] a lot of these colours [in the app] are on the paintings in the tour.” 

Some experts suggested that the way the tour is implemented might be too demanding on the 

users. The researcher also observed this in the use of the app and was marked as a priority issue. 

The Performance of the artefact was satisfactory with fast loading speeds and fast, seamless 

transitions between the scenes; as one expert stated, “[…]it's quick to pick up. Yeah, it's really 

fast.” The Activity dimension requirements were deemed partially satisfied as the criteria were 

not fully met. The following section unpacks the evaluation of iBeacon technology in detail.  

4.5.3.5 IBEACON TECHNOLOGY EVALUATION  

In parallel with the usability testing, the second evaluation of the iBeacon technology was also 

conducted. The initial plan to place a beacon(s) behind all the paintings proved to be unreliable. 
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The main issue was the inconsistency of the beacon detection. Even with multiple beacons 

placed behind the paintings, the signal from the neighbouring beacons would interfere and 

change the context. To avoid interference from the neighbouring paintings, the user had to bring 

the device very close to the beacon. Moreover, the beacon transmission frequency had to be set 

to the highest 100ms, or 10Hz, which substantially impacted the beacons’ battery drain and, 

therefore, was abandoned.  

This immediate proximity to the painting was not realistic for the AR camera operation either. 

Due to the required field of view on the target for recognition and because the paintings are 

large, with the smallest painting being 1.5m in height, the AR component was not able to 

recognise the painting at that proximity. Another observed issue was that the users were trying 

to tap on the painting whit the smartphone to find the hidden feature beacon, which was 

unacceptable behaviour due to the risk of damaging the painting. A holo-replica of the painting 

was developed to present the boundary to the proximity, an idea borrowed from the virtual 

reality safety boundaries. However, due to the small screens of smartphones, holo-replica 

proved to be unreliable. In comparison, the literature shows various successful gamification of 

micro-location applications (Vasilevski et al., 2018). However, in this case, the test results 

showed that the beacons could not produce the required seamlessness and unambiguity. This is 

due to the requirements of this study, as presented above, involving the angles of scanning and 

the minimal required proximity to the paintings.  

Therefore, instead of beacons, AR was proposed as the primary provider of micro-location 

through AR scanning, supplemented by beacons. The beacons would be used exclusively for 

providing micro-location and context within the building space while not AR is not used and 

supplement AR when in use. The transmission frequency of 500ms proved to have sufficient 
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granularity for micro-location and acceptable battery drain. This approach promised high 

precision and granularity capability of the IPS within the space of the exhibit.  

Consequently, micro-location could be deployed for navigation within the space. The shift from 

iBeacon technology to AR as the primary micro-location provider had a substantial impact on 

the design and development of the artefact. Moreover, it also impacted the research as a whole. 

The Sense of place experiment required adjustment of the pre- and post-experimental control 

group design, affecting the control group that was initially planned to use beacons to test the 

seamlessness of the iBeacon gamification of micro-location technology. Further evaluation was 

planned for the beacons and is discussed in the next iterations’ sections. 

To conclude, the first iteration evaluation showed that the overall experience and usability of 

the app were satisfactory, while the requirements were partially met. Therefore, another 

upgraded instance of the artefact had to be designed and developed to meet the objectives and 

implement some of the missing features. 

The alpha build of the app v1 artefact performed within the expected margins and could be used 

as a solid base for adding the Gamification component. Also, the objective of identical 

experiences on both iOS and Android OS mobile platforms was successfully met. Moreover, 

Unity as a development tool performed as a reliable integrated development environment (IDE) 

for this type of application. The testing and releasing of the software through Unity were 

seamless for both mobile platforms. The Vuforia AR Unity plugin performance was exceptional, 

showing stable and reliable deployment, resulting in quick and correct AR target recognition. 

The effectiveness of the usability constructs derived as guidelines for usability testing was 

confirmed, as per the literature (Hoehle et al., 2016). 
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The development velocity and the in-situ testing of the app were affected by the construction 

works that were conducted at that time on the expansion of the building of the Health and 

Medicine Faculty, where the tour artworks were on display. The expert’s opinions benefited the 

development of the future instantiations for the artefact. Their suggestions concerning 

gamification and their distinct opinions on how effective or even necessary the GARM-L were 

valuable. 

The structure of the artefact did not receive major changes throughout this iteration. 

Implementation of two distinct scenes in Unity may have complicated the code and introduced 

complexity. However, the separation of the main content from the AR scanning functionality 

into two separate scenes has proved that it was the right choice, especially regarding the 

scalability of the artefact. Finally, the performance, experience consistency, and stability on 

both mobile development platforms with a single code base presented a substantial advantage 

in the development velocity and deployment efficiency and human resources requirements. A 

summary of the first iteration loop is presented in the next section. 

4.5.4 FIRST ITERATION CONCLUSION 

This section concludes the first iteration of the DSRM process. The development process was 

presented, from its inception to the alpha release of an artefact in the form of a mobile 

application artefact. The knowledge acquired in this iteration was disseminated at the 12th 

Australasian Simulation Congress (Vasilevski & Birt, 2019b). This is a partial solution to the 

thesis problem of investigating the effects of gamification of micro-location to SOP as a whole. 

First, the design and development of the artefact were presented, followed by the performance 

demonstration of the artefacts. Finally, the artefact performance was evaluated, evidencing the 

artefact being highly usable and stable instantiation. However, the evaluation showed that the 

artefact in the current state was not able to provide a solution to the problem. Therefore, it went 
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through another design iteration to address the ambiguities from this iteration and implement 

the functionalities required to achieve the objectives. 

This first iteration and the positive outcomes of the evaluation of the artefact permitted the start 

of the next iteration of the artefact development. The next iteration was to incorporate 

adjustments, improvements and additions as a direct result of the testing and evaluation. The 

Gamification component as a part of the GARM-L solution was planned to be implemented in 

the next iteration. However, the beacons testing that resulted in turning to AR as a micro-

location provider effectively postponed this for a subsequent iteration. Thus, due to the 

modifications, testing and evaluation that must be performed for the AR component to become 

applicable for supporting the Gamification component and micro-location simultaneously. The 

next iteration would implement a human voice narration, which was recorded in parallel with 

the evaluation of this iteration. The following section presents the second iteration of the DSRM 

process. 
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4.6 SECOND ITERATION  

Following the previous chapter, this chapter presents the second iteration of the DSRM 

development. First, the updates to the solution design and functionality are presented together 

with the optimisations employed to enable the full integration of the AR component. Second, 

the results of the demonstration and the usability testing conducted with experts and student 

testers are presented, including the lessons learned. This iteration is design centred because it 

begins with the design and development phase, which is fully unpacked in the following section.  

3.1.2. SECOND ITERATION DESIGN AND DEVELOPMENT  

 

 

The second iteration started with the design updates of the artefact. The major update in this 

iteration was introducing a fully implemented AR component with the ability to scan and 

recognise targets as indigenous paintings. Most of the paintings’ features, such as the title, 

author, and specific painting features, were visualised in AR. These augmenting features were 

overlayed and anchored to the actual painting’s features in 3D space in the real world. It should 

be noted that some of the paintings did not have specific features implemented, except title and 

author, since the knowledge about these was lost or forbidden. The second major update was 

the authentic human narration which replaced the synthesised voice. Because this new way of 

narration was an adaptation of the actual human guide of the traditional tour, it was expected to 

enhance the authenticity of the experience and deepen the connection with the artworks. 
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The third notable update was in the design of the interface and the app as a whole, as per the 

usability data analysis from the first iteration that identified several usability and optimisation 

issues. To reiterate, the issues were the following: the way the tour was conducted, no means 

of place navigation, no control for audio playback and some other minor issues explicated 

below.  

3.1.2.1 LOGIC AND UI DESIGN UPDATES 

After implementing the new components and resolution of the issues, the artefact was released 

as an internal build app v2. All design choices below reflect the findings from I1. The user 

interface of the app v2 artefact was updated and consisted of the following views: Gallery, 

Artwork Info, Map, AR, and Welcome. The wireframes of Welcome, Gallery, Artwork Info 

and AR views are presented in Figure 36.  

Figure 36 

App v2 Wireframes  

 

Note: from left to right: Start, Gallery, Artwork Info, AR views. 
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The app colour theme was changed to a light background, with orange (hex colour code FF8E00) 

accents, icons, and black typography. All fonts were updated to LiberationSans SDF due to the 

change in the Unity UI text system from Text type to TextMeshPro type. The typography 

received much attention and was consistent within the application. 

The first change to the interface was the removal of the Menu (main) view. One of the experts 

in the first iteration brought up the issue, supported by additional testing, which proved that the 

Main view was only adding extra steps to the experience as it was not required for the app 

functionality. The Main view functionality was replaced by the Welcome and the Gallery views 

(see Figure 37). 

Figure 37  

App v2 Views 

 

Note: App v2 Gallery view (left) and Welcome view (middle) replaced the Main view from app v1. 

The app v2 Gallery view (right) when the tour was completed. 
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The Gallery view in the second iteration adopted the function of the Tour view and its sequence 

from the first iteration. The grid layout was replaced with a list layout of square thumbnails 

presenting the painting in a square ratio on the left. On the right of the thumbnail, the basic info 

about the painting was presented within two text rows containing the painting title and author’s 

name. The top text row presented the title of the painting, and the bottom row presented the 

artist's name. The thumbnails in the Gallery view list were ordered from top to bottom by the 

most efficient path for walking the tour.  

The Gallery view contained two buttons, a Map button in the top right corner and a Scan button 

in the bottom right corner. The layout of the buttons throughout the app UI followed the 

Material UI developer guidelines by Google (developer.google.com). In the case of the buttons’ 

aesthetics, these were very similar to Apple’s ones (developer.apple.com). All the list items 

retained the button like functionality, and on tap would take the player to the corresponding 

Artwork Info view.  

The Artwork Info view also underwent considerable updates (see Figure 38). The major change 

was the addition of the play-scrub button slider for the audio narration. The scrubber 

represented the narration audio clip's duration and introduced the scrubbing forward and 

backward across the voice narration. The audio narration voice was changed to a recorded voice 

by an indigenous artist, the traditional tour guide. The voice was recorded with high-quality 

equipment and in a way that would represent the traditional tour narration most authentically. 

The audio playback would not be affected by transitions to the AR or Map views and vice versa. 

However, changing back to the Gallery view would stop the playback. 

The Artwork Info view remained a full-width scrollable list from the first iteration, with the 

view title at the top, followed by the photo of the painting, the play-scrub audio button and the 

available information about the author and the painting as text (see Figure 38). The textual 

https://developer.google.com/
https://developer.apple.com/
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information order also remained the same; painting title, author name, painting about section, 

and author section. However, the paragraphs' formatting and the title were updated with 

indentation, and the proximity and repetition were corrected. 

Figure 38 

Evolution of Info Views 

   

Note: A Comparison of App v1 (on the left) and App v2 (on the right) Artwork Info Views. 

There were three buttons: Back in the top left corner, Map in the top right corner and a Scan 

button in the bottom right corner, leading to the corresponding views. The view’s background 

colour was a darker shade to provide the illusion of depth, representing a view closer to the 

player. 

The second major change to the interface was introducing the Map view (see Figure 39). It 

showed a simplified interactive map of level three of the building where the artworks are 

displayed. The background colour was set to 65% grey (hex colour code A4A4A4), which was 

chosen by experimenting and testing various colours. This shade of grey provided the optimal 

contrast with the white map and the other colours used in the view while retaining the light 



   
 

216 
 

theming of the application interface. The players could pinch to zoom in and out, changing the 

size of the map, while the markers would remain the same size. The orange circle location 

marker contained the painting number, and a tap on it would toggle the painting thumbnail. 

After a painting was scanned, the orange marker would turn into a green circle with a white 

checkmark. This was also providing the location to the player. A painting was set to active if 

viewed in the Artwork Info view or immediately after AR scanning, which would make the 

corresponding marker pulsate in size. The Map view was accessible from all the views, except 

the Welcome view. 

Figure 39 

Evolution of Map Views  

  

Note: The comparison of Map views from app v1 proposed (on the left) and app v2 implemented (on 

the right). 

The AR view was also accessible through a button from all the views, except the Welcome 

view. The two AR view display overlay modes, target-scanning and target-acquired modes, 

were retained. On the one hand, the target-scanning mode (see Figure 40) was redesigned by 
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removing the red overlay and changing it with viewfinder-like orange corners. The text and the 

photo icon in the middle were re-centred and updated to orange colour. 

Figure 40 

Evolution of the AR Target-scanning Modes 

 

Note: A comparison of the AR target-scanning mode from app v1(on the left) and app v2 (on the 

right).  

On the other hand, the target-found (see Figure 41) mode UI overlay retained the unobstructed 

view of the painting, and the 3D objects remained anchored on the painting's spatial position. 

The 3D objects on the painting, the author's name, and the title pointed to specific painting’s 

features. In both modes, two buttons were always visible, one leading back to the previous view. 

The audio narration button was replaced by a play-scrub button slider and was only available 

in target-acquired mode. Both AR view and Artwork Info view scrubbers were in constant sync 

once the audio was playing.  

The two buttons at the top of the screen were updated to a Back button in the left corner and a 

Map button in the right corner, leading to their corresponding views. The back button 

implemented a dual function. If the audio were not playing, it would take the player back to the 
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last used view. For instance, if the player went to AR from Gallery, it would be taken back to 

Gallery. However, if the audio were playing, the Back button would take the player to the 

corresponding Artwork Info view for the narrated painting. This was implemented to keep the 

flow and continuity of the narration if the player would like to see the artwork info.  

Figure 41 

Evolution of the AR Target-acquired Modes  

 

Note: A comparison of the AR target-acquired mode from app v1 (on the left) and app v2 (on the 

right).  

The planned integration of About and Badges views proposed in the first iteration was not 

performed. In the About view, it was postponed to increase the development velocity as it is 

not a key feature and the focus fell on the usability and testing of the AR component. The 

integration of the Badges view was also postponed in this iteration. As already stated, the 

Badges view would only be viable if the gamification component is fully implemented. 

The interface changes followed the major change in the application logic. The logic flow of this 

iteration follows the updated second model artefact, which is presented in Figure 42 (for the 
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original artefact, see Figure 21). The entry point was starting the app, after which the user would 

be taken to the Welcome view. The welcome view contained the recognition of the landowners 

and intro text, and a link to the Privacy policy. There were three agreement checkboxes for the 

user to agree to in order to start the tour: agreement of reading the statement, agreement of 

reading the Privacy statement and agreement to participate in this research. After all, boxes 

were checked, a tap on the Start Tour button led the user into the Gallery view (see Figure 37). 

Figure 42 

Updated Execution Logic Flow Chart of App v2 

 

Note: The updated execution logic flow chart of the model artefact representing the logic flow of the 

app v2. 

Returning to the previous view was available through a “Back” button in every view, except 

for the Welcome view, which was inaccessible once the tour started. 

Moreover, the players maintained the freedom to take the tour in no particular order and at their 

own pace as a self-directed customised experience. This was in contrast to the directed first 
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iteration. Also, the time per painting was not constrained as per the first iteration, and the 

advancement to the next painting was at the users’ own convenience and pace. 

The tour was not explicitly guided. Nevertheless, the order of the paintings in the Gallery view 

and the map numbering of the painting location markers on the Map view (see Figure 39) 

implied the guidance and provided static navigation through the sequence. After scanning the 

painting, a green checkmark would appear on the Gallery view thumbnail and the corresponding 

map marker in the Map view (see Figure 38 and Figure 39). This allowed the player to keep 

track of the already scanned and remaining paintings, as well as the overall progress of the tour. 

The tour would implicitly end after all the included paintings have been scanned. An additional 

item in the Gallery view was presented at the top of the list, informing the player that they had 

completed the tour (see Figure 37). All functionality and features of the app were retained after 

completing the tour; thus, the users could re-experience the paintings again if they wanted.  

To summarise, the main interface updates were: (i) the human audio narration available through 

a button scrubber; (ii) interactive Map view updated in real-time, (iii) simplification by 

integrating the functionalities of the Main and Tour views into the Gallery view; (iv) the shift 

to a light theme with an orange accent colour. The application logic was updated and optimised 

by simplifying it to provide an even deeper individual experience. The update to the AR 

component was not only visual, as it was heavily optimised, which is discussed next. 

4.6.1.1 AR COMPONENT OPTIMISATION 

The focus of this iteration was on optimisation of the AR component with a major update in the 

ability of the AR component to recognise and enhance the indigenous paintings (targets). Only 

the title and author 3D elements were available in the first iteration anchored on the real-world 

paintings. I1 implementation was relatively seamless and performed as expected, given the 

optimised testing environment (good lighting and wide spaces). In the second iteration, 
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additional features were added to enhance the story and present the knowledge about the 

paintings related to the indigenous culture. Only some of the paintings were available in situ 

and were tested at their original locations. However, all targets were tested on the actual 

paintings in different settings, such as another building or storage.  

The paintings were photographed professionally under uniform light and with a high-resolution 

(hi-res) camera (see Figure 43). The photos were in TIFF format with no size less than 2300 

pixels per side and an average file size of 150MB. The hi-res photos were then optimised 

following the Vuforia developers’ guidelines. 

Figure 43 

Example of Taking Photos of the Paintings  

 

Note: Photoshoot of the paintings by a professional photographer. The painting title is Rock Holes 

Marrapinti by the artist Nungurrayi Naata. 
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Adobe Photoshop CC photo editing package was used for optimisation. Optimised shrinking 

and compression were applied to the photos to preserve as many target features, contrast, and 

edges as possible. The optimised images were exported in JPEG format with a file size between 

2.3-2.5MB. These were uploaded to the Vuforia developer’s website for AR feature extraction. 

Then, the library of image targets was downloaded from the website and imported into the Unity 

2018 engine and applied through Vuforia plugin v7. Every image target was used as a separate 

game object with the painting features as 3D models being children to it. 

However, after the initial upload of the image targets to the Vuforia website, we found that 

around 30% of the targets had zero-stars AR ratings on Vuforia. Vuforia rates the level of 

augmentability of a target 0-5 stars (poor to excellent). These photos were further optimised by 

the method of trial and error and by cropping (see Figure 44) and using image processing 

algorithms, such as sharpening filters applied to the already optimized photos. Only two 

paintings remained with zero stars rating in Vuforia, with all the others having more than two 

stars. 

Figure 44 

An Example of AR Optimisation 

   

Note: Photo of the original painting (left) and AR optimised cropped area (top right) with the AR 

recognition features (bottom right). 
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All proposed methods on Vuforia’s website were applied to the zero-star photos, including 

cropping the feature-rich parts and background optimizations, yet none of them proved 

successful. Even though they had zero stars, they were also included in the application build. 

The targets were imported into the app, and the app was tested in situ on various android and 

iOS devices. However, the in-situ tests showed that the mobile devices could only recognise 19 

out of the 32 image targets, impartially of the device brand. An unexpected outcome was that 

some five-star images were not being picked up, and some two-star or even one zero-star targets 

performed flawlessly. This is arguably due to the way Vuforia rated the features, which should 

only be used as a guideline of the target augmentability.  

Moreover, two potential causes for the non-recognizable paintings were also identified. First, 

the dim and non-uniform lighting conditions in the corridors where the paintings were placed 

partially or entirely prevented the feature recognition. Second, many paintings were very large, 

up to 4.5 m in diameter and displayed in 2.5 m wide corridors. This led to device cameras not 

being able to cover a sufficient area of the target in the field of view, even from an angle. These 

twelve “unrecognisable” paintings were taken to a larger space and tested again under uniform 

light. This test showed that the five of the paintings were being recognised by the app with 

various levels of inconsistency, even the ones having high star ratings. Seven were not picked 

up by the app at all, similarly having various star ratings. After another round of optimisation, 

in most cases through cropping and trial and error, seven targets performed sufficiently. The 

curator agreed to rearrange and swap places with the paintings that were not part of the tour 

under more uniform lighting conditions, removing the recognition inconsistency. Five targets 

were deemed non-augmentable; thus, the number of non-augmentable targets increased to 

seven in total. In agreement with the curator and relevant stakeholders, these seven paintings 

were excluded from both the application and the traditional tour. The final number of available 

paintings in the app v2 was 25, which was deemed suitable to meet the objectives. 
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In addition to the recognition issues, further optimisations focused on the app's AR component 

responsiveness and usability. The responsiveness was considered from two aspects: the AR 

view scene loading time and the speed of recognition. The loading time of the AR scene was 

greatly improved by loading the targets at the application start, which significantly reduced the 

scene loading time on the slower devices in contrast to the first iteration, where all targets were 

loaded at the AR scene loading sequence. Selecting the “optimized for speed” option in the 

Vuforia plugin in Unity has also improved recognition speed on older Android devices. 

However, this option had no observable effect on iOS and the newer Android devices.  

The interactivity of the interface elements was improved by increasing the size of the touch area 

(collider) for the tap (ray-cast) on the screen in line with Unity3D coding and HCI finger–screen 

standards. To summarise, the images must be optimised prior to using them as targets, and one 

should not rely on the Vuforia rankings alone. Instead, rely on extensive testing in various 

conditions in the actual, in-situ settings, as presented above. The loading of the targets in the 

app should be completed at the app start, which removes the first-time loading lag of the AR 

scene. After the AR component was performing acceptably and the overall initial tests were 

satisfactory, the scheduled demonstration took place. The activity is discussed in the next 

section.  

4.6.2 SECOND ITERATION DEMONSTRATION  
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Two demonstration rounds, in-situ and simulated, were carried out throughout the September 

semester of 2018. The in-situ demonstrations took place in a building, part of a university 

campus on Gold Coast, Australia. The building was undergoing a major extension. Thus, a large 

part of the third level space, where the paintings were placed initially, was not available. Two 

of the available corridors of the level still had 6 of the tour paintings on display (see Figure 45), 

and these were used for the demonstration. Four of the paintings were temporary on display in 

another building, while the remaining paintings were kept in storage. 

Figure 45 

Floor Plan of The Exhibition Space 

 

 

Note: The floor plan of level 3 where the demonstration activities were performed (provided by the 

institution). The blue circles represent the locations of the six paintings used for the demonstration. 

The highlighted orange area was inaccessible due to the construction works on the expansion of the 

building.  

The in-situ demonstration was carried out with the experts. The demonstration in a simulated 

environment took place in a classroom as a part of UX testing and evaluation within the 
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curriculum. The methodological approach used was identical to the first iteration and is 

unpacked in the next section. 

4.6.2.1 METHODOLOGY 

The participants' sample size for the second iteration was (n=11), of which five were experts 

(n=5), and six were undergraduate students (n=6). The experts' group remained the same, 

consisting of Indigenous culture expert, User-experience expert, Service-marketing expert, 

Sense of place expert, Exhibit organization expert. Experts represented the large institutional 

stakeholder group, while the student sample represented the target user. The individual use of 

the application in both groups was observed, followed up by short interviews. The observations 

and feedback were recorded. The collected data included observation notes and interview 

transcripts and notes. 

The initial testing for the second iteration was conducted both in-situ and in a simulated 

environment by the researcher on various iOS and Android mobile devices. The researcher 

tested the usability of the initial builds of the app and established a baseline for the following 

evaluation and testing. When the application's usability reached the required level, it was 

internally published as an alpha release, app (version) v2 (ISTQB, 2018). App v2 revision 

implemented all the above-presented changes to the app v1 from I1. 

In the alpha phase of the software development cycle, usability testing was initiated, and app 

v2 was presented to the testers. During the testing observation, data was gathered, and after the 

use, interviews were conducted (Pernice, 2018). Testing was performed on an iPhone X 

smartphone with app v2 installed, which was handed out to the testers. All testing was 

individual. The evaluation with the experts took place at the building where the artworks were 

on display, and they tested the app v2 in situ. The testing with the students was conducted as 

part of the in-class activity in a classroom simulated environment. Student participants tested 
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the app by scanning photos of the paintings on a laptop screen and with A3 paper size printouts 

of the paintings (see Figure 46).  

Both groups used Arctic SteelSeries over-ear headsets for the audio narration. After a short 

onboarding and introduction of the app, the testers were observed how they used the app, and 

the researcher only intervened if asked to. Semi-structured interviews were conducted after 

using the application, where the participants were asked to share their experiences using the 

app v2. 

Figure 46 

Examples of Demonstration and Testing of App v2 

  

Note: An expert in testing the app v2 in-situ (on the left). A student is testing the app v2 in a simulated 

environment (on the right). 

Usability was assessed through the methods used in the first iteration (Vasilevski & Birt, 2019b), 

which extracted the ten main concepts found in the questionnaire from Hoehle et al. (2016) for 

usability testing and the structure of the interviews. These concepts were: Aesthetic graphics, 

Colour, Control obviousness, Entry point, Fingertip-size controls, Font, Gestalt, Hierarchy, 

Subtle animation, Transition.  
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Technology acceptance questions from Venkatesh and Davis (2000) TAM2 were adopted as 

guidelines regarding the helpfulness, usefulness, and effectiveness of the app v2 concerning the 

tour. Three types of AR evaluation techniques were used to provide additional analysis of the 

AR component of the app: Qualitative analysis, Usability evaluation techniques and Informal 

evaluations (Billinghurst et al., 2015). 

The interview data were analysed by using thematic analysis (Braun & Clarke, 2006). Using 

the constructs and the guidelines described above, the interview transcripts were coded, and the 

field notes were examined. The analysis of the data aligned with the concepts above and two 

additional themes were developed: the onboarding process and tapping on the painting features. 

The results of this I2 iteration demonstration are presented, analysed and discussed in the next 

section. 

4.6.3 SECOND ITERATION EVALUATION  

 

This section concerns the evaluation phase of the results achieved in the demonstration 

activities performed in this iteration. These activities were carried out with a relatively small 

sample and partially in simulated settings. Moreover, because there was an evaluation in-situ, 

the I2 evaluation was closer to a naturalistic, following the Human Risk and Effectiveness path 

(Venable et al., 2016) (see Figure 47). 
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Figure 47  

Aspects and Strategies of Evaluation for I2 

  

Note: The graph shows the evaluation trajectory of this research compared to other paths (Venable et 

al., 2016). Available under CC BY 4.0 licence. 

4.6.4 SECOND ITERATION RESULTS 

The app v2 demonstration results showed high user satisfaction and usability for the app, 

reflected by statements such as: “It works”, “it works well”, and “it's easy to use.” The 

implemented changes and the new features were welcomed by the experts and seamlessly 

accepted by the student testers. The app proved to be very stable. It did not freeze or crash even 

once during the testing. The observation did not show any substantial adverse effect on the 

testers. 

Regarding the aesthetic graphics, the testers were very satisfied with the app v2 artwork design 

and graphics, with comments such as “It's very clean...” and “very good photos of [the 

paintings].” All testers, except one, complimented the appropriate use of the colour theme by 

stating, “I like it […] Looks good.” and “The orange is good.” The contrast was also deemed 

satisfactory. The controls across the app were very consistent. The way of using the app was 

Naturalistic 

Artificial 

Formative Summative 

Legend:  

= Design/Construct 

= Evaluation episode(s)     

= This evaluation episode  

 

https://creativecommons.org/licenses/by/4.0/
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obvious to the testers, saying, “it's pretty easy to use. Pretty straightforward.” Furthermore, 

the combination of the audio progress bar and play button was warmly accepted: “I like the way 

that becomes a slider. […]That's really cool.”  

The app’s accessibility was also on a high level. Regarding the Fingertip-size controls, there 

were some concerns about the size of the check buttons on the Welcome screen, which proved 

to be challenging to tap on. The start button was difficult to recognise as a button by some of 

the testers. The UX expert proposed to adjust the font colour and weight on the Artwork info 

screen to improve readability and the hierarchy by applying a bold font on the titles and 

reducing the opacity of the body text by 30-40%. “[The] fonts are so much better.” commented 

the same tester comparing the fonts to the app v1. Font size resulted in contrasted opinions; 

however, adjustments had to be made to some interface elements to increase the readability.  

The proximity and grouping of the interface elements (gestalt) were adequate for the 

application purpose. One tester stated: “I like it. It's kind of slick. In comparison to the other 

one. It has a bit more sophistication and [is] better[…]” comparing it to app v1. The app 

hierarchy was clear, and the app's structure was recognized very quickly by the testers, with 

comments like: “That's logical[…] it's all really self-explanatory.” The animations were used 

appropriately and effectively. The transitions and the flow of the interface elements were 

meaningful and easy to follow.  

Half of the participants expressed that any kind of onboarding process would be very 

beneficial and were required to explain the app's capabilities and the features prior to using the 

app. An overlay introduction screen or a quick “tour of the app that points to do certain things. 

I think that'll be really good.” Some of the participants thought that taping on the painting 

features in the AR view should provide more information like expanding the feature or taking 
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the user into the Artwork Info view. The discussions of the results are presented below through 

three dimensions of the evaluation, starting with the environment. 

4.6.5 SECOND ITERATION DISCUSSIONS 

The evaluation was similar to the first iteration one. The dimensions evaluated were the 

environment, structure and activity. The former is discussed in the next section. 

4.6.5.1 ENVIRONMENT DIMENSION  

Four criteria of the Environment dimension were evaluated (see Table 20).  

Table 20 

Environment Dimension Evaluation Criteria and Corresponding Evaluation Techniques for I2 

Environment 

Dimension 

criteria Sub-criteria Evaluation Method 

Consistency with 

the environment 

Utility Utilitarian dimension (users) 

Understandability Field testing, Graphics, Colour, Hierarchy, Entry point, 

Control obviousness 

Ease of use Field testing, Gestalt, Fingertip-size controls 

Ethicality Ethics board approval, interviews 

Consistency with 

the organisation 

Fit within 

organisation 

Interviews with experts, stakeholders 

Consistency with 

the technology 

Harnessing of 

recent 

technologies 

Technologies and techniques used (Mobile AR, iBeacons 

experiments) 

 

The Side effects criterion was excluded due to the design of the evaluation. Regarding the Utility, 

the students and the experts were content with the usefulness of the artefact's practical use 

quality. Within this sub-criterion, a simulation environment can be considered as a limitation 

for the student participants even though, with the focus on usability, the overall experience was 

not different to a large extent, especially as the in-situ testing was in a very small area. 
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Nevertheless, the experts tested the artefact in its intended setting and were satisfied with the 

performance. The observation results further support this.  

Regarding Understandability, the participants had no problems opening the app and 

understanding which view leads to which. The aesthetics were considered appropriate by the 

participants, as the visual elements were coherent and most likely due to the implementation of 

mobile app affordances and expectations. Using more colours in a white-black-orange colour 

scheme provided more contrast and call for action accents to the visual elements, making the 

controls more obvious. The hierarchy of the artefact was easy to understand and implemented 

multiple ways of accessing the features. This also affected the ease of use. 

The Ease of use was improved from I1, as the visual elements were more perceivable due to 

the updates of the elements’ proximity and the increased size of the touch area for the interactive 

elements. The app was reported as easy to use by the participants in both environments. The 

Ethicality sub-criterion did not change from I1, as the ethics clearance was still in effect.  

Two sub-criteria of the Consistency with the organisation dimension were evaluated (see Table 

20). Regarding the Utility sub-criterion, the artefact was regarded to be very beneficial to the 

accessibility of the tour and the institution itself as it could provide enhanced student 

experiences in line with the previous evaluation. Some experts felt that the artefact integration 

in the institution’s offerings might prove useful in enhancing the learning experience and 

awareness of the indigenous culture. The evaluation showed that the artefact is a Fit within 

organisation as, for instance, it was included in the program for the upcoming university’s Open 

Day event.  

The Consistency with the technology dimension was evaluated via one sub-criterion, 

Harnessing of recent technologies. The latest multi-platform developments were implemented 
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within the artefact, which proved to be highly beneficial and beyond the expected outcomes of 

the demonstration. The AR provider Vuforia showed the best results of all the plugins tested 

and was praised as the best and most widely spread at the time of testing. 

However, the AR target scanning technique did not perform 100% as expected, and the 

exclusion of five paintings from the tour was unexpected. There is a need for more research and 

development in this area, where other techniques such as a point cloud or spatial anchors could 

be implemented to aid the target recognition. The iBeacon technology was not evaluated in this 

iteration. However, it was in parallel development and was planned to be implemented in the 

next iteration. The environment dimension requirements were considered partially met. The 

structure dimension was evaluated next and is discussed in the following section. 

4.6.5.2 STRUCTURE DIMENSION 

The Structure dimension was evaluated through five criteria (see Table 21).  

Table 21 

Structure Dimension Evaluation Criteria and Corresponding Evaluation Techniques for I2 

Evaluation criteria Evaluation Method 

Completeness Components included and level of completion  

Simplicity Hierarchy, Control obviousness, Accessibility (i3+), Ease of Use (i3+) 

Clarity Visibility (i3+), Hierarchy, Navigability (i3+), Fidelity (i3+) 

Style Aesthetic graphics, Font, Colour 

Consistency Colour, Entry point, Fingertip, Font, Gestalt, Control obviousness, 

 

Even though all the integrated components were completed to the required levels, regarding the 

Completeness criterion overall, the artefact was deemed partially completed as Gamification 

and iBeacons components as key components were not yet implemented. 
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Regarding the Simplicity criterion, the artefact incorporated a simple hierarchy with obvious 

controls, which is also true regarding the Clarity criterion, which was met by eliminating 

ambiguity in the interface and improving the fidelity of the AR features. The Style criterion was 

evaluated through the Aesthetic graphics, Font and Colour themes. Even though the “beauty is 

in the eye of the beholder”, none of the participants expressed negatively regarding these themes 

in any of the interviews.  

The internal Consistency criterion of the artefact satisfied the minimum requirements, which is 

evident in the qualitative Colour, Entry point, Fingertip, Font, Gestalt and partially the Control 

obviousness themes. Reinforcing consistency in every aspect of the artefact should be beneficial 

for reducing the cognitive load, as participants felt familiar with the interface and the activities 

in all of the views’ variations.  

Even though the internal structure of the artefact changed dramatically in the way the logic was 

executed, the general feel and the interface operation was similar to the I1 artefact. Therefore, 

there were no major deviations expected and observed from I1 findings, and the results showed 

an increase in all the criteria. Therefore, the Structure dimension requirements were deemed 

met. The evaluation continued with the Activity dimension, discussed in the next section.  

4.6.5.3 ACTIVITY DIMENSION 

The Activity dimension was evaluated via three criteria (see Table 22). 

Table 22 

Activity Dimension Evaluation Criteria and Corresponding Evaluation Techniques for I2 

Evaluation 

criteria Evaluation Method 

completeness Level of completeness in performing the activity 

consistency Control obviousness 

performance Transition 
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The artifacts' Completeness was evaluated via the ability of the artefact components to achieve 

the required functionality during the demonstration. The whole artefact performed within 

expectations, and the participants had positive comments and suggestions about improving its 

functionality, for instance, improving the spatial navigation and AR component consistency. 

The Completeness criterion was considered met due to its full functionality regarding the 

activity. 

The Consistency criterion was evaluated via the Control obviousness during the activities of the 

participants. The Performance was evaluated via the Transition theme. The observation showed 

that most of the time during the demonstration, the participants were confident using the artefact 

when exposed to variations, such as the setting, as the testing was conducted in-situ and in a 

simulated environment, or prolonged constant use. The performance met the expectations with 

fluid transitions and quick loading times. It was very responsive and quick in recognising the 

AR targets. Some participants reported rare instances of flickering AR overlays, which were 

rare and did not affect the overall performance and will be considered for future improvements.  

The artefact was dependable and performed within the standards and expectations, showing 

persistent performance and consistency across the evaluation. The benefit of this was 

preventing any possible confusion and annoyances or unwanted behaviours. Even though the 

artefact performed as expected and was consistent during the activity, because it was not 

deemed complete, the requirements for the Activity dimension were partially met. As a critical 

component of the solution, the AR component was evaluated via the four types of AR 

evaluation techniques (Billinghurst et al., 2015). The findings presented above confirm that it 

meets the requirements of the solution. 

To conclude the I2 evaluation, the artefact overall performed as expected in most evaluation 

criteria providing consistent experiences and performance. However, some of the requirements 
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were only partially met. The app v2 artefact’s stability and performance showed that it could 

be used as a solid base for implementing the Gamification component. As with I1, the 

construction works on the building where the tour was initially hosted affected the development 

velocity and the in-situ evaluation.  

The objectives of the solution were addressed per the following: The First objective of the 

solution of being able to answer the RQ2 was not met. The Second objective of the solution of 

being able to replicate the traditional tour on the mobile device was partially met. The Third 

objective was met as the solution being culturally and ethically appropriate and approved met 

the requirement. As the solution was not made available to a larger public and was only 

internally tested, the Fourth objective was partially met. It was easy to use and offered enhanced 

experiences. The Fifth objective for the solution for this iteration was met by disseminating the 

findings at The 17th International Conference on Virtual-Reality Continuum and its 

Applications in Industry conference (Vasilevski & Birt, 2019a), which effectively concluded 

the second iteration as the last phase of the DSRM process. Overall, the evaluation was partially 

successful, and the artefact was considered that has partially met the requirements. The final 

conclusions are presented in the next section. 

4.6.6 SECOND ITERATION CONCLUSION 

This section concludes the second iteration of the DSRM process. The artefacts’ DSRM 

evolution was presented, building upon the I1 instantiation to the solution. The design and 

development were presented, and the artefact was used to demonstrate its capability as a 

solution to the problem. The artefact was evaluated, resulting in a highly useable and stable 

instantiation of the artefact. Nevertheless, the evaluation showed that the I2 instantiation of the 

artefact could only partially solve the problem as it partially met the objectives. Therefore, 
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another instantiation of the artefact was required to address the issues raised during the 

evaluation and the development and to meet the objectives as completely as possible 

I2 resulting in positive outcomes facilitated the beginning of the next iteration and design and 

development of the next instantiation of the artefact. The next iteration would implement 

updates and improved capabilities. The major planned implementation was the Gamification 

component, as the app v2 was ready to receive that upgrade. The beacons implementation was 

not deemed critical at this stage and was postponed for a future fourth iteration. The focus for 

the next iteration shifted to gamification as a critical component. Finally, the I2 outcome artefact 

in our research is in producing the app v2 as a highly usable and successful implementation of 

the AR component. The main findings were published at presented at the Virtual Reality 

Continuum and its Applications in Industry 2019 conference (Vasilevski & Birt, 2019a). The 

third iteration of the DSRM is presented in the next section.   
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4.7 THIRD ITERATION  

Following the previous chapter, this chapter presents the third iteration (I3) of the DSRM 

development. This section begins with the updates to the solution design, functionality, and 

optimisations employed to enable the full integration of the Gamification component. Followed 

by the demonstration setup and execution of the usability testing conducted with student 

participants, the lessons learned are also presented. Like the previous one, this iteration is design 

centred, as it begins with the design and development phase, unpacked next.  

4.7.1 THIRD ITERATION DESIGN AND DEVELOPMENT  

 

The third iteration began with the design and development of the third instantiation of the 

primary artefact. The main upgrade in this iteration was the implementation of the gamification 

element. The Gamification was implemented within the AR scanning of the paintings and 

introduced the service enhancement in the form of gamefulness to the activity. The micro-

location gamification scenario was the Treasure hunt for hidden features (Vasilevski et al., 

2018). The gamification elements (game affordances) that were introduced consisted of points, 

badges, title and progress. The I2 iteration introduced the AR features specific to each painting, 

such as rocks, people or camps. Building on that, in this iteration, one of those painting specific 

features was hidden and would become visible if found. To find the hidden feature, the player 

would have to tap on the specific part of the painting that represented that feature while in AR 
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and target-found mode. The gamification elements used in I3 are explicated in the literature 

review (see section 2.4.4). The gamified task for the player was to carefully listen to the 

narration, which included clues on what the hidden feature might be and where it is. Once the 

player finger-taps within the hidden feature boundaries, the feature would show up, and the 

player would be rewarded a point (a blue circle with a white ribbon) (see Figure 48). Upon 

collecting all the blue points, the player would be rewarded a badge for finding all the hidden 

features in the form of a dark brown circle representing indigenous motifs (see Figure 48).  

The act of scanning a painting would also reward the player a point (a green circle with a white 

checkmark). Note that the green point indicators are the same ones used in the previous 

iterations. These were also used as gamification mechanic (affordance). Collection of all the 

green points meant the tour was completed, for which the player would receive a badge. Initially, 

an option to share the badges on social networks was planned. However, sharing over social 

networks was not implemented due to the ethics and copyright issues unpacked in the 

limitations section (see section 6.2). While using the app, the player could track their progress 

on the progress view, introduced in this iteration, as well on other screens and through the points 

collected.  

Figure 48 

Points and Badges 

      

Note: From left to right: Painting Found point, Feature Found point, Explorer badge (tour completed) 

and Adventurer badge (found all hidden items). 
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The second update was in the interface changes and the app as a whole, derived from an analysis 

of the usability data from the second iteration, discussed in the next section. 

4.7.1.1 LOGIC AND UI DESIGN UPDATES 

The overall visual appearance of the user interface of the I3 artefact underwent only minor 

visual changes. The icons were optimised in parallel with the programming part and hierarchy 

in Unity without changes in the visual appearance. The sprites (images) for the gamification 

points were implemented as well as the new badges. The player was able to track the progress 

of the gamification on the new Progress view, introduced in this iteration, and on the Main and 

Map views. The new Progress view compared to the original concept is presented in Figure 49.  

Figure 49 

App v3 Progress View Compared to the Mockup from App v1 

  

Note: On the left, the concept from app v1. On the right is the Progress view. Please note that the 

badges’ transparency changes depending on the progress. 

The view consisted of a title, two text boxes, a circle indicator and two badges indicators. The 

two blue and green concentric circles indicated the progress of the points received, with green 
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and blue arcs respective to the points. The transparency of the badges indicators changed 

dynamically depending on the number of points found, from barely visible with no points 

earned to fully opaque after earning all the points. This view allowed the player to track all 

progress visually within one view.  

The progress was also indicated in the updated Gallery view, which now included adding blue 

point indicators over the painting thumbnail upon receiving one. It also added the Progress view 

button to the top left of the view (see Figure 50). 

Figure 50 

Implementation of the Gamification Points Across the Views  

 

Note: App v3 Gallery view (left) with the Progress view button on the top left, Map view (middle), 

and the Map view when zooming in (right). 

The Map view also indicated the progress as it was updated with the blue points indicators (see 

Figure 50). These were all the visual changes applied to the interface, and the visual appearance 

of the other views was not changed. The intended integration of the About view concept from 

the first iteration was not performed to sustain the development velocity as it was not a critical 
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feature. In summary, the main interface updates were the introduction of the Progress view and 

the implementation of point indicators in the Gallery and Map views. 

The above interface changes followed the changes in the logic of the application. The model 

artefact of the logic flow from the second iteration was updated to reflect these changes (see 

Figure 51) (for I2 see Figure 42 and for I1, see Figure 29).  

The player was now able to open the Progress view, and the Gallery and Map views were 

updated upon receiving a point. The rest of the application logic remained the same as in the 

second iteration. All the above updates and changes integrated into the app were put to the test, 

which is discussed in the next section. 

Figure 51 

Simplified Updated Execution Logic Flow Chart of the Model Artefact Representing the Logic Flow of 

the App v3 
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4.7.2 THIRD ITERATION DEMONSTRATION  

 

The demonstration was performed in situ in the same setting as the second iteration, in a 

building at a university campus in Gold Coast, Australia. As the building construction works 

were not complete, the same two corridors of level three, with six of the paintings on display, 

were utilised for the demonstration (see Figure 45).  

The in-situ demonstration was carried out with postgraduate construction students as a part of 

the construction course curriculum during a lesson on VR and AR experiences within the 

January semester of 2019. This population was selected due to the availability of the group. It 

is also noted that the focus of the demonstration was not the construction industry. The 

institution's ethics committee granted ethics clearance before running the lesson.  

The lesson's goal was to extend the learning outcomes of a current construction course of 

professional skill development, taking students to real-world environments. The structure of the 

lesson was a lecture followed by hands-on. After the lecture was delivered, the students were 

grouped into groups of 4-6 and participated in the hands-on activities, including the AR activity 

as Corrigan Walk tour with the app (see Figure 52). Because the activity was set in a built 

environment place, one of the main objectives of the hands-on was to take the students' 

experience to a higher level. This was enabled by studying factors such as the concept of place 

as a service system and its ethereal aspect, the Sense of place as the psychological bond with it.  
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Figure 52  

Demonstration and Testing of the App v3  

   

Note: Photos of the participants during the AR tour part of the demonstration and testing of the app v3.  

The participants were asked to complete a 300-500 words reflective essay within the two weeks 

period after the session. The essay was part of the participants’ course assessment process.  

The essays represented students’ reflective opinions on the lesson; in this case, their AR 

experiences linked back to the construction industry. The researcher was provided access to the 

essays submitted by the participants per the obtained ethics approval. The methodology used 

differed from the first and second iterations and is discussed in the next section. 

4.7.2.1 METHODOLOGY 

The sample size of the participants for the third iteration was forty-four postgraduate students 

(n=44). The participant demographics are presented in Table 23. The sex distribution of the 

sample was 39% male and 52% female participants, with 9% undisclosed. Most of the 

participants' age was 25-34 (71%), followed by age 18-24 (23%), and only one participant age 

was in the 35-44 (7%) group. Participants came from diverse cultural backgrounds, such as 

Australia, India, the USA, and Norway, with the majority being from China (75%). The values 

presented reflect the broader population of the postgraduate construction program offered at the 

institution at the time of the measurement.  
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Table 23 

Sociodemographic Characteristics of Participants  

 Frequency %  Frequency % 

Sex  Highest level of education completed  

Male 17 39 High School or equivalent 2 5 

Female 23 52 Vocational/Technical School (2y) 1 2 

Undisclosed 4 9 College/University 4 9 

   College/University Graduate (4y) 12 27 

Age   Master's Degree (MS) 21 48 

18-24 10 23 Undisclosed 4 9 

25-34 31 71    

35-44 3 7 Technology Competence   

   Extremely competent 7 16 

Country of residence   Moderately competent 21 48 

China 33 75 Slightly competent 7 16 

Australia 3 7 Neither competent nor incompetent 3 7 

United States of America 2 5 Slightly incompetent 2 5 

India 1 2 Undisclosed 4 9 

Norway 1 2    

Undisclosed 4 9 Primary mobile platform   

   Android (Google) 11 25 

Employment   iOS (Apple) 29 66 

Yes 5 11 Undisclosed 4 9 

No 23 52    

No, but used to be 12 27    

Undisclosed 4 9    

Note: Frequencies and percentages of sex, age, country of residence, employment, technology 

competence and the primary mobile platform reported by the participants. 

The participants self-evaluated their “competence when using technology” from extremely 

incompetent to extremely competent. The majority of the participants (79%) reported being 

slightly to extremely competent when using technology. The majority of the participants (66%) 
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also reported their primary mobile platform being iOS (Apple), followed by Android (25%) and 

9% undisclosed. 

The experts were also consulted for this iteration. However, this was without any formal data 

collection and analysis. The experts' group remained the same from the previous iterations, 

consisting of Indigenous culture expert, User-experience expert, Service-marketing expert, 

Sense of place expert, and Exhibit organization expert, which represented the institutional 

stakeholder group. The participants represented the target user population.  

The experimental design of the intervention was a quasi-experimental, single group, repeated 

measures design. The data collection was performed pre- and post-intervention. Mixed methods 

explanatory research methodology was used where the quantitative data collection and analysis 

have the priority, rationalised in detail in the Methodology chapter (see section 3.3). The 

qualitative data was used to gain in-depth insights into the findings (Creswell, 2013). The first 

survey was administered after completing the onboarding process and just before the start of 

the tour. The second survey was administered after the tour completion.  

The pre-intervention instrument contained the Sense of place Questionnaire (Jorgensen & 

Stedman, 2001) and some demographic questions. The post-intervention instrument consisted 

of detailed demographic, behavioural outcomes, psychological outcomes, usability and 

Extended Reality User Experience (XR-UX) questions. Most of the variables in the instrument 

were numerical, with five textual variables, from which two were reflective comments on the 

usability and the XR-UX dimensions. The instrument was administered as an online Qualtrics 

questionnaire (www.qualtrics.com), and as per the ethics clearance, the data collection was 

anonymous. The instrument questions are available in APPENDIX 8.5. The data analysis was 

performed by inferential and descriptive statistical methods in IBM SPSS statistics package 

version 26.0.0.1. 

http://www.qualtrics.com/
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The individual use of the application and the behaviours of the players were also observed, 

followed by informal five minutes chat in a focus group style at the end of the activity (Pernice, 

2018), which, due to the time constraints, focused on the learning outcomes and not regarding 

the app itself. This data was gathered in the form of observation and comments notes. 

The qualitative data was employed to explain the findings of the quantitative survey. The 

reflective essays and the reflective comments from the survey instrument were analysed by 

using thematic analysis (Braun & Clarke, 2006). Twenty-three reflective essays were received 

from the subject convenor that documented students’ learning and was their reflection on 

linking their lesson experience to the construction industry. Participants’ comments were 

treated as an individual case per participant. Forty-four reflective comments were available for 

the survey, in total sixty-seven data points. Emerging themes were coded in multiple passes and 

categorised and visualised. The analysis of the qualitative data was conducted in the NVivo 

software package version 12.6.0. 

The third iteration’s initial closed alpha testing was performed in simulated and real 

environments by the researcher with external help on diverse iOS and Android mobile devices. 

The usability testing established the baseline for further usability testing and evaluation. Upon 

reaching a satisfactory level of user experience, the application was updated to app v3 beta 

release for a wider testing audience (ISTQB, 2018). This app v3 revision included all the 

previously discussed updates and features changes. 

For the hands-on sessions, students were provided with Samsung Galaxy (S6, S7, S8) 

smartphones running on the Android Pie operating system. The devices were chosen due to 

their availability and to provide a consistent experience without introducing any unnecessary 

variance for all learners, as the devices offer almost identical experiences. The participants were 

provided identical Arctic SteelSeries over-ear headsets to prevent sound pollution or 
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interference with the activities at the location. This also allowed for a fully individualised 

experience. 

The digitally augmented tour for the experiment used the Corrigan Walk app v3 build 190311 

beta release. The app featured badges, hidden features and progress as gamification elements 

implemented in the form of a treasure hunt gamified scenario, highlighting the micro-location 

element of the implementation (Vasilevski & Birt, 2019b).  

The students were introduced to the app via a detailed accelerated onboarding process twice to 

eliminate the novelty and new-user bias. The students were given 10 minutes of onboarding 

during the lecture and before using the app. They were presented with how to use the app 

through a step-by-step walkthrough of all the app features. The goal and objectives of the app 

were presented to the participants before using the app. However, nothing about the indigenous 

culture or the paintings was discussed before the tour to allow the participants to discover and 

interpret this information through the app use.  

The usability was evaluated using an adapted questionnaire of the ten constructs from Hoehle 

et al. (2016), the same concepts used in the first and second iteration evaluations (see Table 24). 

It is noted that even though the Font construct slightly violated the normality (skewness -0.983 

and kurtosis 0.115), it was included in the analysis. All items were measured on a seven-point 

Likert scale from strongly disagree to strongly agree. 

Table 24 

Usability Constructs and the Corresponding Items  

Construct Item Questionnaire Item 

Aesthetic 

graphics 

  

AEST1 Corrigan Walk app uses beautiful artwork.* 

AEST2 Corrigan Walk app uses rich, beautiful, and engaging graphics that draw 

you into the application.  

AEST3 Corrigan Walk app uses stunning graphics. 

AEST4 Corrigan Walk app benefits from beautiful and engaging graphics.  
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Construct Item Questionnaire Item 

Colour COL1 Corrigan Walk app uses appropriate colours. 

  COL2 Corrigan Walk app makes use of appropriate colours. 

 COL3 Corrigan Walk app has great colours. 

  COL4 Corrigan Walk app does not misuse colours. 

Control 

obviousness 

COOB1 Corrigan Walk app makes the main function of the application 

immediately apparent. 

COOB2 Corrigan Walk app uses intuitive commands. 

COOB3 Corrigan Walk app uses controls that are immediately obvious. 

COOB4 Corrigan Walk app employs controls that are intuitive. 

Entry point ENPO1 Corrigan Walk app can be accessed using two different ways. 

  ENPO2 Corrigan Walk app can be accessed via two different menus. 

 ENPO3 Corrigan Walk app can be started either through an icon or menu. 

  ENPO4 Corrigan Walk app is accessible using different icons or menu access 

points.  

Fingertip-

size controls 

  

  

  

FTSC1 Corrigan Walk app uses fingertip-size controls. 

FTSC2 Corrigan Walk app makes use of fingertip-size buttons. 

FTSC3 Corrigan Walk app uses large-size controls. 

FTSC4 Corrigan Walk app uses small controls that require you to aim carefully 

before you tap it. * 

Font FON1 Corrigan Walk app makes use of a good font. 

  FON2 Corrigan Walk app has a good font. 

  FON3 Corrigan Walk app uses a good font size. 

  FON4 Corrigan Walk app uses a font that I find appealing.  

Gestalt GEPR1 Corrigan Walk app uses similar shapes for elements that are identical. 

  GEPR2 Corrigan Walk app groups elements together that are similar. 

  GEPR3 Corrigan Walk app groups things that belong together. 

  GEPR4 Corrigan Walk app makes use of similar shapes for elements that are 

identical.  

Hierarchy HIER1 Corrigan Walk app has a well-defined hierarchical structure  

  HIER2 Corrigan Walk app uses a clear hierarchy. 

  HIER3 Corrigan Walk app makes use of headings to develop a hierarchy on the 

screen.  

  HIER4 Corrigan Walk app employs headings to establish a hierarchy.  

Subtle 

animation 

  

  

SANM1 Corrigan Walk app uses animations effectively to communicate content. 

SANM2 Corrigan Walk app uses animations appropriately. 

SANM3 Corrigan Walk app does not overuse animations. 

SANM4 Corrigan Walk app uses subtle animation to communicate content.  

Transition TRAN1 Corrigan Walk app informs you when it transits from one screen to 

another. 

  TRAN2 Corrigan Walk app tells the user when switching from one screen to 

another. 

  TRAN3 Corrigan Walk app moves from one screen to another without any 

problems. 

  TRAN4 Corrigan Walk app switches from one screen to the next smoothly. 

* the items were excluded from analysis during CFA 
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Extended Reality User Experience (XR-UX) via three dimensions: utility, engagement and 

experience (Vasilevski & Birt, 2020). XR-UX constructs and the corresponding items are 

presented in Table 25. 

Table 25  

XR User Experience Constructs and the Corresponding Items  

Construct Item Questionnaire item  

XR Utility UTL1 (Accessibility) AR visualisation is accessible or available for use at 

any time 

 

 UTL2 (Cost) Is affordable in terms of monetary cost or efficiency in terms 

of time 

 

 UTL3* (Use) Is responsive, robust, and stable (error-free) in use (e.g. there 

are no problems with motion sickness, frame rates, or general 

software bugs) 

 

XR 

Engagement 

ENG1 (Engagement) The novelty, aesthetics, or feedback focuses learner 

attention and involvement on the learning objective 

 

 ENG2 (Motivating) Is motivating making the learner want to complete the 

learning objective 

 

XR Experience EXP1 (Learnability) Allows accomplishment of the learning objective  

 EXP2 (Manipulability) Allows for interactive variable manipulation e.g. 

rotation, time, scene objects, etc. 

 

 EXP3 (Satisfaction) Provides confidence in meeting the learning objective  

 EXP4* (Memorability) Provides effective or ease of re-establishing 

proficiency of the learning objective after a period (length) of time 

of the activity 

 

 EXP5* (Navigability) Allows for spatial translation (movement) of your 

(the users) viewpoint 

 

 EXP6 (Visibility) Provides a clear interface design to observe (view) and 

interpret the learning objective 

 

 EXP7 (Fidelity) Provides an accurate representation of the real world 

(including visual, touch and sound) 

 

 EXP8 (Communication) Supports discussion of learning objectives 

between stakeholders (instructor, learners, others) 

 

 EXP9 (Creativity) Allows emergent, creative, playful discovery towards 

the learning objective 

 

* the items were excluded from analysis during CFA 

Three other concepts were measured concerning gamification service: facilitating factors and 

hedonic and utilitarian benefits adapted from Koivisto and Hamari (2014). This questionnaire 

consisted of constructs for facilitating factors, hedonic and utilitarian benefits, and it also 

contained a social benefits dimension. However, the social dimension was not included in this 
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thesis due to the individualistic nature of the experience, as well as not sharing the experience 

on any social network. The used constructs, items, and questionnaire items are provided in 

Table 26.  

Table 26 

Social, Hedonic and Utilitarian Benefits and Facilitating Features of the Gamified Service Constructs 

and the Corresponding Items 

Construct Item Questionnaire item 

Ease of 

Use 

EOU1* Using the Corrigan Walk app interface does not require a lot of mental effort 

 EOU2 The interaction with Corrigan Walk app is clear and understandable 

 EOU3 I find the Corrigan Walk app easy to use 

 EOU4 It is easy to get the interface of Corrigan Walk app to do what I want it to d 

Social 

Influence 

SINF1 People who influence my attitudes would recommend Corrigan Walk app 

SINF2 People who are important to me would think positively of me using Corrigan 

Walk app 

SINF3 People whom I appreciate would encourage me to use Corrigan Walk app 

SINF4 My friends would think using Corrigan Walk app is a good idea 

Playfulness PLAY1 Uninventive (reversed) 

 PLAY2 Unoriginal (reversed) 

 PLAY3 Unimaginative (reversed) 

 PLAY4 Playful 

 PLAY5 Curious 

 PLAY6 Creative 

 PLAY7 Flexible 

 PLAY8 Experimenting 

 PLAY9 Spontaneous 

Enjoyment ENJ1 The experience using the Corrigan Walk app and related activities is 

enjoyable 

 ENJ2 The experience using the Corrigan Walk app and related activities is pleasant 

 ENJ3 The experience using the Corrigan Walk app and related activities is exciting 

 ENJ4 The experience using the Corrigan Walk app and related activities is 

interesting 

Usefulness USEF1 Using Corrigan Walk app makes it easier for me to start the tour. 

 USEF2 Using Corrigan Walk app is useful for purposes of the tour. 

 USEF3 Using Corrigan Walk app enables me to accomplish more with regard to the 

tour. 

 USEF4 Using Corrigan Walk app enhances the effectiveness of the tour. 

 USEF5 I find Corrigan Walk app useful. 

Attitude ATT1 All things considered, I find using Corrigan Walk app is a wise thing to do. 

 ATT2 All things considered, I find using the Corrigan Walk app is a good idea. 

 ATT3 All things considered, I find using the Corrigan Walk app is a positive thing. 

 ATT4 All things considered, I find using the Corrigan Walk app is favourable. 

* The item was excluded from analysis during CFA 
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The facilitating factors dimension was reflected through the Ease of use construct, while the 

hedonic dimension consisted of Playfulness and Enjoyment. The Usefulness construct reflected 

the utilitarian dimension, and the social dimension was measured through the Social influence 

construct. The attitude towards the use of the app was measured via the Attitude construct. Four 

constructs consisted of four items, one of five items and one of eight items. All items were 

measured on a seven-point Likert scale from strongly disagree to strongly agree.  

The application of three AR evaluation techniques of the app: Qualitative analysis, Usability 

evaluation techniques and Informal evaluations, are in line with Billinghurst et al. (2015) AR 

evaluation guidelines. The demonstration was superseded by the evaluation phase, where, in 

the next section, the results are presented and discussed. 

4.7.3 THIRD ITERATION EVALUATION  

 

This section presents and discusses the analysis and evaluation of the results realised in each of 

the I3 demonstration activities. Because the demonstration was in-situ and with a larger number 

of participants, this I3 evaluation has evolved into a naturalistic and very close to summative. 

The path follows the Human Risk and Effectiveness curve path (Venable et al., 2016) (see 

Figure 53).  

 

D
is

ci
p

li
n

ar
y
 K

n
o

w
le

d
g

e 

M
et

ri
cs

, 
A

n
al

y
si

s,
 K

n
o

w
le

d
g

e 

H
o

w
 t

o
 K

n
o

w
le

d
g
e 

T
h

eo
ry

 

Identify the 

problem 

 
 

Increase of SOP 

to realise the 
benefits such as 

value increase, 

stewardship and 

interpretation.  

Define 

objectives of a 

solution 
 

Provide means 

of intervention 
on SOP by 

implementing 

GARM-L 
 

Answer the RQ 

 

Design and 

development 

 
 

GARM-L app 

available on both 
iOS and Android 

OS  

 

 
 

Use the 

constructed 
artefact for the 

purpose of the 

guided tour of 
indigenous 

artworks at Bond 
University 

Evaluation 

 

 
 

Observation, 

Interviews, 
Questionnaires, 

Focus Groups 
 

 

 
 

Publications, 

Presentations, 

Website 

In
fe

re
n

ce
 



   
 

253 
 

Figure 53 

Aspects and Trajectory of Evaluation for I3 

  

Note: The graph shows the evaluation trajectory of this research compared to other paths (Venable et 

al., 2016). Available under CC BY 4.0 licence. 

The main objective of the evaluation was to test the solution against the problem, and the 

secondary objective was to establish a baseline for further evaluation in the successive iterations 

if required. In the following sections, the demonstration results are presented first, followed by 

the discussion and conclusion. The following section considers the instrument’s reliability and 

validity. 

4.7.4 THIRD ITERATION VALIDITY AND RELIABILITY OF THE MEASUREMENT 

INSTRUMENT  

All the constructs were adapted from previously published sources as part of validated 

instruments. The component-based PLS-SEM, SmartPLS software version 3.3.0, was used to 

analyse the measurement and path model (Hair Jr et al., 2016). All constructs used were 

reflective, given the assumption of the latent variable (construct) as a cause for the indicators 

(items).  

Naturalistic 

Artificial 

Formative Summative 

Legend:  

= Design/Construct 
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= This evaluation episode 
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A confirmatory factor analysis (CFA) was conducted to assess the convergent validity, 

reliability, and discriminant validity of the scales. Convergent validity refers to the degree of 

positive correlation of a measure with the alternative measures of the same construct (Hair Jr et 

al., 2016). The convergent validity was evaluated via three metrics: Cronbach’s alpha, 

composite reliability (CR) and average variance extracted (AVE), making sure that the loadings 

of all items were highest with their respective constructs.  

The thresholds for the metrics in the relevant literature are the following: AVE should be greater 

than 0.5, CR greater than 0.6 and Cronbach’s alpha above 0.7 (Fornell & Larcker, 1981; 

Nunnally, 1978). The instrument’s convergent reliability was evaluated through Cronbach’s 

alpha coefficient, which provides a reliability estimate based on the inter-correlations between 

the observed indicator variables. As per (Nunnally, 1978), Cronbach’s alpha estimations for all 

items exceeded the threshold of 0.7. The AVE of all the constructs was higher than 0.5 (Fornell 

& Larcker, 1981). All values for composite reliability (CR) values were above the threshold of 

0.7 (Fornell & Larcker, 1981). See Table 27 for the details. 

Discriminant validity refers to the “extent to which a construct is truly distinct from other 

constructs by empirical standards” (Hair Jr et al., 2016, p. 138). By establishing discriminant 

validity, the distinctiveness of the construct is suggested and that the construct represents 

phenomena that are not portrayed by the other constructs of the model. 

Discriminant validity was assessed via three criteria. First, discriminant validity was evaluated 

via the Heterotrait – Monotrait (HTMT) ratio of correlations criterion. As per Henseler et al. 

(2015), no ratio between two constructs exceeded the 1.00 threshold for discriminant validity. 

Second, the inter-correlation between constructs did not exceed 0.9, which is in line with Pavlou 

et al. (2007). Third, discriminant validity was assessed by confirming that all items had the 

highest loading with their corresponding construct.  
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Table 27 

Convergent Validity and Reliability of the Scales  

 
C’s Alpha Rho_A CR AVE 

Mobile App Usability     

1.Aesthetic graphics  0.910 0.912 0.911 0.773 

2.Color 0.935 0.938 0.935 0.784 

3.Control obviousness  0.941 0.947 0.942 0.802 

4.Entry point 0.969 0.970 0.969 0.886 

5.Fingertip-size controls 0.955 0.958 0.956 0.878 

6.Font 0.978 0.978 0.978 0.916 

7.Gestalt 0.956 0.961 0.956 0.846 

8.Hierarchy 0.966 0.966 0.966 0.876 

9.Subtle animation 0.945 0.950 0.946 0.814 

10.Transition 0.915 0.918 0.915 0.729 
     

XR-UX     

XR Engagement 0.879 0.879 0.879 0.784 

XR Experience 0.918 0.92 0.918 0.617 

XR Utility 0.808 0.814 0.810 0.681 
     

Gamification Service Dimensions    

1.Ease of Use 0.887 0.889 0.887 0.725 

2.Social Influence 0.937 0.937 0.937 0.788 

3.Playfulness 0.932 0.932 0.932 0.694 

4.Enjoyment 0.928 0.929 0.928 0.764 

5.Usefulness 0.938 0.941 0.938 0.753 

6.Attitude 0.926 0.931 0.926 0.758 

* C’s Alpha – Cronbach’s alpha, Rho_A – Reliability Coefficient, CR – Composite Reliability, AVE – 

Average Variance Extracted 

All three evaluations suggest that the discriminant validity and reliability are satisfactory. To 

summarise, this section evaluated the instrument scales and suggested satisfactory reliability 

and validity. The next section considers the results from the data collected via these instruments. 

4.7.5 THIRD ITERATION RESULTS 

Below are presented the results of the demonstration. First, the quantitative results are presented 

and analysed, followed by the qualitative results. Usability was tested via the Usability 
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questionnaire, the experience in AR was tested via the XR-UX questionnaire, and the gamified 

service dimensions were tested via the six respective constructs. The descriptive statistics of 

the results’ analysis are presented below in Table 28.  

Table 28 

Descriptive Statistics for the Constructs  
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Aesthetic graphics  42 4.222 0.263 3.691 4.754 4.167 1.706 6.000 -0.366 -0.873 

Color 42 4.554 0.265 4.018 5.090 4.875 1.720 6.000 -0.548 -0.707 

Control obviousness  42 4.452 0.261 3.925 4.980 4.750 1.692 6.000 -0.531 -0.700 

Entry point 42 4.607 0.249 4.104 5.110 5.000 1.615 6.000 -0.625 -0.409 

Fingertip-size controls 42 4.849 0.266 4.312 5.387 5.333 1.725 6.000 -0.775 -0.290 

Font 42 4.988 0.248 4.487 5.489 5.750 1.609 6.000 -0.983 0.115 

Gestalt 42 5.161 0.228 4.701 5.620 5.750 1.475 5.250 -0.811 -0.412 

Hierarchy 42 5.214 0.220 4.771 5.658 5.750 1.423 5.000 -0.707 -0.384 

Subtle animation 42 5.179 0.213 4.749 5.609 5.750 1.380 5.250 -0.886 -0.030 

Transition 42 4.946 0.211 4.520 5.373 5.375 1.369 4.750 -0.417 -0.870 

Usability 42 4.817 0.197 4.420 5.214 4.983 1.274 5.080 -0.622 -0.217 

           

XR Engagement 41 5.709 0.182 5.342 6.077 6.250 1.195 3.750 -0.557 -0.907 

XR Experience 41 5.744 0.161 5.419 6.070 5.500 1.057 3.750 -0.669 -0.053 

XR Utility 41 5.859 0.137 5.582 6.136 5.929 0.900 3.000 -0.655 -0.362 

XR-UX 41 5.811 0.143 5.523 6.099 6.046 0.936 3.140 -0.615 -0.634 

           

Ease of Use 42 5.571 0.169 5.231 5.912 5.750 1.092 4.000 -0.367 -0.712 

Social Influence 42 5.411 0.154 5.100 5.721 5.750 0.997 4.000 -0.499 -0.644 

Playfulness 42 4.825 0.117 4.588 5.062 4.778 0.760 3.890 0.598 0.818 

Enjoyment 42 5.700 0.200 5.400 6.000 5.900 1.000 4.300 -1.000 0.300 

Usefulness 42 5.800 0.200 5.500 6.100 6.000 1.000 3.200 -1.000 -1.000 

Attitude 42 5.869 0.139 5.588 6.150 5.875 0.901 3.000 -0.359 -0.550 

Hedonic Dimension 42 5.249 0.125 4.997 5.501 5.174 0.807 3.940 -0.450 0.488 

Utilitarian Dimension 42 5.667 0.146 5.376 5.946 5.963 0.937 3.400 -0.529 -0.775 
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To test the hypothesis that the constructs’ means in recruited subjects were greater than normal, 

defined as a midpoint score of 4.0, a robust one-sample one-tailed t-test was performed. Before 

conducting the analysis, the assumption of normally distributed difference scores was examined. 

As can be seen in Table 28, the assumption was considered satisfied, as none of the skewness 

and kurtosis scores exceeded the thresholds allowed for t-test (skewness <|2.0| and kurtosis 

<|9.0|) as per (Schmider et al., 2010).  

Mean Usability score (4.817±1.274) was higher than the normal of 4.0, with a statistically 

significant difference of 0.817 (95% CI, 0.420 to 1.214), t(41) = 4.185, p < 0.001. Thus, the 

Usability mean was statistically significantly higher than the threshold of 4.0. The effect size 

was estimated at d = 0.64, which represents a medium to large effect based on Cohen (1992) 

guidelines. 

A robust one-sample one-tailed t-test was run to determine whether the XR-UX score in 

recruited subjects was greater than normal, defined as a midpoint score of 4.0 (Vasilevski & 

Birt, 2020). Mean XR-UX score (5.811± 0.143) was higher than the normal XR-UX score of 

4.0, a statistically significant difference of 1.811 (95% CI, 1.523 to 2.099), t(42) = 12.680, p < 

0.001. Therefore, the XR-UX mean was statistically significantly higher than the threshold of 

4.0. Cohen’s d was estimated at d = 0.7, which represents a medium to a large effect (Cohen, 

1992). The correlations between Usability and gamified service constructs (see Table 29), 

Usability and XR-UX (see Table 30) and XR-UX construct against gamified service constructs 

were tested (see Table 31).  

The significant correlations are presented in the corresponding tables. The correlation between 

Usability and XR-UX was tested against SOP post-measurement values, and the significantly 

correlated construct is presented in Table 32. 
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Table 29 

Significant Correlations Between Usability and Gamified Service Constructs 

*Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed). 

Table 30 

Significant Correlations Between Usability and XR-UX Constructs 
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XR Utility 0.437** 0.488** 0.480** 0.554** 0.674** 0.580** 0.567** 0.612** 

XR Engagement 0.507** 0.636** 0.504** 0.651** 0.637** 0.565** 0.638** 0.633** 

XR Experience 0.484** 0.606** 0.499** 0.623** 0.692** 0.586** 0.619** 0.649** 

XR_UX 0.503** 0.616** 0.521** 0.645** 0.712** 0.610** 0.642** 0.670** 

*Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed). 
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Control obviousness    0.337*     

Entry point   0.404**   0.376*  

Fingertip-size 

controls 
  0.307*     

Font  0.310* 0.363*   0.370*  

Gestalt 0.317* 0.448** 0.550** 0.451** 0.394** 0.550** 0.392* 

Hierarchy  0.406** 0.494** 0.402** 0.347* 0.496** 0.369* 

Subtle animation  0.413** 0.355*  0.382* 0.413**  

Transition 0.319* 0.552** 0.597** 0.528** 0.445** 0.628** 0.433** 

Usability 
 

0.362* 0.470** 0.327* 
 

0.460**  
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Table 31 

Significant Correlations Between XR-UX Constructs and Gamified Service Constructs 

N=41 Entry point Gestalt Hierarchy 

Subtle 

animation Transition 

XR Utility 0.318* 0.401** 0.403** 0.330* 0.489** 

XR Engagement 
 

0.399** 0.415** 
 

0.448** 

XR Experience 0.325* 0.398** 0.446** 
 

0.502** 

XR_UX 0.334* 0.419** 0.453** 0.309* 0.513** 

*Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed). 

Table 32 

Significant Correlations of Usability and XR-UX Constructs with Sense of Place Post-measurement 

     BCa 95% Confidence Interval  

Pearson Corr. Sig. (2-tailed) Bias Std. Error Lower Upper 

Aesthetic Graphic 0.404* 0.013 0.001 0.153 0.095 0.689 

Colour 0.437** 0.007 0.006 0.150 0.104 0.735 

Entry Point 0.343* 0.037 0.016 0.186 -0.053 0.729 

Font  0.336* 0.042 0.019 0.182 -0.036 0.732 

Gestalt 0.596** <0.001 0.014 0.141 0.243 0.862 

Hierarchy 0.568** <0.001 0.012 0.144 0.207 0.857 

Subtle Animation 0.671** <0.001 0.010 0.143 0.298 0.906 

Transitions 0.581** <0.001 0.016 0.144 0.221 0.860 

Usability 0.536** 0.001 0.007 0.156 0.180 0.822 

XR Utility 0.415* 0.011 0.012 0.136 0.115 0.719 

XR Engagement 0.341* 0.039 0.020 0.125 0.023 0.635 

XR Experience 0.353* 0.032 0.014 0.140 0.044 0.654 

XR-UX 0.382* 0.020 0.014 0.136 0.066 0.685 

Note: Sense of place Post sample size was n=37  

*Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed). 

Regarding the qualitative results, the developed themes during the thematic analysis are 

presented below, representing participants’ experiences they had during the AR tour with the 

app v3. The themes were categorised into two categories: Hedonic and Utilitarian. There is 
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some expected overlapping between some themes and also between categories. Nevertheless, 

all themes exhibit uniqueness and value.  

The participants, in their responses, explicitly or implicitly indicated the themes. Therefore, all 

single word responses, such as “good” or “excellent”, were not included in the analysis because 

there was ambiguity about whether the comment relates to the app, the experience, or something 

else. It is worth noting that over 50% of the reflective comments were a single word.  

The Hedonic theme was the smaller of the two, containing 25% of the codes related to hedonic 

aspects of the activity/service, such as enjoyment generating an optimal or autotelic experience 

and behaviours (Hamari & Koivisto, 2015). It consisted of three themes: Gamification, 

Enjoyment and Good Experiences. Gamification and Enjoyment themes intrinsically fall under 

this category (Hamari & Koivisto, 2015), as well as Good (pleasant) Experiences themes.  

About 12% of the participants' codes stated that they had a good experience reflected via 

comments like “Great experience and very interesting” and “This week we had an amazing 

experience”. Five of the participants enjoyed the activity, stating, “Really enjoyed the app!” or 

“Liked listening to the stories and […] using the AR to identify paintings and objects.” 

Regarding the gamification implementation, some of the participants expressed positive 

opinions like “Really liked the badges (achievement system) as well.” and “[…]very interesting, 

because it is just like a game. Every time you [find] the mark on the picture or catch the hidden 

information, you can earn a reward.” The Utilitarian category contained about 75% of the 

codes and related to the utilitarian, instrumental aspects of the service, such as productivity, 

efficiency and maximised ease of use (Hamari & Koivisto, 2015). The category contained three 

themes.  
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First, the Usability theme contained 28% of the codes regarding how usable the artefact was 

during the activity. Participants found the artefact to be very usable, “Good application with 

[an] intuitive interface", and “[…]simple to operate[…]” that “[…]functioned well as expected 

with AR assets displaying correctly”. They found that the “Visualisation technique [was] quite 

impressive.” and “It's [a] real and prompt reflection of the real world.” One participant stated 

that her “Arms will get tired [of] holding [the phone for] too long.”  

Second, the Usefulness theme was the largest theme, containing 34% of the codes with a sub-

theme titled Future Technology Applications. Participants found the artefact to be very useful 

in terms of the activity. This is reflected in statements like “It is [a] good tool to help people 

understand the things without have[ing a] tour guide talk to you.” and “Handy tool to be used 

in a guide[d] tour.” Moreover, commenting that it was “Nice to learn more about paintings 

that [I] [wouldn’t] normally [do]” and that it “Can be applicated in Many industrial 

[settings…]”, “[…] tourism [,] study and work” applications.  

Regarding the Future Technology Applications theme, many participants found that the 

technology holds a great potential by asserting, “I believe that it is a trend of development and 

it will have a profound [e]ffect on the whole society”. They also found many potential 

applications in many areas of life “[…]such as shopping, gaming, but also in the construction 

field and educational field.” One participant reflected, “[…]these techniques are invented to 

make our life easier not make it harder. Therefore, people should not be afraid of it and try to 

learn more about it.” 

Finally, the Technology Readiness theme contained the codes that were related to the 

unfavourable experiences that participants encountered with the artefact, containing 25% of the 

codes. Some participants felt that the technology is “not fully developed and still need[s more] 

time to be applied widely[…]” One participant complained that AR overlay at a few of the 
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paintings was not entirely stable at a distance, stating, “Need[s] to solve the scan shake when 

scan [at] certain distances.” Another participant complained of developing “a headache to 

stare at [the] screen for a long period of time” and “the AR was better used for a map feature 

which would direct you in real-time with arrows on the real environment rather than a static 

map screen.” Also, one participant suggested that the artefact needs “More Anim[a]tion”. This 

concludes the presentation of the results, which are discussed next.  

4.7.6 THIRD ITERATION DISCUSSIONS 

In this section, as in the evaluation sections of I1 and I2, the discussions are presented in a way 

that follows the evaluation structure proposed by (Prat et al., 2014). However, in this I3 more 

criteria were included due to the increase in the evaluation complexity. Three of the five system 

dimensions were tested: Environment, Structure and Activity dimensions. 

4.7.6.1 ENVIRONMENT DIMENSION  

Two of the three dimensions from the Environment dimension were evaluated (see Table 33). 

Table 33  

Environment Dimension Evaluation Criteria and Corresponding Means of Evaluation for I3 

Environment 

Dimension 

criteria Sub-criteria Evaluation Method 

Consistency with 

the environment 

Utility Utilitarian dimension (users) (i3+) 

Understandability Ease of Use (i3+), Graphics, Colour, Hierarchy, Entry 

point, Field testing Control obviousness 

Ease of use Ease of Use (i3+), Gestalt, Fingertip-size controls, Field 

testing,  

Ethicality Ethics board approval, interviews  

Side effects Control group testing (i4+) 

Consistency with 

the organisation 

Utility Utilitarian dimension (organisation) (i4+) 

Fit within 

organisation 

Interviews with experts, stakeholders 

Side effects Control group testing (i4+) 

Consistency with 

the technology 

Harnessing of 

recent 

technologies 

Technologies and techniques used (Mobile AR, iBeacons 

experiments) 

Side effects Control group testing (i4+) 
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First, the Consistency with the environment criterion was evaluated via three sub-criteria, while 

Side effects were not evaluated. Regarding the Utility sub-criterion, in the case of this 

gamification focused implementation, the service needed to increase the engagement with the 

tour and by using game elements to increase the motivation to complete the tour; the utilitarian 

aspect of gamification (Hamari & Koivisto, 2015). Furthermore, to retain more knowledge by 

performing interesting and engaging activities (Bandara & Ioras, 2016). In gamified services, 

the social, utilitarian, and hedonic elements are often more or less intertwined (Koivisto & 

Hamari, 2014; Lin & Bhattacherjee, 2008). For instance, social factors can also contribute to 

the perceived usefulness and enjoyment of the service (Koivisto & Hamari, 2014). Participants 

found the artefact to be very useful, reflected in the strong effect of the Utilitarian dimension 

construct at 1.751 (t(41) = 11.210, p<0.001). Usefulness also showed a strong correlation with 

XR-UX construct at 0.712 (p<0.001), as well as with its constituent constructs. This result was 

expected as the XR-UX relies on the aspects of engagement, experience and utility. The app's 

utility is supported by the observation that all participants completed the tour, and many 

expressed that they learned much about the indigenous culture. The Usefulness theme from the 

qualitative data further reinforces these findings as the participants found the app useful for 

performing the activity. The Utilitarian dimension construct had a strong positive correlation 

with XR-UX at 0.503 (p<0.001). The above is in line with Hamari and Koivisto (2015), as 

gamification is beneficial to the application's utilitarian aspect.  

The Ease of Use criterion was deemed met via the Ease of Use construct that displayed a very 

large effect size at 1.44 (t(41)=9.212, p<0.001). Moreover, as a utilitarian construct, Ease of 

Use was strongly positively correlated with XR-UX at 0.503 (p<0.001), reinforcing the notion 

that most participants found the artefact easy to use. This is important because it suggests that 

the introduction and added complexity of the gamification component did not detriment the 

ease of use to a detectable level within the environment. Even though the gamification 
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implementation was simple, which might be arguably a limitation for some or an advantage for 

others, the simplicity of the implementation may have been beneficial to the app’s ease of use 

as it did not introduce an overly complex layer (Morschheuser et al., 2018). This would be 

further investigated as the results did not provide strong enough evidence. The improvements 

in the artefact’s Gestalt and Fingertip-size controls from I2 have arguably been beneficial to the 

ease of use of the artefact, making it easy for users to pick the desired functions as per Hoehle 

and Venkatesh (2015). 

Understandability of the app was deemed to be at a high level. It was also reflected via the Ease 

of Use construct, further supported and differentiated by Aesthetics Graphics, Colour, 

Hierarchy and Entry point concepts scored highly as part of the Mobile Usability construct. The 

observation reinforced that most of the participants did not have any problems understanding 

the interface or the information presented. The ethics clearance did not change, and t was still 

in effect. Thus, the Ethicality sub-criterion was considered satisfied. With the above said, it can 

be concluded that the artefact was consistent with the environment.  

The Consistency with the organisation dimension was evaluated, excluding the Side effects sub-

criteria. Utility sub-criterion already passed the evaluation in the previous iterations as it was 

regarded to be very beneficial to the accessibility of the tour and the institution itself. During 

informal discussions with the experts in I3, some of them were convinced that the artefact 

integration in the institution’s offerings might prove very useful in enhancing the learning 

experience and the awareness of indigenous culture. Many of the students commented on the 

benefits for the organisation during the after-session group discussions. Furthermore, the 

artefact was included in the program for the upcoming university’s Open Day event. Therefore, 

it can be concluded that the artefact was Fit within organisation and was aligned with the 

organisational goals. 
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Two sub-criteria of the Consistency with the technology dimension were evaluated, excluding 

the Side effects sub-criterion. Regarding the Harnessing of recent technologies, the artefact 

design was building upon the best and latest research and practices in the industry and academia, 

evident in the references and techniques used. First, the latest multi-platform integration via 

Unity was implemented within the artefact, which proved to be beneficial beyond the expected 

outcomes of the demonstration. The AR provider Vuforia showed the best results of all the 

plugins tested and was deemed the best choice by the development community and most widely 

spread at the time of testing. The AR target scanning technique was performed as per the 

previous iteration. There was still a need for more research and experimentation with other 

techniques such as a point cloud or spatial anchors. The iBeacon technology was not evaluated 

in this round. The beacon component was in continuous parallel development, and final tweaks 

and optimisations were conducted. However, due to the limited space and the ongoing 

construction works, it was not implemented. The Environment dimension is external to the 

artefact, and it is about the people, organisation, and technology. The above findings suggest 

that the artefact entirely met these requirements. The following section discusses the evaluation 

of the internal structure of the artefact.  

3.1.2.2 STRUCTURE DIMENSION 

The Structure dimension was evaluated via all its criteria (see Table 34). 

Table 34 

Structure Dimension Evaluation Criteria and Corresponding Means of Evaluation for I3 

Evaluation criteria Evaluation Method 

Completeness Usability (i3+), components included and level of completion (i3+) 

Simplicity Hierarchy, Control obviousness, Accessibility (i3+), Ease of Use (i3+) 

Clarity Visibility (i3+), Hierarchy, Navigability (i3+), Fidelity (i3+) 

Style Aesthetic graphics, Font, Colour 

Level of detail Fidelity (i3+) 

Consistency Colour, Entry point, Fingertip, Font, Gestalt, Control obviousness, 
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The completeness of the app was evaluated via the field test and partially via the Usability 

construct. For the demonstration, the field test observations results show that all implemented 

components were performing as expected, and the high internal interoperability was supported 

via the Usability construct with a medium effect of 0.64 (t(41)= 4.156, p<0.001), with a median 

of 4.983. However, the artefact was not deemed completed due to the non-implemented beacon 

component that would provide extended micro-location and location verification for the artefact. 

Some of the participants noticed this in the missing location granularity in the Map view.  

Regarding the Simplicity criterion, the artefact’s simple and obvious hierarchy was reflected 

through the Hierarchy construct with a very strong effect size of 0.85 (t(41)= 5.528, p<0.001). 

The app hierarchy was obvious, and the views were titled and in a logical sequence. The users 

could perceive and navigate effectively through the mobile application interface’s structure, 

which is in line with (Hoehle et al., 2016). Hierarchy construct was positively correlated to XR-

UX construct 0.453 (p<0.001) as per literature showing the positive influence of the Hierarchy 

on the intention of continuous use and brand loyalty (Hoehle et al., 2016) as these two aspects 

fall under the user experience (Hassan et al., 2019). Though underperformed, the Control 

Obviousness shows a nonsignificant effect at a 95% confidence level, and interestingly, there 

is not a single comment on this aspect in the qualitative data. Arguably, the immediate 

obviousness of the controls was low due to the hidden items in AR, which presents a new way 

of interaction not afforded before, as well as the progress screen layout and accessibility.  

The Clarity and Level of Details criteria were directly observed and evaluated via the XR-

Experience concept, which contains two items directly related to Clarity: Fidelity and Visibility. 

XR-Experience supports Clarity with a very large effect at 1.65 (t(41)=10.693, p<0.001). Both 

Clarity and Level of Details were positively perceived by the participants, evident in the 

qualitative comments. This supports I2 findings of high clarity as the I3 artefact’s GUI and AR 
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interface undergo only minor tweaks compared to the I2 artefact. These two criteria were 

deemed met. 

The Style criterion was evaluated via the Aesthetic graphics, Font, and Colour constructs. 

Individually the Aesthetic graphics and Colour constructs both performed somewhat 

unexpectedly, having non-significant effects. There was much variance expected in the two 

constructs, as these are the most individually perceived ones, yet not to this extent. This is 

inconsistent with I2 findings, as the interface did not change noticeably, except for the addition 

of the Progress view and the change in the Map view. Thus, the finding vaguely suggests that 

maybe the aesthetics and colours of the Map and Progress views and gamification elements 

were the cause. Nevertheless, it had to be re-evaluated with a broader population and further 

in-depth investigated. The Aesthetic graphics and Colour quantitative results were not 

supported by the qualitative data either. In the qualitative data, most of the participants praised 

the aesthetics of the artefact, which suggests that possibly the questions asked per item should 

be modified, also suggested by the removal of the first item during the CFA of the instrument 

(see Table 27). The conclusion was that the Style criterion was not met. The Font evaluated via 

the Font construct, on the other hand, performed as expected, with a medium effect size of 0.61 

(t(41)=3.979, p<0.001). This confirmed I2 findings, as the font family, type and sizes were not 

updated. Font criterion was regarded as met. The internal Consistency was evaluated through 

the Gestalt construct, supported by the consistency of the Colour, Entry point, Fingertip size 

controls, and Font. The criteria were met as the effect size of the Gestalt construct was large at 

0.79 (t(41)=5.101, p<0.001). The supporting constructs also performed as expected. The 

artefact was internally consistent, and the criterion was satisfied.  

Overall, the Structure dimension is internal to the artefact as one complete, consistent structure 

with clear and stylish visuals. The above findings suggest that these requirements were partially 
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met. Subsequently, the artefact operation during the activity was evaluated and discussed in the 

next section.  

4.7.6.2 ACTIVITY DIMENSION 

The Activity dimension was evaluated via all the criteria (see Table 35). 
 

Table 35 

Activity Dimension Evaluation Criteria and Corresponding Evaluation Techniques for I3 

Evaluation 

criteria Evaluation Method 

Completeness Field testing (i3+), Utilitarian and Hedonic Dimensions (i3+), XR-UX(i3+), 

level of completeness in performing the activity 

Consistency Field testing (i3+), Control obviousness 

Accuracy Field testing (i2+), Attitude (i3+) 

Performance Field testing (i3+), Usability (i3+), Transition 

Efficiency Field testing (i3+), Usability (i3+) 

 

The Completeness criterion directly evaluated the level of completion and functionality of the 

components during the activity via the Utilitarian and Hedonic dimensions and XR-UX. 

Completeness also concerned the holistic completeness of the artefact, evaluated via the 

Usability construct. As above said, the iBeacon micro-location component was not 

implemented; however, analysis of the results will provide an insight into the necessity of that 

component. Regarding the gamification implementation, the artefact functioned above the 

expectations with very large effects of both, the Utilitarian Dimension construct at 1.78 (t(41) 

= 11.529, p<0.001) and Hedonic Dimension construct at 1.55 (t(41) = 10.030, p<0.001).  

The effects of gamification are also evident in the participants’ qualitative comments, where 

they generally liked the implementation and gamification affordances. This suggests that both 

the tour and participants might have benefited from the gamification component. However, this 
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suggestion needs further in-depth investigation. The AR component functionality was evaluated 

via the XR-UX construct, which also exceeded expectations evident in the large effect at 1.93 

(t(41) = 12.539, p<0.001).  

XR-UX construct showed a strong positive correlation with both dimensions of the gamified 

experience, Hedonic at 0.642 (p<0.001) and Utilitarian at 0.670 (p<0.001). This strong 

correlation suggests that gamification might have added to the experience or were affected by 

the same phenomena. However, that idea needs further unpacking. The Usability construct 

scored a strong effect at 0.64 (t(41) = 4.156, p<0.001), suggesting that the overall functionality 

of the artefact was satisfactory, and the criterion was met. Usability correlated positively with 

the Hedonic dimension at 0.460 (p<0.001), though not with the Utilitarian or XR-UX. This 

correlation suggests that positive, joyful experiences move in the same direction as the 

perceived usability of the system, as per the “Don’t forget the fun” principle (Werbach & Hunter, 

2012). However, this correlation needs more unpacking. Observation showed that the absence 

of the iBeacon micro-location component affected the functionality of the artefact, specifically 

the location and navigation through space. All other components operated as expected, with no 

detrimental effect on the activity. Therefore, the Completeness criterion was considered 

partially met. 

The Consistency criterion was evaluated via the field-testing observations that showed that the 

artefact and its components functioned consistently during the testing period, without major 

variations in performing the activities at the various locations and conditions. The only 

important issue was the target recognition in AR, where two of the less augmentable paintings 

would present intermittent momentary jitter and displacement of the overlay, at the darker areas 

of the building, under specific angles and proximities. This is partially consistent with the 

findings from I2, and despite all the efforts to fix it, it was unavoidable. The XR-UX and 
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Usability had large effect sizes supported in the qualitative data, with only a few comments 

about the jittering issue. Arguably the effect of this inconsistency on the user experience and 

the usability of the artefact was inconsiderable. Therefore, the consistency criterion was deemed 

met.  

The Performance and Efficiency criteria were evaluated only via observation. As per the ethics 

clearance, there was no metric tracking data gathered during the activity. The artefact proved 

to be very robust, and the performance was on a high level. The artefact was fast and seamless 

in loading and presenting the user interface and parallel back-end computations. The Transition 

construct had a large effect size at 0.74 (t(41)=4.812, p<0.001), which supports the fast and 

seamless transitions between the tasks and views showing high performance. 

Moreover, the artefact did not crash or freeze during the whole activity. The performance and 

the efficiency of the artefact were evaluated via the Usability construct. This construct 

performed within the expectations, having a large effect size at 0.64 (t(41) = 4.156, p<0.001), 

supporting the observations of excellent performance as well as efficiency. The artefact proved 

to be very efficient in battery charge conservation as a single device could be comfortably used 

three times to perform the whole tour on a single charge. For context, the tour took about 30 

minutes to complete. It is noted that the screen was continuously on, and most of the participants 

would stay on the AR Scan view introducing extra battery drain due to all the AR computations 

in the background. The artefact matched and outperformed most of the AR implementations 

that were tested in the development stage. The deep performance optimisations benefited the 

low CPU use and slow battery drain. The artefact performance and efficiency satisfied the 

evaluation criteria.  

The Accuracy criterion helps to prove how able is the artefact to fulfil its purpose. The 

observation and the qualitative results showed that all participants completed the activity and 
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enjoyed it while taking the tour. The attitude toward the acceptance and use of the technology 

can be determined by various utilitarian, hedonic and social benefits resultant from the 

gamification. Generally, the formation of attitudes is based on the belief that specific outcomes 

are associated with specific behaviours. In a gamification sense, an attitude toward the gamified 

service can be considered to affect the intention to use it (Hamari & Koivisto, 2015).  

The participants showed a positive attitude towards the use of the artefact during the activity, 

measured via the Attitude construct with a very large effect size at 2.07 (t(41)=13.443, p<0.001). 

This notion is reinforced via the qualitative data, where most of the participants liked using the 

app. Even though there was no option to share the experience on social networks, the social 

aspect and influence of the app are evident in the performance of the Social Influence construct, 

achieving a large effect size at 1.41 (t(41)=9.171, p<0.001). This suggests that participants 

would share their experiences with others, which was observed as some were taking screenshots 

of the badges or taking selfies with the paintings and sharing them on social networks. Another 

observation reinforcing the social aspect is that, even though the experience was individual, 

some of the participants would walk the tour in small groups and share their experiences 

between the painting stops. 

Overall, even though the artefact was partially completed, it was consistent and showed high 

performance and efficiency during the activity. The Activity dimension requirements were 

deemed partially met.  

To summarise, in the I3 evaluation, the artefact performed within the expectations and most of 

the evaluation criteria and requirements were met, while only a few were partially met and one 

was not met. Regarding the objectives, with minor updates brought by this evaluation, the 

solution would be ready for deployment, thus partially meeting the First objective of answering 

the RQ2. The Second objective was deemed as fully met, as at this stage, the solution is fully 
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capable of replicating the tour in a digital form. Regarding the Third objective, the situation did 

not change, and the cultural and ethical aspects were met. Even though the solution was not 

available to a broader public, the Fourth objective was partially met at this stage because it 

provided enhanced experiences to the participants and was easy to use. The Fifth objective was 

met by disseminating the findings via peer-reviewed via two peer-reviewed publications 

(Vasilevski & Birt, 2020, 2021). Finally, the evaluation was successful, and the findings 

suggested that the artefact partially meets the requirements and the objectives.  

4.7.7 THIRD ITERATION CONCLUSION 

This section concludes the last phase of the DSRM process in this iteration. First, the Design 

and development of the solution were presented, and then the ability to solve the problem was 

put to the test during the demonstration phase. The evaluation findings showed that the solution 

was reliable and easy to use, meeting most of the evaluation criteria and very closely missing 

the requirement targets. The gamification component and how it was implemented exceeded 

expectations with quality outcomes and powerful experiences. Moreover, using multiple 

methods per evaluation criteria proved to be very beneficial, providing insight from multiple 

aspects. This was also the case for using the mixed methods for the evaluation, where the 

qualitative data provided support to the quantitative or observation findings. However, the 

solution provided was partial, and it was decided that another instantiation of the solution is 

required to meet the requirements and the objectives completely. Therefore, the fourth 

instantiation of the solution was planned to be developed, building upon the I3 artefacts.  

The DSRM in this thesis is used to design and develop a solution that will enable answering the 

RQ1 while consequently answering the RQ2, which in short asks how to optimise for successful 

outcomes? The significance of this DSRM chapter is its contribution to the Information systems 

discipline. It presents a rigorous and verified process to a successful Gamified AR outcome 
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incorporating the latest and best practices and developments in the field, and side by side with 

the stakeholders, heavily relying on the user-centred design practice.  

Finally, the I3 outcome is a highly usable and successful implementation of the GARM-L. The 

next chapter will iterate the fourth and final instantiation of the solution, demonstrating and 

evaluating its ability to meet the objectives and solve the problem, which is service 

enhancement of the place service system with gameful experiences for value creation through 

SOP. Due to the complexity of the fourth iteration and the focus on the Sense of Place, this 

iteration is represented as Chapter 5.   
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        “I pass with relief from the tossing sea of Cause and Theory to the firm ground of 

Result and Fact.”  

― Winston Churchill, 

 

  

5 UNPACKING SENSE OF PLACE  
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This thesis endeavours to explore Sense of place change during performing gameful activities 

facilitated by micro-location technology and, at the same time, investigate the way the 

developers could optimise for successful outcomes in the context of this research. While the 

previous chapter provided comprehensive insight in the intricacies of the RQ2, this chapter 

focus falls on the RQ1:  

“Which predictors determine whether gamified augmented reality micro-location 

implementation at a place increases SOP?”  

This chapter represents a continuation of the Design Science iterative format used in the 

previous chapter, where this is the Fourth iteration (I4) Evaluation phase. This iteration’s 

artefact was evaluated on the ability to solve the problem that previous iterations failed to solve. 

Fundamentally, the problem defined for DSRM in the previous chapter is answering the RQ1. 

Due to the Mixed Methods (MM) Research design used (Creswell, 2013) (see Methodology 

chapter, section 3.2), the complexity of the analysis and the nature of the results, this Evaluation 

phase was extracted into a separate chapter and shifted the focus on SOP. The Results and 

Discussion sections are structured to follow MM Research explanatory sequence design. In this 

sequence, the findings of the quantitative analysis are presented first, followed by the qualitative 

analysis. In the discussion section, both are combined and discussed. The following section 

displays the results of the data collection and analysis.  
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5.1 RESULTS 

This section presents the results from the demonstration activities performed in the fourth 

iteration in the DSRM cycle (I4). The demonstration was conducted in-situ and with a larger 

number of participants (n=90). Therefore, the I4 evaluation was considered naturalistic and 

summative in nature, which aligns with the Human Risk and Effectiveness curve path (Venable 

et al., 2016) (see Figure 54).  

Figure 54 

Aspects and Strategies of Evaluation  

  

Note: The green path traces the evaluation strategy of this research compared to other paths (Venable 

et al., 2016). Available under CC BY 4.0 licence. 

The objective of this phase was to evaluate the artefact’s ability to solve the problem. Moreover, 

considering the level of completeness of the artefact, no further iterations were expected. 

5.1.1 PARTICIPANTS 

The number of participants was n=31 per group, or in total, the sample size of participants for 

the I4 iteration was ninety-three (n=93). The data was collected pre-intervention and post-

intervention. The matching data points were paired through the self-identifiable code at the 

Naturalistic 

Artificial 

Formative Summative 

Legend:  

= Design/Construct 

= Evaluation episode(s)     

= This evaluation  

 

https://creativecommons.org/licenses/by/4.0/
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beginning of the questionnaire. The total number of data points collected for the I4 was 289, 

which broken down by groups was 76 for the Control group (CG), 97 for the AR-only group 

(AR) and 116 for the Gamified AR group (GAR). It is noted that the participants were initially 

randomly assigned to equal group sizes. The data was scanned for empty data points, 

incomplete or missing pre- or post-measurements, and the data points that did not meet these 

criteria were removed.  

Furthermore, by removing the participants that ignored the reverse coded questions and outliers, 

the number of valid data points was narrowed down to 200 (100 pairs) or broken down per 

group; the numbers were: n=31 for CG, n=31 for AR and n=31 for GAR. ANOVA is relatively 

robust to the heterogeneity of variances in the case of equal cell sizes. However, violation of 

the previous assumption can have greater consequences with disparate cell sizes. Therefore, the 

last seven data point pairs were removed from the GAR group to match the other group sizes. 

The demographics of the population sample are presented in Table 36. 

The sex split in the sample was 34% male and 65% female participants, and 1% undisclosed. 

The sex distribution is biased towards the female sex and approximately represents the sex ratio 

of the original sample. To assure reliability, a series of statistical tests used in this study was 

conducted on both sexes separately and did not provide any significant differences, showing no 

significant variance in the correlations of the Sex variable to the dependent SOP variables. This 

potential threat to reliability is discussed in the Limitations section (see section 6.2). The age 

of most of the participants was in the 18-24 (72%) range, followed by ages 25-34 (23%), 35-44 

(4%), and only one participant age was in the 45-54 (1%) range, in line with a typical 

undergraduate environment.  
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It is noted that the age distribution has shifted to a younger population compared to the previous 

iteration. This time, most of the participants were in the youngest group compared to the Third 

Iteration (I3), where the 25-34 group was the largest as it consisted of postgraduate students.  

Table 36 

Sociodemographic Characteristics of Participants  

 Frequency %  Frequency % 

Sex  Highest level of education completed  

Male 32 34 High School or equivalent 36 39 

Female 60 65 Vocational/Technical School (2y) 19 20 

Undisclosed 1 1 College/University 18 19 

   College/University Graduate (4y) 17 18 

Age   Master's Degree (MS) 2 2 

18-24 67 72 Undisclosed 1 1 

25-34 21 23    

35-44 4 4 Technology Competence   

45-54 1 1 Extremely competent 16 17 

   Moderately competent 51 55 

Marital Status   Slightly competent 17 18 

Single 73 79 Neither competent nor incompetent 5 5 

Living with another 9 10 Moderately incompetent 2 2 

Married 6 7 Extremely incompetent 1 1 

Undisclosed 5 5 Undisclosed 1 1 

      

Employment   Primary mobile platform   

No 39 42 Android (Google) 63 68 

No, but used to be 28 30 iOS (Apple) 29 31 

Yes 25 27 Undisclosed 1 1 

      

Country of residence   Living Area   

Australia 32 34 Suburban 47 51 

China 21 23 Urban 39 42 

United States of America 14 15 Rural 6 7 

India 5 5.4    

United Kingdom 3 3.2 Time spent on campus   

Japan 2 2.2 Few days 33 36 

Malaysia 2 2.2 Most of the week 29 31 

Norway 2 2.2 The whole week 24 26 

Philippines 2 2.2 Several hours 4 4 

Other 9 9 A day 2 2 

Undisclosed 1 1 Undisclosed 1 1 

Note: Frequencies and percentages of sex, age, country of residence, employment, technology 

competence and the primary mobile platform reported by the participants. 
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Participants had diverse cultural backgrounds, such as China, India, USA, UK, Japan, and 

Norway, with the majority being from Australia (34%). This also represents a shift from I3, 

where the majority were students from China. 27% of the participants reported being employed, 

and 72% were unemployed, out of which 30% used to be employed. Regarding their 

“competence when using technology”, most participants (90%) self-reported as slightly to 

extremely competent when using technology.  

Regarding their primary mobile platform, most participants (68%) chose iOS (Apple), and 31% 

chose Android, with 1% undisclosed. 93% reported living in urban or suburban areas, while 7% 

lived in rural areas. Most of the participants (93%) spent a few days to a whole week on campus, 

while only a few spent a day (2%) or several hours (4%) per week. 

As in the I3, experts were informally consulted, as they had the chance to use the app to 

complete the tour. Their opinions provided valuable insight into the application's potential 

developments discussed in the Discussions section below (see section 5.2). The experts’ group 

did not change from the previous iterations, consisting of Indigenous culture expert, User-

experience expert, Service-marketing expert, Sense of place expert, and Exhibit organization 

expert. The following section presents quantitative results.  

5.1.2 QUANTITATIVE RESULTS 

The results of the Quantitative analysis of the data collected during the Demonstration phase 

are presented below. The results consist of the Sense of place analysis, Gamification 

Dimensions and XR-UX (User Experience) data. The SOP data was analysed through the three 

constructs representing the three dimensions, the Place Attachment (PA), Place Identity (PI) 

and Place Dependence (PD) (see Appendix 4).  



   
 

280 
 

The validity and reliability of the measurement instrument were not tested in this iteration due 

to the group sample size not providing sufficient power for the analysis. However, the 

instrument was validated in the third iteration (see section 4.7.4). All constructs used were 

adapted from previously published sources as part of validated instruments. Moreover, the 

sample size did not provide sufficient power to analyse the measurement and path model (Hair 

Jr et al., 2016) and perform a confirmatory factor analysis (CFA). The descriptive statistics of 

the per-group analysis are presented in Table 37, Table 38 and Table 39. 

Table 37 

Descriptive Statistics for the Sense of Place Constructs - GAR Group 

Cons. Mean 

95% CI for Mean 

Median 

Std. 

Deviation Range Skewness Kurtosis 

Std. 

Error 

Lower 

Bound 

Upper 

Bound 

PI_Pre 3.597 0.121 3.338 3.845 3.500 0.673 2.000 -0.081 -1.232 

PI_Post 3.686 0.111 3.452 3.911 3.500 0.626 2.250 0.136 -0.813 

PA_Pre 3.524 0.134 3.249 3.797 3.500 0.740 3.000 -0.134 -0.025 

PA_Post 3.637 0.153 3.349 3.951 3.500 0.836 2.750 0.308 -0.855 

PD_Pre 3.387 0.153 3.092 3.684 3.250 0.849 3.000 -0.043 -0.915 

PD_Post 3.597 0.155 3.301 3.900 3.500 0.856 3.000 0.030 -1.028 

SOP_Pre 3.293 0.068 3.155 3.436 3.333 0.382 1.500 -0.040 0.090 

SOP_Post 3.393 0.084 3.230 3.566 3.333 0.454 1.830 0.099 -0.612 

 

Table 38 

Descriptive Statistics for the Sense of Place Constructs - AR Group 

Cons. Mean 

95% CI for Mean 

Median 

Std. 

Deviation Range Skewness Kurtosis 

Std. 

Error 

Lower 

Bound 

Upper 

Bound 

PI_Pre 3.387 0.143 3.121 3.693 3.250 0.816 3.250 0.199 -0.478 

PI_Post 3.621 0.113 3.404 3.843 3.750 0.648 2.250 -0.219 -1.035 

PA_Pre 3.460 0.164 3.133 3.772 3.500 0.918 3.750 -0.524 -0.099 
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Cons. Mean 

95% CI for Mean 

Median 

Std. 

Deviation Range Skewness Kurtosis 

Std. 

Error 

Lower 

Bound 

Upper 

Bound 

PA_Post 3.686 0.135 3.413 3.938 3.750 0.769 3.500 -0.849 1.288 

PD_Pre 3.226 0.105 3.019 3.430 3.250 0.596 2.250 -0.019 -0.666 

PD_Post 3.282 0.128 3.021 3.521 3.500 0.697 3.000 -0.014 0.506 

SOP_Pre 3.234 0.101 3.024 3.427 3.333 0.558 2.580 -0.837 0.917 

SOP_Post 3.417 0.086 3.243 3.583 3.417 0.481 2.250 -0.927 2.202 

 

Table 39 

Descriptive Statistics for the Sense of Place Constructs - CG Group 

Cons. Mean 

95% CI for Mean 

Median 

Std. 

Deviation Range Skewness Kurtosis 

Std. 

Error 

Lower 

Bound 

Upper 

Bound 

PI_Pre 3.242 0.119 3.000 3.470 3.250 0.706 3.250 0.301 0.293 

PI_Post 3.355 0.157 3.036 3.638 3.250 0.919 3.250 0.008 -0.908 

PA_Pre 3.089 0.153 2.778 3.385 3.000 0.877 4.000 -0.089 0.221 

PA_Post 3.097 0.165 2.769 3.414 3.250 0.968 4.000 -0.060 -0.220 

PD_Pre 2.790 0.180 2.440 3.130 2.750 1.017 3.750 0.438 -0.375 

PD_Post 2.879 0.184 2.515 3.225 3.000 1.016 3.750 0.287 -0.754 

SOP_Pre 3.094 0.066 2.960 3.218 3.083 0.379 1.920 -0.142 1.560 

SOP_Post 3.094 0.096 2.905 3.279 3.250 0.568 2.670 -0.316 0.369 

 

The AR component user experience was tested via the UX-XR questionnaire previously used 

in I3 (see Table 25) via four constructs, XR Engagement, XR Experience, XR Utility, and 

XR_UX (User Experience). The data was only collected for the GAR and the AR group, as the 

CG did not utilise the mobile app. Per-group descriptive statistics for the XR-UX construct are 

presented below in Table 40 and Table 41.  

  



   
 

282 
 

Table 40 

Descriptive Statistics for the XR-UX Constructs - GAR group  

 

Mean 

95% CI for Mean 

Median 

Std. 

Deviation Range Skewness Kurtosis Construct 

Std. 

Error 

Lower 

Bound 

Upper 

Bound 

XR_Utility 4.077 0.174 3.739 4.422 4.250 0.868 3.000 -0.603 -0.565 

XR_Engagement 4.346 0.125 4.077 4.595 4.500 0.645 2.000 -0.585 -0.585 

XR_Experience 4.385 0.089 4.195 4.544 4.429 0.457 1.860 -1.002 0.751 

XR_UX 4.322 0.100 4.118 4.500 4.409 0.505 2.000 -1.106 1.240 

 

Table 41 

Descriptive Statistics for the XR-UX Constructs - AR Group 

 

Mean 

95% CI for Mean 

Median 

Std. 

Deviation Range Skewness Kurtosis Construct 

Std. 

Error 

Lower 

Bound 

Upper 

Bound 

XR_Utility 4.232 0.144 3.940 4.500 4.500 0.799 3.000 -1.308 1.352 

XR_Engagement 4.232 0.168 3.859 4.539 4.500 0.938 4.000 -1.935 4.472 

XR_Experience 4.189 0.134 3.887 4.429 4.143 0.715 3.710 -2.476 9.632 

XR_UX 4.205 0.131 3.915 4.436 4.318 0.713 3.640 -2.416 8.771 

 

The attitude towards the activity was also evaluated as well as the social influence of the activity 

via their respective constructs (see Table 26). As gamification was not used in the AR group, 

the hedonic dimension was not explored in that and in the CG group, where none of the 

constructs was measured. The results of the descriptive statistics analysis per the GAR group 

are presented in Table 42.  

Prior to conducting the analysis using any parametric tests, the normality of the distribution was 

verified using the D'Agostino and Pearson Omnibus test of normality (D'Agostino & Belanger, 

1990). The normality was tested in the Microsoft Excel package. All the SOP constructs met 

the test criteria except the PI_Pre in the GAR group with a very slight departure from normality 
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at K2=6.337, p=0.042, and PA_Post in the AR group at K2=6.132, p=0.047. All statistic 

calculations performed on these constructs included robust versions or were robust enough to 

account for this departure (Field, 2013). 

Table 42 

Descriptive Statistics for the Utilitarian and Hedonic Dimension Constructs 

 

 

Mean 

95% CI for Mean 

Median 

Std. 

Deviation Range Skewness Kurtosis Construct 

Std. 

Error 

Lower 

Bound 

Upper 

Bound 

Ease of Use 6.048 0.197 5.625 6.414 6.250 1.012 4.000 -1.709 3.190 

Social Influence 5.423 0.162 5.058 5.712 5.750 0.842 3.000 -0.086 -0.636 

Enjoyment 5.933 0.134 5.635 6.164 6.000 0.709 3.000 -1.219 1.801 

Usefulness 6.277 0.143 5.962 6.523 6.400 0.738 3.400 -2.114 6.163 

Attitude 5.462 0.291 4.885 6.010 6.000 1.545 6.000 -2.021 4.040 

Playfulness 5.321 0.154 5.030 5.633 5.111 0.776 2.440 0.272 -1.336 

UTIL 6.163 0.156 5.825 6.438 6.275 0.801 3.700 -2.149 6.051 

HED 5.627 0.129 5.360 5.867 5.646 0.660 2.470 -0.537 -0.142 

 

Apart from the assumptions of normality, linearity and the independence of the data from 

multiple groups should have the same level of variance. This homogeneity of variance is 

assumed for between-subjects, One-way ANOVA and was tested using Levene’s Test of 

Homogeneity of Variances (Field, 2013). Levene’s test returned a p-value not lower than 

p=0.118 (at p<0.05) for all XR constructs, thereby satisfying the assumption of homogeneity 

of variance between the measurements, as the variances for I3 and I4 XR constructs were not 

significantly different. 

To test the hypothesis that the introduction of the iBeacon component to the solution did not 

significantly impact the XR user experience, a one-way ANOVA was performed, where the 

means of the I4 XR constructs were compared against the I3 ones. The I4 XR-UX mean was 
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(M=5.891, SD=0.928) and I3 mean (M=5.811, SD=0.936). However, there was a 

nonsignificant effect of implementing the iBeacon component on the XR-UX in the I4, F(1, 

89.83) = 0.179, p = 0.673.  

The means for the other XR constructs were also not significantly higher for I4. Therefore, the 

null hypothesis (H0) was rejected and concluded that the beacons' implementation did not 

significantly impact the XR user experience. Consequently, it is safe to assume that the iBeacon 

component did not significantly affect SOP and gamification results.  

Sphericity is the similar relationship between scores in pairs of treatment conditions, “i.e., the 

level of dependence between means is roughly equal.” (Field, 2013, p. 844) Sphericity is 

assumed in repeated measures (within-subjects) experimental designs. However, sphericity was 

not tested, due to the two levels of the repeated measures, while the estimate of sphericity 

requires at least three levels.  

As described above, the between-subjects ANOVA assumes homogeneity of variance. 

Although the between-subjects ANOVA is robust to violations of the assumption of 

homogeneity of variance, this is only true when the sample sizes are equal. 

To test the hypothesis that the gamified AR experience could affect individual SOP more than 

AR only and more than the traditional way of taking the tour, a split-plot 3x2 repeated-measures 

ANOVA was conducted. The multivariate test results suggest that the activity as a whole had a 

small significant effect on the participant’s individual SOP, Wilks Lambda = 0.91, F(1, 90) = 

8.88, p = 0.004, η2 = 0.09. There was also a significant effect between the groups at F(1, 2) = 

4.12, p < 0.001, η2 = 0.95. However, there was no significant interaction between the repeated 

measures and the groups.  
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A deeper investigation of the analysis through Estimated Marginal Means and a Post Hoc Tukey 

test determined a significant difference in between-group means for SOP of 0.50 [0.087 and 

0.905], p = 0.012, and effect size of d = 0.75, from the gamified group (GAR) when compared 

to the control group (CG). On the contrary, the change was not significant when GAR was 

compared to the AR group at 0.13 [-0.281 and 0.537], p = 1. The tests also showed that being 

in the AR group did not significantly affect users’ SOP compared to the CG group at 0.37 [-

0.312 and 0.768], p = 0.09. Estimated marginal means analysis provided a clearer picture of the 

relations between and within the groups, and here it suggested an unexpected variance. There 

was a difference between the marginal means of the pre-test.  

Therefore, to further understand this variance, a separate one-way, between-subjects ANOVA 

was conducted for both the time-one and time-two measurements between GAR and AR, GAR 

and CG and AR and CG groups. The first null hypothesis (H0) was that SOP_Pre means would 

not be equal between any two groups, respectively. The results are presented in Table 43. 

Table 43 

Results of Between-groups One-Way ANOVA on SOP_Pre Construct with Significance Statistic and 

Effect size 

SOP_Pre F (1,60) p η2 

GAR to AR 0.87 0.353 0.01 

GAR to CG 6.60 0.013 0.10 

AR to CG 3.07 0.085 0.05 

 

The analysis indicated that the null hypothesis could not be rejected only for the GAR to CG 

means comparison, as the two means are significantly different. This result led to further 

investigation of SOP_Pre variance for the time-one measurement. The three dimensions of SOP 

were compared separately between the group pairs (see Table 44, Table 45 and Table 46).  
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Table 44 

Results of Between-groups One-Way ANOVA for GAR to CG Group on SOP_Pre Dimensions of PI, 

PA and PD with Significance Statistic and Effect Size 

GAR to CG F (1,60) p η2 

PI_Pre 4.11 0.047 0.06 

PA_Pre 4.47 0.039 0.07 

PD_Pre 6.30 0.015 0.09 

 

Table 45 

Results of Between-groups One-Way ANOVA for AR to CG Group on SOP_Pre Dimensions of PI, PA 

and PD with Significance Statistic and Effect Size 

AR to CG F (1,60) p η2 

PI_Pre 0.56 0.457 0.01 

PA_Pre 2.65 0.109 0.04 

PD_Pre 4.23 0.044 0.07 

 

Table 46 

Results of Between-groups One-Way ANOVA GAR to AR Group on SOP_Pre Dimensions of PI, PA 

and PD with Significance Statistic and Effect Size 

GAR to AR F (1,60) p η2 

PI_Pre 1.22 0.274 0.02 

PA_Pre 0.09 0.762 0.00 

PD_Pre 0.75 0.390 0.01 

 

The null hypothesis (H0) was that the SOP dimensions’ means would differ between the groups, 

respectively. The comparison of means between GAR and AR groups did not show any 

significant effect (F<1.0). Furthermore, only PD had a significantly different mean when 

looking at the AR to CG group comparison. However, all SOP dimensions in the GAR to CG 

pair had significant effects, with PD having the highest significance.  

To further investigate SOP in the above context of the main effect, the groups were analysed 

separately through the within-subjects method. The alternative hypothesis was that the 
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individual SOP increased after the activity. Therefore, a repeated-measures ANOVA was 

performed, comparing the within-group means of SOP_Pre and SOP_Post constructs. The 

results presented in Table 47 indicate an increase in post-intervention SOP compared to pre-

intervention SOP in all groups.  

However, the individual SOP only changed significantly in the GAR group, while in AR and 

CG groups, the change was statistically insignificant. Therefore, the null hypothesis (H0) was 

rejected only for the GAR group and concluded that taking the tour in the GAR group with the 

gamified app had a large effect (η2 = 0.19) on the individual SOP. 

Table 47 

Results of Repeated Measures ANOVA on SOP Constructs with Significance Statistic and the Effect 

Size 

    SOP_Pre SOP_Post 

Group F (1,30) p η2 M SD M SD 

GAR 7.21 0.012 0.19 3.50 0.607 3.64 0.634 

AR 3.93 0.057 0.12 3.36 0.615 3.53 0.538 

CG 0.81 0.375 0.03 3.04 0.797 3.11 0.889 

 

To analyse the predictors of SOP and directly answer the RQ1, additional statistical analyses 

were conducted on GAR group data. Basic descriptive statistics of the sample and the values of 

Cronbach alpha are shown in Table 48. 

Table 48 

Basic Descriptive Statistics and Cronbach Alpha 

Construct M SD α 

HED 5.6266 0.65984 0.85 

UTIL 6.1625 0.80088 0.85 

XR_UX 4.3217 0.50533 0.85 
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To further investigate the correlation and examine the predictive power of the constructs, a 

regression model was created, containing three predictor variables. The predictor variables were 

the Utilitarian dimension (UTIL), Hedonic dimension (HED), and the XR Usability (XR_UX), 

while the outcome variable was the individual SOP (SOP_Post) measured post-intervention.  

The results of the correlation analysis showed that the outcome variable was significantly 

correlated with each other predictor variable, presented in Table 49. This correlation means any 

movement on the predictor variable would cause a change in the outcome variable. However, 

to analyse the predictive power of the predictor variables, the above regression model was 

created. 

Table 49 

Correlations Between Predictor Variables and Outcome Variable*** 

 
HED UTIL XR_UX SOP_Post 

HED 
 

1 
 

0.67** 

[0.45, 0.858) 

0.74** 

[0.506, 0.906] 

0.53** 

[0.176, 0.783] 

UTIL 
 

<0.001 
 

1 
 

0.66** 

[0.443, 0.819] 

0.52* 

[0.194, 0.751] 

XR_UX 
 

<0.001 
 

<0.001 
 

1 
 

0.52* 

[0.173, 0.782] 

SOP_Post 0.006 0.007 0.006 1 

* Correlation is significant at the 0.01 level (2-tailed). 

** Correlation is significant at the 0.001 level (2-tailed).   

***BCa bootstrap 95% CIs reported in brackets. Bootstrap results are based on 5000 bootstrap 

samples. 

 

Multiple regression analysis requires testing and meeting six assumptions beyond the 

parametric tests’ standard assumptions (Field, 2013).  
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1. The assumption that the relationship between the predictor variables and the outcome 

variable is linear. Scatterplots show that this assumption had been met (see section 8.7 

Appendix 7, Figure 58).  

2. Analysis of collinearity statistics shows this assumption had been met, as all correlations 

between the predictor variables VIF scores were well below 10, and tolerance scores 

above 0.2 (statistics = 1 and 1 as only one variable entered the model) (Field, 2013).  

3. The assumption that the values of the residuals are independent was met, as the Durbin-

Watson statistic showed that this assumption had been met, as the obtained value was 

close to 2.0 (Durbin-Watson = 2.451) (Field, 2013).  

4. The assumption of constant variance of the residuals was deemed met because the 

Koenker test for Heteroscedasticity returned a chi-square value (2.79) which was 

insignificant at p = 0.425 (Koenker & Bassett Jr, 1982). Moreover, the plot of 

standardised residuals vs standardised predicted values showed no obvious signs of 

funnelling, suggesting the assumption of homoscedasticity has been met (see section 

8.7 Appendix 7, Figure 57).  

5. The P-P plot for the model suggested a very slight departure from the normality of the 

residuals. However, the assumption of normality of the residuals was deemed met, as 

only extreme deviations from normality are likely to have a significant impact on the 

findings (Field, 2013), the results are deemed valid (section 8.7 Appendix 7, Figure 56).  

6. The assumption that no influential cases are biasing the model was deemed met. This is 

due to the fact that Cook’s Distance values were all under 1, suggesting individual cases 

were not unduly influencing the model.  

 

Furthermore, the power of the sample size was deemed sufficient to accommodate three 

predictor variables (Austin & Steyerberg, 2015). As there were no violations of all the above 

assumptions, the analysis was conducted.  

To create a predictable model, the stepwise multiple regression method was used. This method 

first includes the predictor variable with the strongest correlation coefficient and then attempts 

to include the variable with the next strongest correlation. If the next variable adds a significant 
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contribution to the predictability of the model, it will be accepted in the model; otherwise, it 

will be rejected. 

Stepwise multiple linear regression was carried out to investigate the relationship between 

Gamification Utilitarian dimension (UTIL), Gamification Hedonic dimension (HED), XR 

Usability (XR_UX) and individual SOP. HED was accepted into the model, while both 

remaining predictors, UTIL and XR_UX, were not included in the final model. Not included 

variables did not significantly contribute to the model’s ability to predict the changes in the 

individual SOP. 

A significant regression equation was found F(1, 24) = 9.24, p = 0.006) with an adjusted R2 of 

0.25. Participants’ predicted SOP was equal to 0.480 + 0.142 (HED), with a standardised b 

coefficient of b = 0.49. The hedonic dimension of gamification was considered a significant 

predictor of SOP. 

Stepwise multiple linear regression was carried out to investigate the relationship between the 

predictors UTIL, HED, XR_UX and the dimensions of SOP as outcome variables; Place 

Identity (PI), Place Attachment (PA), and Place Dependence (PD). Only HED was accepted 

into the model for PA, only UTIL was accepted in the model for PD, and only XR_UX was 

accepted in the model for PI. The significant regression results are presented in Table 50, Table 

51 and Table 52. 

Table 50 

Linear Model of Predictors of SOP Dimensions PI* 

 b SE B β p 

Constant 0.03  

[-1.63, 1.69] 

0.80  0.967 

XR_UX 0.85  

[0.46, 1.23] 

0.19 0.68 <0.001 

* BCa bootstrap 95% CIs reported in brackets. 



   
 

291 
 

Table 51 

Linear Model of Predictors of SOP Dimensions PA* 

 b SE B β p 

Constant 0.62  

[-2.12, 3.36] 

1.328 
 

0.645 

HED 0.54  

[-1.96, 2.98] 

0.23 0.42 0.031 

* BCa bootstrap 95% CIs reported in brackets. 

Table 52 

Linear Model of Predictors of SOP Dimensions PD* 

 b SE B β p 

Constant 0.51  

[-1.96, 2.98] 

1.20 
 

0.676 

UTIL 0.50  

[-1.96, 2.98] 

0.19 0.47 0.016 

* BCa bootstrap 95% CIs reported in brackets. 

Hedonic dimension of the gamification was considered a significant predictor of Place 

attachment, Utilitarian dimension of the gamification was considered a significant predictor of 

Place dependence and XR Experience was considered a significant predictor of Place identity 

(see Figure 55). 

To summarise, as per the experimental design, the participants’ cohort was split into three 

equivalent size groups regarding the way of participating in the tour. While the data show an 

increase in the individual SOP in all groups, only in the GAR group did that increase achieve 

statistical significance. To unpack this further, a model of the two gamification dimensions 

(Hedonic and Utilitarian) and XR Experience with the app was created. All three predictor 

variables showed significant correlations with the post-intervention SOP variable. 
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Figure 55 

Summary of Regression Analysis with Adjusted Effect Sizes 

 

Note: The figure illustrates the significant predictors to SOP and its dimensions of PA, PA and PD.  

However, when the power of predictability of these three predictor variables was tested in a 

model, only gamification’s Hedonic dimension emerged as a significant predictor of individual 

SOP. It is also noted that the inclusion of the beacons component did not have a negative effect 

on the usability of the app, and the app was deemed usable.  

After Phase I quantitative data collection and analysis was completed, the second qualitative 

phase was executed as per the Mixed Methods approach. Phase II was to provide a further in-

depth understanding of the findings of the first phase. The results of the second phase of the 

explanatory Mixed methods design are presented in the next section. 

5.1.3 QUALITATIVE RESULTS 

Below are the results of the Qualitative analysis of the data collected during the Demonstration 

phase. These are the results of the thematic analysis (Braun & Clarke, 2006) applied to the 

qualitative data gathered during the interviews, reflective comments answers from the main 

questionnaire and post-tour short chats between the researcher and the participants. The results 
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below also contain observational data recorded by the researcher during the participants taking 

the tour. 

The sample size for the interviews in this explanatory phase was thirteen (n=13) randomly 

selected participants from the GAR group. The participants' demographics are presented in 

Table 53. As justified in the Methodology section (see section 3.3.2), the researcher concluded 

that the saturation point was reached and stopped collecting data at thirteen participants.  

Table 53 

Sociodemographic Characteristics of Participants  

 Frequency %  Frequency % 

Sex  Familiarity with AR before the tour  

Male 3 23 Yes 3 23 

Female 10 77 No 10 77 

      

Age   Time being part of the University   

18-24 11 85 One trimester or less 6 46 

25-34 2 15 Two trimesters 1 8 

   Three trimesters 1 8 

Place of stay   Four trimesters 1 8 

On campus 1 8 Four years 2 15 

Off campus 12 92 Seven years 1 8 

      

Reason studying at …   Familiarity with indigenous culture   

Scholarship 4 31 Yes 2 15 

Accelerated degree 4 31 No 7 54 

Previous degree 1 8 Undisclosed 5 38 

Opportunity 1 8    

Study Abroad 3 23    

Note: Frequencies and percentages of sex, age group, familiarity with AR before the tour, familiarity 

with indigenous culture before the tour, place of stay, time being a part of and studying at the 

university. 

The audio recordings were transcribed into textual documents (Braun & Clarke, 2013) and 

imported into NVivo v12.6.0 software for analysis. Because the interviews were completely 



   
 

294 
 

anonymous, these individual opinions cannot be related to their respective quantitative data 

points. Therefore, they will be analysed as a separate dataset, which explores in-depth unpack 

the quantitative findings beyond just augmenting the quantitative data.  

Although programmatically random, the distribution favoured the female sex. Most of the 

participants were in the 18-24 age group, and all except one lived outside the campus. The main 

reasons for choosing this university were the reception of a scholarship, the opportunity for an 

accelerated degree and study abroad being on campus for only one semester. More than half of 

the participants were not familiar with the indigenous culture before the tour, and only a few of 

them had some prior experience with AR technology. The above frequencies paint only a rough 

general picture of the participants' cohort and are not included in the thematic analysis as per 

Braun and Clarke (2006). 

The interviews were conducted immediately after completing the tour, in the same environment 

as the tour, at a campus building in the collaborative spaces. This was purposeful to acquire as 

many pristine details of the participants’ experiences as possible before fading away.  

It is noted that, based on observations and the answers, some of the participants had some 

difficulty understanding the interview questions regarding the interaction. The interaction was 

mostly misunderstood with gamification. As evident in the transcripts, the researcher had to 

explain, sometimes in multiple attempts to explicate interaction as precisely as possible with 

different levels of success. Despite this, the codes regarding interaction were successfully 

identified and included in the analysis. This analysis should provide a deeper understanding of 

the effects of gamification. Regarding the reflective comments from the questionnaire, all single 

word responses found in the reflective comments, such as “good” or “excellent”, were excluded 

from the analysis. They were removed because of the ambiguity about the context of the 

comment. 
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During the thematic analysis of the interview data, five main themes were identified as distinct 

and relevant to the objectives of the solution and the research questions. The ordering of the 

themes is intentional to scaffold the storytelling power of the thematic analysis, as the 

subsequent themes build upon the preceding ones. These main themes were the following: 

Gamification, Psychological outcomes, Behavioural outcomes, Benefits from Using the App 

and Used Technology outcomes. 

Even though there is some expected overlapping, the themes were unique and provided valuable 

insight into the core subject. All codes in the themes were explicitly or implicitly suggested in 

the data in the participants' responses. 

5.1.3.1 GAMIFICATION  

The Gamification theme in its core encompasses the data related to gamification in a general 

sense, excluding the outcomes discussed in the subsequent sections. This topic was a popular 

one with the participants, where they generally praised gamification as a great idea, a “cool” 

thing that augmented the tour in a positive way. One participant suggested that, in a way, it 

increased the value of the app, realising the intricacies of the experience,  

“It made me feel that there was a lot more thought behind what was going on than just 

perhaps what it presents to a normal observer.” 

Some participants perceived the activity as a game, while some did not, as one participant stated 

that 

“I didn't really think of it as a game while I was doing it.’ 

and some were indifferent to it being a game, stating 
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“I didn't mind it being game. I don't know if I personally needed it to be a game. So, I 

love artwork anyway.” 

The implementation of gamification, where the level of difficulty increases as the player 

progresses through the tour, was successful. The participants found it easy to challenge, which 

did not negatively affect the core service of the tour, as gamification was not the end goal.  

“Um, it was pretty nice. I definitely got that that satisfaction feeling of like yes, I found 

all [hidden features] that even though I wasn't focused on it.” and “But some [hidden 

features] were more challenging than others.” 

As for the hidden features, while some participants struggled with the fact that not all the 

paintings had hidden features, others praised that feature.  

“I liked that it wasn't in all of the paintings that would have lost a lot of interest in that 

respect.”  

Some participants on their own realised multiple ways of tracking their progress in the app, and 

some even discovered the pattern that if there was more than one feature on the painting, there 

was probably a hidden one too. This was an emergent game dynamic that was not pre-

conceptualised.  

“I suppose the fact that you're looking for something hidden in not every painting I 

guess it makes you pay attention to the individual paintings a little bit more than if you 

had a nine that there was a spot on every painting. Then, yeah, I guess you wouldn’t 

analyse the painting as much, you wouldn't look for differences in the painting, it could 

be the badge that you're searching for […]” 
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Finally, as suggested by the above qualitative results, the two targeted game aesthetics from the 

MDA framework were identified: challenge and discovery (Hunicke et al., 2004). To 

summarise, gamification, in general, was found to be a salient concept and an enhancement to 

the core service. The implementation was successful, and the game aesthetics targets were met. 

Even though a minority did not praise that hidden features were not being in all paintings, the 

more general consensus suggested that it was the right choice. As this section looks at 

gamification in a general sense, the following section looks at its potential outcomes. 

5.1.3.2 PSYCHOLOGICAL OUTCOMES 

The Psychological Outcomes theme is possibly the most interesting one concerning this thesis. 

This theme encompasses the psychological effects on the participants as a result of the 

intervention, as discussed by the participants. It groups the concepts of Sense of place, 

motivation, engagement, enjoyment, and relaxation as potential consequences of the 

gamification component of the app. Each of the concepts is portrayed by a respective topic 

presented next, starting with enjoyment. 

Gamification brought joy to the activity 

A large majority of the participants very passionately discussed this topic. The common 

sentiment was that gamification brought fun and enjoyment to the activity. The participants 

expressed having fun learning about the paintings, 

“I yeah, I really, really enjoyed it. I think the app was great as well. And it's a really 

like, interactive tool to use for people to you know, it's a fun way to learn about the 

paintings […]” 

Being able to use gamification affordances, finding the hidden features and even more, finding 

them all brought happiness, evident in comments like  
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“Um, made me feel good and made me feel accomplished when I got them all. Like that, 

I kind of like, did understand everything whereas I feel like if I hadn't completed it, I 

would have just felt like a bit dissatisfied and like happy, but a bit annoyed.” 

Gamifying the activity in a way gave the participants a fun goal to pursue, which for some of 

them felt like playing a game, a notion present in comments like 

“Um, made me feel good as well. Same as you know, the objective. So, the objective 

come here, and then there's more objectives, you know, within the game. So good.” 

From observation, the majority of the participants felt happy while performing the activity and 

after completing it. This was evident in the “jumps for joy” and joyful/cheering shouts that 

many participants expressed after finding all the hidden items and unlocking all the rewards. It 

has to be stressed out that these behaviours were only observed in the GAR group. Most of the 

participants who did not find all the hidden features would go back to locate them. Afterwards, 

most would find all the features and then display their joy and happiness at doing so. These 

behaviours of re-engaging with the paintings give a hint to the topic presented next.  

Gamification made the activity more engaging 

All participants share the notion that gamification made the activity more engaging. The 

engagement reported was on multiple levels. Some participants reported engaging with the 

paintings and the information, evident in 

“[…] I guess it made me more engaged in those paintings if I thought that there was 

something missing.” and “[I was] Very engaged with the painting and with what was 

being said.” 

and some even reported feeling more engaged with the campus, 
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“Again, like maybe more engaged, like to kind of interact with the campus a little bit 

more.” 

Some participants welcomed the idea of including the hidden features that gave them an 

objective to be realised at the end.  

“[…] you know, gave you a sort of objective to keep it interesting as well. So, even if 

people weren't, like massive art lovers or anything like that, they could still get 

something out of it.” 

In the short group chats after the tour, many of the participants stressed that if it were not for 

the app, they would have never taken the tour, stating that traditional tours are boring and not 

engaging. One interviewed participant agreed with that notion, stating that 

“The app is quite engaging, especially for someone like myself who feels the need to be 

mentally occupied most of the time, the secret objectives is a good feature.” 

Another concept that goes hand in hand with engagement is the drive to act as the core of the 

next topic. 

Gamification motivated me  

Many participants reported that gamification increased their motivation in many ways. For 

example, they felt more motivated  

“to go around and see all of the paintings that were on the map.” and “to listen when 

they [narrator] were describing what the painting was showing.” 

In a sense, there was more incentive to learn more about the paintings, the author, the place, 

and the app itself. As mentioned above, gamification motivated the participants to complete the 
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tour as well. Post-tour chats revealed that looking for and finding the hidden features kept some 

participants motivated to complete the tour. Moreover, as noted in the results above, the 

motivation to complete the tour and unlock the rewards made some participants even restart the 

tour from the beginning not to miss any hidden features. This sentiment can be identified in 

participants’ statements like: 

“App engages user and motivates to find/ learn more about/ explore more of the 

artworks around the host location.” 

While gamification might have generally motivated participants to complete the tour, a 

motivation to begin the tour is presented in the next topic. 

Individuality  

The post-tour chats also brought on the surface the realisation that most participants preferred 

taking the tour with the app over the traditional format because they could do it individually 

and not as part of a group. Some even stated they would never even consider the traditional 

group way of participating in a tour. The feeling about the experience being individual was also 

evident in the interviews, where almost half of the participants referenced this notion. 

“[… being able to] look at pieces of art without like having to set up a tour or something 

[…]” 

The above statement was more suitable for many of the participants. Avoiding the hustle of 

planning, adjusting the schedules, waiting and having the benefits of dictating the pace and 

having a personal experience was critical for some participants. This is evident in statements 

like 



   
 

301 
 

“[…] and then I can be myself around here and I can do the sort of things I want to do, 

and other people are all doing their own thing.” and “It's like a personal experience 

[…]” 

While the Individuality topic was not just about gamification, the next one is entirely related to 

it. 

Gamification made me feel relaxed 

A few participants in the GAR post-tour chat and the interviews reported they felt relaxed after 

completing the tour and finding all the hidden features. This was not evident in the other groups' 

post-tour chats and is summarised in a statement like: 

“Usually, I come to this building is just like going to lab or like having lessons, but I 

never feel like I can be so relaxed in this building […] Yeah, but it is my feeling, I think 

I'm relaxed now.” 

This topic, as well as all the previously presented ones, have uniqueness and weight. However, 

they were also strongly interconnected with the next theme. 

Effects on SOP  

This topic is about the direct effects that the app had on the individual SOP, as discussed by the 

participants. This theme most closely relates and prospectively illuminates the quantitative SOP 

variables. It is noted that most of the participant’s discussions on this subject were in the context 

of gamification. On the one hand, a few participants stated that the gamification did not affect 

their feelings towards the place, nor did using the app: 

“I didn't feel like much different before and after.” 
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Conversely, most of the participants reported some effect. The first consequence was that using 

the app and taking the tour familiarised the participants with the place, as one participant 

commented: 

“So, it was nice to get to know this place a little bit better. I think I've got a few tutorials 

in here […], and it's nice to know the rest of the layout of this floor of the building.”  

The exploration of new parts of the building led to discovery and appreciation of the place, 

evident in: 

“[…] and, you know, walking around here and like, I've never even been in those back 

corridors […], and you know, so I got to experience a new area, learn more about the 

artwork there and learn to appreciate it more the surroundings.”  

Participating in a gameful activity at the place and familiarising it led to a stronger connection 

with the place. 

“[…] and I also feel like now whenever I'm in this building, I have, I guess a greater 

connection to it because I understand the art better than just people who are walking 

by […]” and 

“I guess that makes me like, in this building, I think like, I don't know if more 

comfortable is the right sounds, but like, I appreciate the space, maybe more.” 

Knowing the place better, knowing more about the paintings and the indigenous culture as 

integral parts of the place, brought the participants closer to it and made them feel better at the 

place.  

“I felt like I knew it better. Um, yeah, I don't know. I felt more at one with the place.” 
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Some participants talked about the place in a negative connotation before taking the tour, 

describing the place as: 

“Soulless, clinical.” and “Um, seems it’s kind of disjointed, disjointed and like a little 

bit hectic with everything […]” 

However, they explicitly stated that using the app led them to better appreciate the place and 

even a change of heart about the place, commenting:  

“More appreciative. It felt less, um, feels less like, feels like one has more soul […]”  

To summarise the Psychological outcomes theme results, the participants perceived 

gamification as bringing joy and engagement to the activity. The participants felt that it 

motivated them to learn, explore and complete the tour. The individual aspect of the experience 

was also brought up in a positive way. Some participants expressed feeling relaxed after the 

tour. There were also the effects on the participants SOP discussed, reporting influence such as 

exploring and familiarising with the place. Thus, they felt closer to the place. They also felt 

closer to indigenous culture through the gamified activity. There was also the notion of more 

appreciation of the place. Moreover, there was some complete change of sentiment about the 

place, from negative to positive, after the tour. The following section continues the story and 

shifts the focus on the participants’ behaviour. 

5.1.3.3 BEHAVIOURAL OUTCOMES 

The core of this theme is about the behaviour-related changes observed or reported by the 

participants. It encompasses concepts such as interactions, learning and how participants 

changed their behaviour towards the paintings.  

Interaction  
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This topic is about the interaction specifically, or how the participants interacted with the 

environment during the tour and their thoughts about interaction in general. Many found being 

able to interact with the paintings through the smartphone screen to be interesting.  

“[…] and then the name of the painting would come up, and some point is maybe with 

to a few things, and that was interesting. Interesting, I guess.” 

When asked about any feelings that this interaction might have evoked, almost half the 

participants reported none, in general, nor towards the place.  

“I think it's just like a normal thing to just tap on it.” and “I mean, like Bond as a whole, 

it didn't necessarily give me a, like specific feeling.”  

On the other hand, some participants reported that the interaction had some effect on their 

feelings, perhaps developing a better connection with the place.  

“I guess it's more connected to it like you were, like, a part of the thing, in a sense, 

interact with it, but also like to make sure that I didn't want to just look at the painting 

through my phone. So, it's kind of like a combination of tap into trying to find the 

features but then also like, listening to her and trying to like to look at the painting itself.” 

Learned so much 

Learning about the paintings, indigenous culture, place and in general is what constitutes this 

topic. The vast majority of the participants discussed learning. For instance, learning about the 

painting was important, as one participant stated: 

“I don't like just walking by a painting and not knowing what it's about and knowing 

about the author or the experiences that are behind it, so, yeah, and when there's so 

many around, I think it's very important to acknowledge what they really are.” 
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The use of the app helped the participants to learn about the paintings’ stories, features, history 

and their authors.  

“I believe the app allowed for a detailed, interesting description of the artwork and 

allowed the participant to acquire a better understanding of the aboriginal culture and 

how it is represented in the artwork.” 

Learning about the indigenous culture by having an insight through the artworks came to be a 

deep experience for some participants. There was also the discovery about what steps the 

institution is taking to celebrate the culture. 

“It definitely opened my eyes about the artwork that they have had to utilize and try to 

acknowledge the indigenous people […] This is their land, and they appreciate that, 

and I think that's really beautiful.” 

Paintings I didn’t notice 

“I've seen the paintings around, but I just didn't really notice them before. Maybe it's 

because I'm always late to my classes, and so I'm just rushing but[...] But um, but you 

know, it's[…] It was nice to actually notice them […] I didn't really properly take it in 

before.” 

Many participants supported the above statement. As paintings are hanging on the walls, most 

people would just pass by, not even noticing them. Learning about the paintings and the 

indigenous art and culture have changed this for some of the participants. They have stated that 

they developed a great appreciation for the paintings and the culture after completing the tour 

with the app. They also started noticing the paintings and might continue to do so in the future. 
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“Well, they're just kind of paintings on a wall to me. Unfortunately, I'd never really took 

the time to acknowledge them. I just thought they were like decorations. I never really 

understood Aboriginal artwork. Until that really opened my eyes to show that, you know, 

even something that may look like dots to me represents like a whole culture. So yeah, 

really beautiful.” 

To conclude the Behavioural outcomes theme results, as a summary, the participants found the 

interaction interesting, and their opinions were divided on its effects on their emotions. On the 

other hand, the participants learned much about the paintings and indigenous culture. They have 

also developed an increased appreciation of the indigenous artworks and culture and culture in 

general. Progressing further in the story, the following theme focuses on the value outcomes of 

the activity. 

5.1.3.4 BENEFITS FROM USING THE APP 

This theme, in essence, is about the perceived benefits for the place and the exhibition provided 

by the activity through the app and the gameful experiences. It is worth noting that no 

disadvantages for the place nor the exhibition were pointed out by the participants as a direct 

consequence of the app use or the activity. It is also worth highlighting that benefits extended 

beyond the related questions from the interview protocol.  

The consensus between the participants was that taking the tour with the gamified app was good 

for the place. The benefits for the place ranged from learning about the place, discovering, 

increased awareness and appreciation to attracting more people to the place and even more new 

students. This is evident in statements like: 
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“It makes me feel like better about Bond. Like it gives me more positive view to.” and 

“I think like making like it allows the students to kind of be more aware have like spaces 

on campus and like gives information.” 

Some even considered that expanding the scope of the app beyond the official tour to all on-

campus paintings and even further on all campus spaces, in general, would be beneficial for the 

place. 

“Bond could definitely benefit from an app like this because there's so many different 

things around the campus like, like the like the fountain at the lake, the big bell tower.” 

There was a proposed idea of implementing the app in the curriculum, which would increase 

the students' knowledge and awareness about the paintings and indigenous culture as a whole. 

This was pronounced quite passionately during many post-tour chats. 

“I imagine if this was implemented in like first-year students, they would have a much 

greater appreciation.” and, “I think it would be great for both domestic and 

international students. Domestic students, they can get even more of an appreciation of 

the culture that you know belongs to Australia. Because even though I'm domestic, I 

didn't know a lot of the things that I heard, and then international students even more 

of a learning curve for them.” 

The consensus was also positive about the benefits of the app for the exhibition itself. The help 

and ease that the activity provided with learning about the art was appreciated by the 

participants.  

“I just think that when you're looking at the exhibition and the paintings themselves, I 

didn't get the idea that they were what they were in some of the paintings, just the 

background and what they meant. You would never be able to see that and see where 
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the paint is coming from without the app because, yeah, just looking at them. You can 

obviously interpret them in your own way but not able to see what the painter[] mean[t] 

by them. And I think using the app allowed, yes, allowed me to see. Okay, that's what 

the painter is trying to depict through that.” 

The other perceived benefits discovered were increased awareness and discovery of the 

paintings and the indigenous culture. The participants found the stories behind the artworks to 

be captivating. These benefits could also be realised beyond the Corrigan Walk Tour. The app 

could enhance the experiences at other institutions and places. 

“I think the app was very interesting, unique, and useful as it provided a clear 

description of the paintings and the story behind it. In addition, there are not many tour 

apps like this, so I would say that this would be a grand upgrade. […] I thought the app 

was interesting and would be helpful if used in a similar setting (such as an art gallery 

or museum).” 

The other benefits would be more exposure of the artists and their art by using enhancements 

such as technology, multimedia, and the inclusion of gameful experiences. This could bring the 

app closely to diverse populations, such as diverse age groups and cultural backgrounds. 

“So, I think the fact that the little, there's a, like, range of information that's provided. 

And so, like, if you have kids doing it, or someone with [a] lower attention span, they 

can just listen to the small blurb, and they can get the sense of it. But if you hear 

something that's really interesting, then you can read more about it and that the artist 

and I think that makes it very applicable to people of all ages and all interests like I 

have friends that I know aren't into, like museums and art and that kind of thing, but I 

still feel like they would benefit from using an app like this. […] I think these artists are 
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now getting more exposure and people know who they are. Like I could definitely see 

trends.” 

By many, the app experience was perceived to be better than reading. Even better than just 

looking at the paintings. The interactive elements, the multimedia and the gamefulness 

enhanced the participants' experiences. Such notions are evident in statements like: 

“[…] and then, I like listening to it. That was better than reading. It was like a guided 

tour basically.” and “[…] it's a fun way to learn about the paintings instead of just 

reading about them. It's actually getting involved, and you can; you have to find things, 

and it's really good.” 

To summarise, the participants perceived the implementation to be holistically beneficial for 

the place and the exhibition itself. The benefits are diverse, such as learning, increased 

awareness, interest, sustainability and exposure. These benefits could be realised even more by 

expanding the scope of the implementation. Next, the story continues with the technology 

involved. 

5.1.3.5 USED TECHNOLOGY OUTCOMES 

At the core of this theme lie the outcomes as a consequence of the used technology. This theme 

very closely relates to the research question RQ2, which is about the optimisation for successful 

outcomes. Although the RQ2 was unpacked and answered within the previous chapter, these 

results might provide a deeper understanding of the findings. The theme combines the 

advantages and shortcomings of the experiences with the app’s usability and AR technology. 

The issues that the researcher was aware of in the previous iterations did not avoid this one. 

There were a few crashes of the app (a single device overheating), and the issue with the low 
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light in some corridors affected the devices’ ability to correctly recognise two of the paintings 

when cloudy outside. 

“I had it crash once. But, when I opened it again, all my badges and stuff was still there. 

So that was it kinda didn't matter. The only other thing I noticed and possibly this has 

to do [with] the darkness was, sometimes when I scanned a painting, the frame would 

jump around.” 

However, measures implemented to counteract some of these issues were useful (see section 

4.6.1.1). As evident in the above statement, if the app crashed, the last state was saved, so it 

would have a minimal effect on the experience.  

Some of the participants raised concerns that looking at the paintings through the app lessens 

the experience with the paintings. 

“Yeah, I think it was the first one; it was quite easy to get caught up in being like this, 

with the phone like between me in the painting. And then I was like, what am I doing? 

This is silly, but definitely an easy trap to fall into.” 

For others, this was either not noted, or if it was, it was counteracted with the benefits.  

“I guess maybe like takes away from like the whole painting, like just looking at it, but 

it also helps you like understand it better. […] So I feel like it's kind of evens out.” 

The most prominent recommendation of what the participants would add to the app was adding 

more information about the authors. The topic was prominent, even though before the activity, 

it was explained that the information in the app is very likely all of it. 

“I would have more questions relating to the author as well. That's about it.” 
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Beyond the above, the app was deemed useful for its purpose. It was perceived as easy to use 

and very helpful. Participants stated that they enjoyed using the app and that it was a great 

experience.  

“I guess it makes it like better deep experience.” and “Integrating visual, audio, and 

written elements gave me a positive experience that I will recommend to my friends.” 

As for the technologies used, most of the participants found AR to be great and “cool” 

technology. AR was generally perceived to be very beneficial. The benefits were the ability to 

mark the features on the painting, micro-location, as well as interaction. Pointing out what is 

what on the painting helped the participants better understand the paintings and the stories 

behind them.  

“I think it really helps, like, makes clear everything as opposed to like sometimes you 

could like misinterpret like one aspect of the painting means but like having it on top 

really makes it clear that this is what it means and it like clears up any confusion you 

would have had originally.” 

AR added to the immersion in the experience, bringing the people closer to artworks and forging 

even more personal engagement.  

“I thought it was fun. It was, I thought, it was a good idea. I liked feeling included into 

it, the paintings, and it was very personal to be one on one with them and to see in the 

app lovers like what they were talking about. I really liked that instead of just reading, 

you know, a little description about it.” 

The participants also praised audio narration. Many found the length to be just right and very 

informative, and sometimes more effective than reading, presented in the above themes. 
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“Dialog was short and informative and was the perfect length.” 

Navigation with the beacons proved to be very helpful. The participants had no problems 

finding their way around the building and the paintings themselves. The technological features 

did not annoy the participants and were available for them to help if needed. 

“Like, I feel like I'm pretty technologically savvy, but like, I don't have a Samsung, and 

I was able to do that anyway. And I thought the map was very helpful. So, like I said, 

there was like, resources if you needed it, but if you did it, then it didn't get in the way 

[of the] experience, which I thought was awesome.” 

To summarise, the technologies engaged came with some minor shortcomings. However, the 

benefits largely outweighed the issues, and the app and the technologies used were perceived 

as very useful, easy to use and helpful. The technologies worked together to meet the objectives 

of the solution. The following section concludes the Results presentation. 

5.1.4 CONCLUSION 

In this Results section, data was analysed from pre and post-intervention questionnaires, post-

intervention interviews, conversations and observation. The data was examined in a Mixed-

methods explanatory sequence, focused on exploring SOP in relation to gamified micro-

location. The analysis of the pre and post quantitative data, augmented with the post-

intervention qualitative, allowed for an exploration of how individual SOP was affected by the 

activity, the psychological and behavioural outcomes, as well as the outcomes in direct relation 

to the technology. As a consequence, multiple possible implications for the practice could be 

identified. Various significant findings were unpacked and presented above. These findings are 

discussed and in-depth scrutinised in the following section. 
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5.2 DISCUSSION 

Place is a contested concept in the scientific literature, and SOP, as an abstract concept, is even 

more contested. It has multiple definitions in various disciplines, all of which hold their own 

weight, adding a new or similar perspective to the body of knowledge. However, understanding 

more about SOP and how it engages with peoples’ perceptions and behaviours can be beneficial 

to any aspect of how people are concerned with the place. SOP is a complex psychological-

social edifice that, in essence, organises reflexive cognitions, emotions and behavioural 

engagements. Therefore, it being consistent with the attitude conceptions enables looking at 

SOP from the attitude domain. Attitude theory can provide a theoretical framework, combining 

the affective, cognitive, and conative aspects. This approach then offers the place research 

benefits such as organising and relating constructs that are rather disorganised, a solid link to 

the recognised body of literature, as well as providing established methods for research 

(Jorgensen & Stedman, 2001). 

Building upon the above, the author used an experimental research design to examine changes 

in individual scores on SOP (SOP_Pre and SOP_Post,) utilitarian (UTIL) and hedonic (HED) 

gamification dimensions, and extended reality experience as measured by the XR_UX. The 

research had two main objectives, represented in the two primary research questions.  

The first objective was to explore the potential predictive power of micro-location-based 

gamification and AR dimensions on Sense of place and explore the benefits and shortcomings 

of such implementation. The second objective was to present a design pattern for employing 

the Design Science Research Methodology to achieve successful outcomes in the development 

of mobile applications that use gamified augmented reality micro-location.  

These two objectives were derived from research that indicated that location-based gamification 

at places has a significant effect on individual Sense of place, as well as the scarcity of scientific 
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literature presenting the process of employment of DSRM, not just the outcomes of the 

methodology used. While there is a solid body of literature on location-based gamification 

(Oleksy & Wnuk, 2017), the micro-location-based gamification at the writing of this thesis has 

not received enough attention in academia. This is important because micro-location is a sub-

set of location-based services that concerns indoor location as a primary use case or locations 

where a high granularity and precision are required. These include museums, heritage sites, 

airports, shopping malls, and event venues, where the conventional location services (such as 

GPS) do not meet the above requirements. 

Numerous mobile apps have been published that use location-based services. Some have been 

successful in engaging the players and sustaining the use of the app, such as Foursquare and 

Waze apps, and many have failed to achieve this. Even though numerous gamification 

frameworks provide at least a basic guidance, the failure, in most cases, was an inadequate 

design and implementation of gamification (Morschheuser et al., 2017b). In a way, the 

“gimmickfication” overpromises of the apps in return had a useless and gimmicky gamification 

deployment. Regarding the gamified micro-location technology, there are also numerous apps 

published (Vasilevski et al., 2018). However, these also had medium to little success in 

engagement and retention of the players, suffering from the same pitfalls of the broader 

category of location-based apps. In most cases, these gamified micro-location apps have had a 

very narrow and niche target market, and many have failed to gain enough traction to engage 

and retain the players. Even though many of these were developed or used in research settings, 

the core drivers of gamified micro-location have rarely been examined in an experimental 

environment (Vasilevski et al., 2018), with exceptions such as Marques et al. (2017), 

Zimmerman et al. (2016) and Olsson et al. (2016). 
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The above is also true regarding the impact of gamification of AR on Sense of place. There are 

a few research projects that explore this in quasi-experimental environments, such as Chang et 

al. (2015). 

Nonetheless, the problem might be the reductiveness of gamification (Hong, 2021). For 

instance, the implementation in this research was very simple. However, it introduced highly 

designed affordances to mature design decisions that evolved through constant testing and 

multiple iterations. Gamification had a rationale and was meant to lead the players to make 

rational decisions. The gamification did not try to be the core service; it was trying to be a 

seamless enhancement. Moreover, the results suggest that it might work. As Hong (2021, p. 

1894) pointed out, the modern “Gamification has expanded more broadly into the digital culture 

as a way of thinking, extending beyond its definition of being an application of game mechanics 

and properties to nongame contexts.”  

As presented in Chapter 6, DSRM and Designing the artefact, Gamification was not the goal of 

the Corrigan Walk app implementation, and neither was it an advanced technological display 

by the institution. What was targeted were the outcomes that would emerge from the 

engagement and joyful experience when engaging with the artworks. The indigenous culture 

exposure is the core service of the original traditional tour, and the gamification was used to 

enhance that core service, as per the Service package model. One of the hurdles was to embed 

the gamified experience in the overall experience, to make it seamless and unobtrusive, simple 

but challenging. In a way, making it disappear in the activity, yet still there for the participants’ 

benefit. It was so seamless that some of the participants did not even notice the gamefulness of 

the implementation. In line with the above-presented practices and lessons learned in 

gamification throughout the years, in this case, gamification seems that achieved its goal. 

Overall, it can be deemed successful.  
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The quantitative data provides a gist of the effect of SOP in the gamified group over the non-

gamified comparison groups. The effect seems small yet significant as the Gamified group 

scored significantly better than the Traditional group (F(1, 90) = 8.88, p = 0.004, η2 = 0.09). 

However, an unanticipated variation in the pre-test data was discovered. According to the 

results, the first measurement showed a significant variance between the GAR and CG groups, 

even though the group assignments were random. Furthermore, all measures to provide as 

similar conditions as possible for all participants were implemented. The measures were in 

place before and while the instrument was administered. It is possible that this variance could 

be attributed to the number of participants taking the tour at the same time, as this was the only 

variation observed. Because a human tour guide guided the CG group, it was conducted in 

groups from 5-7, while the GAR and AR group participants took the tour 1-3 at once 

individually. Therefore, a participant would have more non-acquainted people around while the 

pre-test instrument was administered, which might have led to this variance. Having more 

people in the same place might affect the number of perceived opportunities that the place could 

offer, hence affecting the PD, which was the only significant construct in the comparison 

between the groups. However, this variation has to be further investigated in follow-up studies. 

Nonetheless, the quantitative examination of the data per group (within-subjects) supports the 

suggested effect of gamification on Sense of place, as only the gamification group had a 

significant increase in the individual SOP. One could argue that it is already known in the 

literature that interpretive activities and AR implementation could lead to an increase in SOP, 

which both were part of the GAR group experience (Oleksy & Wnuk, 2017; Stewart et al., 

1998). However, these two concepts working together in the AR group or the learning alone in 

the CG group did not have the power to significantly affect the individual SOP. On the other 

hand, learning and AR, enhanced with gamification in the GAR group, might have led to a 

significant increase in SOP within the group. This possible effect of gamification is reflected 
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throughout the qualitative data. It is evident that gamification played an important role in 

developing the psychological outcomes that SOP can be considered a part of.  

The qualitative data analysis provided the promised insight into the inner works of the 

constructs and beyond that. The challenge and discovery were the types of fun targeted and 

identified in the analysis. The successful gamification was found to enhance the core service 

and meet the objectives. Hidden features were suggested to be successfully implemented. 

Various psychological outcomes were identified, such as engagement, relaxation, motivation 

and SOP. The participants' sentiment indicated increased appreciation for the place. There were 

complete changes in the feelings about the place, from negative to positive, through the 

gamified activity. Gamification evoked feeling closer to indigenous culture. The individual 

nature of the experience was also positive. 

Subsequently, behavioural outcomes were uncovered, such as the interaction, learning about 

the indigenous culture and the developed a greater appreciation for the indigenous culture and 

art in general. The participants felt that the app was holistically beneficial for the place and the 

exhibition. The various benefits identified were learning, increased awareness, interest, 

sustainability and exposure. They also recommended realising these benefits even more by 

increasing the scope of the app use. Finally, the used technologies suffered some minor 

shortcomings. Nevertheless, the benefits vastly outweighed the concerns. The participants 

perceived the app as very useful, easy to use and helpful. All these technologies came together 

to meet the objectives of the solution.  

This section of the thesis revisits the research objectives, relates the research findings presented 

in the previous section to the broader literature and investigates the implications of these 

findings. Moreover, this section reflects upon the processes employed in investigating the 

phenomena and the used methods, suggesting how these could be improved in future research. 
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For an explanation of each question, please see the Methodology chapter. Each research 

question will be discussed separately, even though the RQ2 was already implicitly answered in 

the previous chapter on DSRM Implementation. Research questions may both be referenced by 

text and by number.  

5.2.1 RESEARCH QUESTION 1: WHICH PREDICTORS DETERMINE WHETHER GAMIFIED 

AUGMENTED REALITY MICRO-LOCATION IMPLEMENTATION AT A PLACE INCREASES 

SOP? 

The first research question in this study asked to determine the predictive power of the 

independent variables and their effect on the individual Sense of place changes. As SOP in this 

thesis was already situated in Attitude theory, Place identity (PI), Place attachment (PA), and 

Place dependence (PD) constructs share strong relations to the affective, cognitive and conative 

components of attitude (see Figure 3). To understand SOP being a multidimensional concept, 

it was unpacked and explored by its constituents. The results provided more insight into the 

inner workings of this phenomenon regarding gamification.  

The analysis of the correlations between all tested independent variables, such as sex, education, 

gamification and XR variables and the dependent variable SOP Post (see section 8.6, Appendix 

7 for a comprehensive list of variables) had filtered significant candidates for predictor variables. 

This led the main focus to fall on the gamification constructs, XR experience construct, social 

dimension, and attitude towards the app. First, the dimensions of SOP are discussed below, 

followed by the holistic SOP discussion and expanded by discussing the RQ1 sub-questions, 

informed by the qualitative data. 

5.2.1.1 PLACE IDENTITY – PI 

Places to which we have a strong bond are those places where we have had a wide variety of 

experiences. As Relph (1976, p. 56) pointed out, “the identity of a place…varies with the 
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individual, group, or consensus image of that place”. This is in line with the regression analysis 

results where the XR_UX construct, representing the user experience, was most successful in 

predicting the variance in the outcome variable. The other constructs, such as gamification 

dimensions and attitude, were all positively correlated with SOP outcome. 

PI concerns how a place attributes to a person’s self-identity (Hull et al., 1994). Moreover, PI 

also looks at how a place can carry personal or group values and meanings (Halpenny, 2006; 

Stokols & Shumaker, 1982; Vaske & Kobrin, 2001). In time, this attribute deepens over the 

person’s history and interaction with the place. As stated previously, the participants came from 

various places and backgrounds, carrying very similar or very different worldviews. Some of 

them had a very short history with the University and the building, and some carried multiple 

years of experience. Those histories ranged from very positive to quite negative for some. 

Nonetheless, all participants had good, positive experiences at the place via the activity. Even 

though many of them did not share extensive history with the place where the activity took 

place, the experiences might have attributed to the overall sense of shared history with the place. 

This might be true because they were essentially exposed to indigenous people’s history. 

Moreover, this might have been scaffolded by the historical richness of the indigenous art pieces, 

as well as the stories told. The literature categorises the predictors of identification with place 

into two groups, “individual motives and needs” and “social and symbolic links to places” 

(Droseltis & Vignoles, 2010). Qualitative data provided some insight into this dichotomy.  

The overall experience of the activity might lean towards the symbolic and social link to the 

indigenous culture. However, the gamification experience of the GAR group, as well as the AR 

only group, were deeply individual experiences. As the gamified tour via the app was an 

individual experience, the exposure to the indigenous culture and the meaningful and gameful 

interaction with the artworks might have led to a sense of bonding with the indigenous 
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community, especially after completing the tour and unlocking the rewards. The place is an 

experiential system that forms identity and distinctive place character. Therefore, it is not an 

understatement that XR experiences could be an important factor in this formation. As Ujang 

and Zakariya (2015) suggest in their study on Southeast Asian city urban places, the Place 

attachment also contributes to the making of Place identity discussed next.  

5.2.1.2 PLACE ATTACHMENT – PA 

Like PI, spending more time at a place makes people feel more attached (Kelly & Hosking, 

2008). While PI needs much more time to develop, PA develops relatively fast (Lewicka, 2011). 

Therefore, PA could have had a stronger effect on the overall SOP than PA.  

Attachment’s emotional, cognitive, and instrumental features can be enhanced by frequent 

visits and repeated interactions at a place (Hammitt et al., 2009). On-place activity can result in 

increased place attachment at places such as national parks (Kyle et al., 2005), dog walking in 

parks (Lee & Shen, 2013), using places for sport (Madgin et al., 2016), and in various informal 

meeting places such as cafes or pubs (Oldenburg, 1989; Oleksy & Wnuk, 2017).  

The social factor can also have a strong influence on the place attachment. (Hidalgo & 

Hernandez, 2001; Lewicka, 2011). For example, the best predictor of PA for year-round 

residents were community ties and social networks. The second predictor was the activities 

around the property and the place’s environmental qualities. 

As per the above, the literature agrees that performing a pleasurable activity at a place could 

have a strong effect on place attachment. Jorgensen and Stedman (2011) and Brown and 

Raymond (2007) also suggest that recreation and, specifically, aesthetic values appeared to be 

consistent predictors of attachment.  
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The literature suggests that an abundance of aesthetic and cultural landscape features and the 

gameful experiences in those landscapes help create the conditions that lead to place attachment. 

On that note, the setting where the research activity was performed is a new and beautiful place 

packed with culture, and the app enhanced it with fun. 

However, it is the individual’s willingness to associate gameful experience that creates a value 

with the place that best predicts the psychological state of place attachment. Even though the 

players are least likely to relate the utilitarian values of the activity, all independent concepts 

are positively related and are important in identifying participants’ attachment to place. The 

Hedonic dimension of the gamification, as a predictor variable, was consistent with findings 

from the literature showing strong associations between Place attachment and attractive, joyful 

and engaging activities.  

5.2.1.3 PLACE DEPENDENCE – PD 

Answering the question, “how does this setting compare to others for what I like to do?” 

(Jorgensen & Stedman, 2001, p. 234) takes us directly to PD. Place dependence (Stokols & 

Shumaker, 1982), also known as “place satisfaction,” considers a place as a means to meet the 

individual needs and facilitate desired activities (Schreyer et al., 1981). PD is bound to the 

number of opportunities that a place can offer in accomplishing goals or experiencing 

enjoyment (Lee et al., 2012; Lopez-Mosquera & Sanchez, 2011). The findings in this thesis are 

in line with the above findings, as the utilitarian dimension of the gamified experience had the 

strongest predictive power regarding the PD. The gamified activity offered learning and 

exploration opportunities and a way of interaction with the environment, which are just a few 

of the potential benefits of the activity. Moreover, the provided opportunity to have fun in the 

process also adds to the overall PD movement and the overall experience.  
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Maybe PD is the key to understanding the variance in the pre-test SOP between the groups. 

Arguably, being at the place within a group of people at the same time might have affected the 

participants' SOP in the CG group. Moreover, when SOP is unpacked to its dimensions, only 

the PD pre-test variable had a significant difference between the groups, which suggests that 

being in a group with other people might have led to participants perceiving the place as not 

being able to offer the best experiences for the activity compared to performing it individually. 

The number of preferred perceived opportunities that are available at the place might have 

seemed less when other unknown people were around the place, participating in the same 

activity. A glimpse of support for this view is found in the qualitative data where the individual 

tour was a preference for many participants. However, this kind of effect needs further 

investigation in a future study. 

5.2.1.4 SENSE OF PLACE – SOP 

The hedonic dimension of gamification was the strongest predictor of change in SOP. This 

suggests that performing enjoyable and engaging activities at a place should have a positive 

effect on SOP. This was not a surprise as the core service of games intrinsically is hedonic 

pleasure provision. This is in line with the literature that suggests that playing games, in this 

case, gamification, at a place can facilitate positive attitudes towards a place (Oleksy & Wnuk, 

2017).  

In the past, IS discipline relied on the utilitarian premise. Technology acceptance models such 

as TAM and UTAUT theories are just one example of utility, usefulness and ease of use being 

used to approach the acceptance of IS. Games were in most cases disconnected from this 

utilitarian dimension, incorporating self-satisfying goals, engagement and enjoyment. One 

could say that the fun was disconnected from the outcomes; hedonic was disconnected from the 

utilitarian. However, the last decade has brought an interesting turnaround (Koivisto & Hamari, 
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2019b). It became apparent in practice and academia that the motivational potential of games 

as IS cannot be overlooked, and this notion is what essentially conceptualized gamification. 

Gamification incorporates both dimensions of IS, hedonic and utilitarian. In line with IS design 

thinking, gamification design affordances provide motivation for psychological outcomes, 

which eventually lead to behavioural outcomes (Huotari & Hamari, 2017). In agreement with 

the above, the results showed that both hedonic and utilitarian dimensions share a high positive 

correlation with SOP. As a psychological outcome, SOP then scaffolded certain behavioural 

outcomes, frequently and extensively brought up in the interviews. Nonetheless, it seems that 

the hedonic dimension had more strength in predicting these outcomes. This notion is suggested 

by the quantitative data and then reinforced by the qualitative findings.  

As per Hunicke et al. (2004), the Challenge and Discovery were the game aesthetics aimed at 

and confirmed in the qualitative data. These two seem to provide enough “fun” to scaffold the 

hedonic experiences for the player in this implementation. The players became emotionally 

invested in winning and discovering all of the features, leading to outcomes such as them going 

back and redoing the tour to find missed hidden features. In observing the participants, they 

seemed to be deeply engaged in the experience, in which, as suggested by the qualitative data, 

gamification played an important role. Even though the main game mechanics were simple, 

progress, badges and treasure hunt, they provided game dynamics powerful enough to evoke 

the abovementioned types of fun: challenge and discovery. 

Hedonic motivation is the part of ludus, the gamefulness, which positive effects are again and 

again proven in academia and everyday life (Koivisto & Hamari, 2019b). The hedonic aspect 

of gamification might have cultivated the reported enjoyment and probably is responsible for 

bringing motivation and engagement to the activity. Qualitative data supports this by coupling 

these psychological outcomes to gamification, yet not relating them to the activity's 
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technological, novelty or interpretive aspects. Furthermore, enjoyment may have led to more 

engagement in the activity, which could have evoked the feeling of being able to engage with 

the artworks or even the place itself (Oleksy & Wnuk, 2017). This further supports the 

perception of the effect of the hedonic aspect of gamification on SOP. By removing the 

boredom from the activity, the hedonic aspect might have provided the participants with more 

opportunities to absorb the place as a whole. All this has probably made participants feel more 

relaxed at the place. Experiencing the place in a novel for them, individual level, or being one 

to one with the place might have further scaffolded the increase in SOP. The hedonic aspect of 

the experience suggests that SOP can help to establish how visitors personally experience 

location significance is in line with Kaltenborn (1998). 

There were some implicit effects on SOP reported by the players. While it did not affect some, 

others reported minor to profound effects on their SOP, flipping their bond to the place from 

negative to positive. Would this be only the hedonic/gamification consequence? Probably not. 

The learning, cultural exposure and technological novelty have probably also played an 

important role in the overall build-up of SOP. Lewicka (2011); Low and Altman (1992) suggest 

that visiting heritage sites or undertaking field learning, increasing SOP can enable attachment 

and interest in these places. 

Similarly, SOP formation can be enhanced by performing interpretive activities (Stewart et al., 

1998). The qualitative data also suggest this learning effect, as the participants (players) were 

engaged in a continuous gameful learning activity. Memorable experiences may be further 

boosted by the interaction with the AR system itself (Tscheu & Buhalis, 2016). 

Some of the participants enjoyed the gameful experience, and some did not notice it, while 

some did not care about it. As suggested in the literature on gamification, users can have very 

different attitudes towards games and their interactions. For example, some may seek 
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immersion, and others could be motivated by achievements (Morschheuser et al., 2017a). 

However, to reach sustainable gamification, personal factors must be considered as well as the 

attitudes to work, study, and games.  

Therefore, one can argue that a holistic view of the activity is required to understand its direct 

effects on SOP. Multiple variables come into play in building the individual SOP. However, 

the hedonic dimension of the gamification, and the in that way, the whole activity cannot be 

denied its role in affecting SOP. The hedonic dimension was the most powerful predictor of the 

individual SOP construct.  

5.2.1.5 WHAT ARE THE BENEFITS AND THE SHORTCOMINGS OF GAMIFIED AUGMENTED 

REALITY MICRO-LOCATION FOR THE PLACE?  

The discussion regarding this sub-question emerged from the behavioural outcomes of 

gamification. As per Huotari and Hamari (2017), the psychological outcomes, specifically SOP, 

might have evoked certain behavioural outcomes. Most of these behavioural outcomes can be 

regarded as benefits for the place, and some as shortcomings. However, they do not represent 

the complete outcome since additional outcomes were identified during the multiple iterations 

of the research. 

GARM-L provided learning, exposure to culture, and interaction with the artworks as well as 

the place. Learning concerned the paintings, the indigenous culture and the place itself. As 

gamification has already seen its widespread implementation in education, it is no surprise that 

it can support learning. Thus, GARM-L apps could be used to provide unique and effective 

learning experiences in education or training. As mentioned above, learning at places through 

SOP can provide multiple benefits. In line with Stewart et al. (1998), this may encourage long-

term conservation of cultural heritage. Moreover, the players became aware of the cultural value 
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of the exhibits. This subsequently might increase the value of a place in a holistic sense 

(Warnaby & Medway, 2015).  

Coming from various backgrounds, the interviewed players ranged from completely unfamiliar 

to moderately exposed to indigenous culture. Therefore, exposure to the indigenous culture was 

a powerful benefit. This exposure brought a strong initial appreciation for this culture to the 

players not familiar with it. However, it also strengthened the respect for the indigenous ways 

for the ones familiar with it. Moreover, it also introduced appreciation for the paintings and 

their authors and art in general. Specifically, artist exposure through pleasant experiences and 

the latest technologies was a strong benefit. The GARM-L could be utilised in similar scenarios 

for artist promotion and recognition to a wider population. 

Another benefit would be the ability to interact with the artworks in an abstract way. Engaging 

with the artworks in this way provided memorable experiences for the players. On the flip side, 

at times, some players felt that they were becoming disconnected from the artworks by 

constantly looking at them through the device’s screen. To mitigate this effect, they would listen 

to the story as audio and afterwards use AR to explore the painting and find the hidden features. 

For them, this was not a dealbreaker and was mentioned as something to be considered. 

However, in general, AR coupled with gamification provided experiences that were perceived 

as better than reading or traditional touring. 

Emerging and unexpected benefits were the activity and place promotion through social media 

(De Byl & Hooper, 2013; Koivisto & Hamari, 2014). As per the ethics and copyright constraints, 

this was not implemented in the app. While the players took screenshots and selfies with the 

paintings (which was expected), most of them also did that with the in-app game affordances 

(e.g., badges, trophy, progress). They would then share them on social media through their 

personal devices. Subsequently, the exhibition and the place received free exposure and 
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promotion to a broader population. This exposure could, in return, strengthen the reputation of 

the place, bring more potential students and increase the perceived value of the place. 

The amount of the information conveyed through the digital experience might be perceived as 

limited, as suggested in some comments. Moreover, the traditional tour guides, as per 

observation, filled the gaps with connecting stories or anecdotes that, overall, would appear like 

more information about a given painting or artist. There is also the ability of the tour guide to 

answer questions that was not implemented in the app. There is also the possibility of some 

visitors refusing to engage with the experience in this non-traditional or digital way, which 

specifically look for a traditional tour.  

On the other hand, the sustainability of the exhibition was another benefit (Negruşa et al., 2015). 

Hedonic motivation might have provided more than enough incentive to finish the tour for all 

the players. As abovementioned, players were redoing the tour in the hunt for the missed hidden 

features. Joyful body gestures were a common sight accompanying many of the tour 

completions. This behaviour was not observed in either of the comparison AR and CG groups. 

The added benefit would be the appeal of the experience. This was brought up in many post-

tour chats, and many stated that they would not even consider the tour if the tour was done in 

the traditional way. Many players also stated that knowing about the gameful experience would 

have also been an incentive to take the tour and for some, even a dealbreaker. This is probably 

due to the uniqueness (Frith, 2016) and the individual experience factors of the activity (Juul, 

2010). There is no self-pacing in traditional tours and no one-on-one interaction with the 

exhibits. The number of visitors looking for memorable experiences is increasing. Besides the 

enjoyment, there is evidence that these experiences may be further boosted by the interaction 

with the AR system itself (Tscheu & Buhalis, 2016). 
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5.2.1.6 WHAT ARE THE BENEFITS OF GAMIFIED AUGMENTED REALITY MICRO -LOCATION FOR 

THE PLACE STAKEHOLDERS?  

The behavioural outcome regarding learning about the indigenous culture proved to be a 

powerful experience for some participants. Through the joyful and engaging activity, they 

recognised the efforts and the extent the institution goes to preserve the culture and pass the 

knowledge to its members and the wider population.  

Many proposed that this experience should be incorporated into the core offerings of the 

institution. Some also proposed to use the app for all indigenous paintings on campus, as most 

parts of it have indigenous paintings on display. This hypothetical expansion of the app might, 

through a gameful experience, engage students, staff or visitors with many more paintings on 

campus, consequently engaging with more locations of the place and increasing awareness 

about the place. There is also the promotion of the place and the potential for bringing more 

visitors to the place. Subsequently, these visitors might become more invested in the place, 

either financially or emotionally, leading to a stronger psychological bond with the place and 

potentially increasing the value of the place. 

5.2.1.7 WHAT IS THE VALUE OF A GAMIFIED AUGMENTED REALITY MICRO-LOCATION FOR THE 

PLACE? 

As SOP can be influenced by performing interpretive activities (Stewart et al., 1998a), this may 

encourage the conservation of local cultural heritage in the long run. Moreover, employing 

gamification in SOP context could increase awareness about the culture and, in general, about 

cultural interest sites such as monuments and historical sites, by offering opportunities to 

explore places and obtain information about them (Oleksy & Wnuk, 2017), as well as 

facilitating active contact with a place.  
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Several studies have shown that understanding the nature of the person-place relationship is 

vital for natural resource planners and managers. For instance, Vaske and Kobrin (2001) found 

that increased Place attachment was linked to increased environmental responsibility among 

youths. Kyle et al. (2004) have also suggested that Place identity had a positive relationship 

with the support for particular natural resource policies. For instance, users having various 

attitudes about the conditions at the place. This relationship with the place and people affected 

their perception of their future actions. Similarly, the players showed increasing interest in the 

paintings, their preservation, and the place's uniqueness. These stronger stewardship intentions 

in literature were found to be a consequence of an increased Place attachment (Nielsen-Pincus 

et al., 2010). In the case of gamification use, through place attachment, higher enjoyment might 

strengthen these intentions.  

In addition to increased physical activity, gameful experiences could also improve the social 

connectedness of the players. This is in line with the findings of a PokémonGo study as per 

Vella et al. (2019, p. 1), noting that “gameplay could build social connectedness through real-

world engagement”. The social dimension was not a significant factor, probably due to the lack 

of actual implementation in the app. Nevertheless, some participants found a way to share their 

experiences on social networks and engage with the other participants during and after the tour 

and share the experiences. Similar to the PokémonGo study, the gamefulness could produce a 

sense of belonging linked to SOP, strengthens social ties, and facilitates conversations with 

strangers. The accessibility of the technology embedded into everyday routines and shared 

passion for games, aided by proper game mechanics, might encourage players to leave their 

homes. It could also positively affect the connectedness among players.  

Place’s value propositions are created through resources integration, where the meaning and 

Sense of place (Jorgensen & Stedman, 2001) are essential and product elements provided by 
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the place itself (Warnaby & Medway, 2015). Building upon (Vella et al., 2019) and (!!! 

INVALID CITATION !!! ), hedonic experiences have the potential to multiply the value of a 

place, adding to the social, physical and cultural operant resources. 

It is noted that the unequal age distribution might affect the generalisability of the findings for 

the older population, which is also discussed in the Limitations section (see section 6.2). 

5.2.2 RESEARCH QUESTION 2: HOW DO DESIGNERS OPTIMISE FOR SUCCESSFUL 

OUTCOMES OF A GAMIFIED AUGMENTED REALITY IMPLEMENTATION AT A PLACE? 

In this section, the author classifies and summarises the findings as per the DSRM and Design 

of the Artefact Chapter 6. To answer the second research question, this section looks at the 

positive and negative characteristics of gamified AR implementation and the recommendations 

and some lessons learned. It provides some guidance to designers and developers working on 

these kinds of projects and informs the artefact development in the fields of gamification and 

XR in general. The discussion starts with the first sub-question. 

5.2.2.1 WHAT ARE THE FUNCTIONALITIES AND LIMITATIONS OF GAMIFIED AUGMENTED 

REALITY MICRO-LOCATION OF A PLACE? 

Micro-location, gamification and AR possibly share at least one common notion; it seems that 

the best way to approach the design of these kinds of IS and have the rigour of the scientific 

inquiry is to use DSRM. Using DSRM proved to be irreplaceable and invaluable during the 

whole process. This is in agreement with the extant literature on the topic. As per Morschheuser 

et al. (2018), gamification is best implemented via DSRM and is also used for micro-location 

(Marques et al., 2017) and AR (Chu et al., 2018), showing excellent results. This is no surprise 

because this methodology was developed to be used in disciplines of applied character (Hevner 

et al., 2004, p. 20), of which IS and all above are part of. Offering the iterative process aligns 
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perfectly with the agile and lean development and design strategies (Conboy et al., 2015; 

Marques et al., 2018).  

To continue with the functionalities, the GARM-L is unpacked into three groups: gamification, 

AR and micro-location. Even though these technologies work in a symbiotic system relying on 

one another, this was necessary because these concepts constitute distinct sets of not mutual 

functionalities. For example, gamification is more of an abstract technique, while AR is more 

of applied technology, and micro-location is a technical umbrella term encompassing various 

technologies. 

Even though micro-location technology should be capable of locating a device on a room-scale 

(Newman, 2014), the most useful feature was context provisioning rather than location 

granularity. Two micro-location technologies were incorporated into the app, and the two 

played different roles with specific functionalities. AR proved to be better and more reliable in 

providing context for the information handling in the app, while iBeacon technology provided 

the positioning context for navigation and location. Beacons indeed provided context through 

a somewhat complex algorithm. Because location techniques like triangulation and trilateration 

were tested as unreliable for granular positioning with beacons, the precise position morphed 

into a room/corridor size contextual location as an area on the map. This might be considered 

as a limitation of the iBeacon technology. However, it is more likely that precise positioning 

was never the intended use of beacons. 

Moreover, high precision could be achieved by using swarms of beacons counting in hundreds 

or thousands depending on the area, which quickly becomes unpractical. On the other hand, AR 

provided the exact location when used, yet this was also not practical at length. This was 

because of the impact on the device’s battery and the fatigue caused in users’ arms from 

prolonged continuous use.  
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Nevertheless, the main functionality of AR was to provide context for artwork information 

presentation. AR proved to be a mature technology and worked flawlessly with some exceptions. 

As discussed in the Second Iteration section from Chapter 6, the two main issues were the level 

of augmentability of the painting and the lighting conditions of the painting exhibit. This led to 

removing paintings from the tour and reshuffling the locations of the paintings. These tweaks 

to the exhibit most likely would not be possible in most of the prospective use cases. Therefore, 

there is a need for further research and development of these AR techniques to address these 

limitations. These two issues aside, the AR technology was irreplaceable. No other technology 

would offer the functionalities of AR. AR should be capable of merging virtual objects into the 

real world (Azuma, 1997), creating a seamless real-time augmentation of reality (Van Kleef et 

al., 2010). This implementation delivered on those promises of AR. The second functionality 

of AR was to capacitate the implementation of gamification. This proved to be the right choice, 

and AR proved to be more than capable of facilitating the use of game affordances to enhance 

the system. These findings are in agreement with the literature exploring this blend of gameful 

AR (Oleksy & Wnuk, 2017; Tsai & Hsu, 2016). This blend of gamification and AR resulted in 

the functionality to convey the stories and the indigenous culture in an engaging, immersive 

and enjoyable way. 

Gamification's main functionality was providing a gameful experience, as the results suggest, 

relying on hedonic motivation. Arguably, the two main limitations were the simplicity of the 

3D models, the lack of a visual “wow” and animation, and the lack of social networks 

integration, according to the ethics approval. The recommendation for any prospective 

applications would be to have these implemented, to take the engagement and the experience 

to the next level, as per Hamari (2015). Supporting this, the social dimension emerged within 

the activity, even though not inherently implemented. In addition, and beyond the already 

discussed functionalities of gamification in providing the psychological and behavioural 
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outcomes, gamification provides another functionality. That is the immense potential to 

increase the freedom of expression of the artist. While beautiful graphics and animations do not 

require gamification, the addition of gameful augmentations could open a whole new world of 

possibilities for the artists and designers to interact with the public. What is more, the 

possibilities could increase even more when location and context are included in the mix. This 

is discussed next. 

5.2.2.2 WHAT ARE THE FEATURES OF GAMIFIED AUGMENTED REALITY MICRO-LOCATION OF A 

PLACE? 

Gamified AR micro-location is a complex system that relies on various technologies, 

techniques and concepts. However, when it comes down to human nature, the central one, the 

one everything revolves around, seems to be the place itself. Even though the end goal might 

have nothing to do with the place itself, performing the joyful activity, there could have quite 

an impact on the user’s bond with that place, in line with Hjorth (2011). The soulless warehouse 

might become a battleground (De Souza e Silva, 2009) that would be remembered and 

connected to for the rest of a person’s life. Deep good or bad experiences seem to have that 

effect on the individual or collective bonds to a location that then becomes or further evolves 

as a place. This blend of different constituents in the form of a GARM-L application showed 

that functionality to impact players' SOP, and subsequently the place itself, in line with Hjorth 

(2011) and Frith (2013). A major strength of GARM-L over the traditional GPS based systems 

was the ability to navigate a closed, indoor place (Newman, 2014) without getting anxious or 

lost in the hallways.  

All the above can be channelled to an answer to the second research question. In 

recommendation on how to optimise for successful outcomes, the designers and developers 

should implement the Design Science approach as rigorously as possible and implement the 
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three main components of gamification, AR and micro-location from the start in the design and 

development process, or at least as soon as possible. Moreover, follow the specifications and 

best practices in the field. Chapter 6 DSRM and Design of the Artefact provides guidance on 

many aspects, especially in one way of implementing the evaluation in the process, which is 

crucial to measure success and facilitate success for the next iteration. In the spirit of the agile 

and lean paradigm (Sommerville, 2011), this approach allows for rapid research and 

development, providing fast evolution of the artefact. Implementation of multisensory 

information delivery is also recommended, and the quality of the content and the information 

architecture should be at the highest level possible. Otherwise, it could harm the experience. A 

final recommendation would be to follow the guidelines provided by Hoehle et al. (2016) for 

mobile app interface evaluation and Vasilevski and Birt (2020) for XR Experience evaluation. 

Nielsen (2005) ten heuristics for the usability of the user interface are another recommended 

source. 

This concludes the evaluation section where the artefact was found to meet the requirements, 

and it is the last iteration. The research questions were answered, and the artefact is on par with 

the objectives of the solution. The research outcomes provide a comprehensive description of 

the GARM-l. However, further research is needed, specifically on the interaction of the 

concepts between and within the groups. The variation between the pre-intervention Sense of 

place should also be investigated.  

A small part of the knowledge inquired in this iteration was published in Vasilevski & Birt 

(2021) and Vasilevski & Birt (2020). The rest will be disseminated in future presentations and 

scientific publications. The next chapter explores the implications of the research and the future 

work, looks at the limitations and concludes the thesis. 
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“A beginning and an ending suggest the existence of a journey. Remove either, 

and you’ve lost all three.”  

 Craig D. Lounsbrough 

  

6 CONCLUSION 
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6.1 CONCLUSIONS 

This thesis has investigated the relationship between gamification of micro-location and Sense 

of place through service marketing in the context of an indigenous artwork tour. It explored the 

predictive capability of gamification and its constituents over the Sense of place and its 

dimensions. Moreover, the thesis explored the process of design and development of a software 

artefact to enable the experimental intervention. The previous chapters outlined the procedures 

undertaken drawing upon the literature, established methodologies and inquired data with the 

participants. This chapter concerns the conclusions and recommendations consequential to the 

research and presents the limitation and future work. 

The first objective was to investigate the gamification and Sense of place in an indoor and 

constrained space. Therefore, the experimental intervention was conducted with a sample of 

the student population at a university campus in Australia. The intervention was designed as a 

3x2 control (comparison) group experiment with two subsequent pre and post measurements. 

The experiment was conducted over a period of seven months and consisted of numerous 

traditional and digitally enhanced tours at an indigenous artworks’ exhibition place. This 

experience centred setting enabled the participants to engage, interpret and interact with the 

place in ways that were hitherto unavailable to them. More precisely, this experiment aimed to 

investigate the inner workings of gamification and how it could affect the individual Sense of 

place and its consequences. The place facilitated the demonstration and evaluation of the 

software solution capabilities to enable the experiment beforehand and support the second 

objective. The second objective of the thesis was to dive very deep into the process of building 

a software app that will solve the problem of enabling the intervention and providing ways for 

different activities and interactions with the place. The software artefact was investigated 

through the lens of Service marketing as an enhancing service to the place service system, 

looking at the cocreated value within the place. 
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Regarding the above and how all these concepts come together, the research set out to answer 

the following research questions:  

Research Question 1: Which predictors determine whether gamified augmented reality micro-

location implementation at a place increases SOP?  

Research Question 2: How do designers optimise for successful outcomes of gamified 

augmented reality implementation at a place? 

The findings of the research concerning the research questions are presented in the following 

sections. 

6.1.1 RESEARCH QUESTION 1: WHICH PREDICTORS DETERMINE WHETHER GAMIFIED 

AUGMENTED REALITY MICRO-LOCATION IMPLEMENTATION AT A PLACE INCREASES 

SOP? 

The research showed that the hedonic dimension of gamification was the strongest predictor of 

the variance in the Sense of place. The result supports other research so that when performing 

joyful and engaging activities through games at places, a positive attitude towards place 

emerges, and these activities tend to increase the Sense of place (Oleksy & Wnuk, 2017). The 

game aesthetics of Challenge and Discovery aimed at the design phase most likely aligned with 

the players' expectations and evoked the emotional responses, as per Hunicke et al. (2004). 

These emotional responses, such as fun and enjoyment, can be associated with psychological 

outcomes. One of these outcomes is an increased Sense of place. There is evidence that this 

hedonic part of the activity can predict the overall Sense of place.  

However, when Sense of place is unpacked into the three dimensions, Place identity, Place 

attachment and Place dependence, the hedonic dimension is not the only predictor. With Place 

identity, which concerns how a place carries personal or group values and meanings, the 
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strongest predictor was the XR experience. Place is an experiential system that contributes to 

self-identity and unique place character. XR experience through augmented reality provided 

means for the participants to experience the place in a different way. The experience could have 

been scaffolded by discovering new symbolic meanings via the app, bringing the indigenous 

culture closer to the users and linking them with the place (Droseltis & Vignoles, 2010). 

The hedonic dimension of gamification best predicted Place attachment. Place attachment 

develops relatively fast and is supported by activities at a place, specifically recreational 

activities in beautiful surroundings (Hidalgo & Hernandez, 2001; Lewicka, 2011) Jorgensen 

and Stedman (2011) (Brown & Raymond, 2007). In line with this research is the fact that the 

activity was joyful and performed in beautiful settings. However, the settings might not have 

played a significant role as the Sense of place variance was insignificant in the comparison 

groups. However, by bringing joy to the activity, the hedonic dimension could have played a 

major role in the increase of attachment to the place. 

Place dependence concerns the number of opportunities that the place offers in meeting goals 

and experiencing enjoyment (Lee et al., 2012; Lopez-Mosquera & Sanchez, 2011). Therefore, 

it agrees with the finding that the utilitarian dimension of gamification was the strongest 

predictor of Place dependence. The activity offered opportunities for learning, exploration, and 

a unique way of interaction within the place. Moreover, there was the opportunity to have fun 

throughout the activity.  

As an answer to the RQ1, approaching individually, Sense of place dimensions had distinct 

predictors. However, Sense of place as a holistic concept might be best predicted by hedonic 

experiences. Moreover, It is evident that the gamified activity might have affected the 

individual Sense of place, expressing minor to substantial psychological and behavioural 

outcomes. 
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6.1.2 RESEARCH QUESTION 2: HOW DO DESIGNERS OPTIMISE FOR SUCCESSFUL 

OUTCOMES OF A GAMIFIED AUGMENTED REALITY IMPLEMENTATION AT A PLACE? 

Gamification, micro-location, and augmented reality are all a part of the Information systems 

domain. The best-suited methodology for research and development in IS is the design science 

research methodology (Hevner et al., 2004). This research supports that notion. Moreover, it 

confirms that having the rigour of the scientific inquiry and the pragmatism of applied character 

disciplines can be very beneficial, spread throughout all phases of DSRM. 

Micro-location technologies used were Bluetooth proximity and augmented reality. The two 

worked together in providing a context to the programming logic of the app. Bluetooth iBeacons 

were used for navigation in the space, and AR was used for more granular positioning.  

However, the primary use of AR was for providing information and relating it to real-world 

objects. Moreover, it proved to be irreplaceable in this matter as it is the only technology that 

can provide this seamless real-time augmentation of reality (Van Kleef et al., 2010). Another 

use of AR was to enable gamification. This was a success, and together they provided a joyful 

and engaging way of conveying the information to the users, in line with (Oleksy & Wnuk, 

2017; Tsai & Hsu, 2016). 

Gamification attracted the focus by providing a gameful experience. The implementation was 

simple and effective in achieving the goal. The emergence of gamefulness is evident in the 

findings. However, the implementation might have benefited from social networks capability 

and better graphics. Nevertheless, gamification proved itself as an enhancing service for the 

place service system, as per Huotari and Hamari (2017). Together with AR, gamification can 

become a powerful tool in artists' hands, providing unique ways of expression for the artists. 
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Gamified AR micro-location is a complex structure. It encompasses various concepts, 

techniques and technologies that interconnect through place to reach us, humans. All these 

constituents have specific features that make them relevant to the system. For example, fun, 

engagement and gamefulness are the features that are intrinsic to gamification. Geolocation, 

navigation and positioning are features of location-based services. Micro-location provides the 

indoor context feature. Moreover, augmented reality features provide a unique capability of 

blending digital objects into the real world. All these features are part of the gamified AR micro-

location app. However, what is most important is that they seem to work together in enhancing 

indoor places with exceptional blended experiences unique to this system, as per Frith (2013); 

Hjorth (2011); (Newman, 2014). 

Throughout the four iterations, these multiple concepts were examined from different aspects. 

The first iteration was problem-based. It focused on understanding the problem and the 

definition of the objectives to solve the problem. It presented an innovative approach of using 

the rigour of the literature meta-analysis to investigate previous works from the app stores. The 

analysis informed the design of the solution by incorporating methods from multiple theories. 

The first iteration also presented the design and development of the solution that underwent 

demonstration and evaluation. The knowledge was disseminated via publication and a 

conference presentation (Vasilevski & Birt, 2019b).  

The second iteration and the following ones were design-based. All applied the knowledge 

inquired before and continued the research and development of the solution. While there were 

updates in the interface and the app logic, the focus in the second iteration fell on the augmented 

reality component deep optimisation. The inquired knowledge was communicated via 

conference paper and publication (Vasilevski & Birt, 2019a).  
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The third iteration focused on implementing the gamification component. General updates, bug 

fixes and optimisations were also performed. The communication channel for this iteration was 

a scientific journal article (Vasilevski & Birt, 2021). The fourth and final iteration focused on 

implementing the solution to solve the problem and meet the objectives. It was communicated 

through this thesis and forthcoming scientific publications. 

Many recommendations for integration and use surfaced from the process. For instance, using 

Design science in the process proved irreplaceable, in parallel with considering the best 

practices in the domain. However, the main would be the continuous evaluation (testing) of the 

features of the artefact, as well as holistically, for error mitigation and optimisation. This 

conclusion is in line with the spirit of the design paradigm and DSRM in meeting the objectives 

(Hevner et al., 2004; Peffers et al., 2007).  

The goal of Phase I was considered met. The researcher was able to identify and suggest the 

predictive power of the predictor variables on user perception of gamified service and SOP by 

answering the research questions and subquestions (see Figure 12 and Figure 55). It also 

allowed the purposeful selection of participants for the next phase. 

The goal of the first step of Phase I was to design, develop and implement an app that would 

enable and facilitate the experimental intervention on the individual Sense of place. The goal 

was split into six distinctive objectives. The first objective was met by developing a software 

artefact by following DSRM guidelines and answering RQ2. The second objective was to 

provide a digital form of the tour through a mobile app, which is considered met. Third, the app 

respected the obligations of the indigenous culture and granted ethics approval, thus meeting 

the objective. The fourth objective was met for the scope of the research by publishing the 

public beta version of the app on the mobile app stores, which proved to be easy to use. As per 

DSRM, the fifth objective was to communicate the knowledge collected, which was completed 
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for the first three iterations, and this thesis communicates the fourth iteration. The sixth 

objective was met by implementing the developed solution to answer the RQ1. 

Phase I goal was considered met by aiding the explanation of the quantitative findings from 

Phase I and answering the research questions and subquestions (see Figure 12 and Figure 55), 

in line with the Mixed methods approach. The findings of Phase II were beneficial for 

comprehension of the results and suggested  

6.1.3 SIGNIFICANCE 

In terms of theory, this research comes from the perspective of IS thinking, which seeks to have 

an appreciation of the interconnectedness of the human, information and technology. Sense of 

place is a complicated and challenging construct embodying many different facets. 

Understanding the application of gamification, AR and IoT, and the cycles emerging when 

people break routine behaviours to consider a broader context of their actions and reflect on 

their meaning can be a powerful potential instrument for change. These psychological and 

behavioural outcomes could also affect the communities and beyond. Even though this research 

is too small to have the power to generalise to those levels, it has moved a step closer to 

understanding the possibilities of place service system. 

This research identified strategies for implementing location-based gamification using micro-

location and proximity technology to increase the number of visitors and retain them and 

motivate them to return to a place by increasing SOP. The significance of the research lies in 

the notion that gamification can be used to increase SOP providing the benefits mentioned 

above to places such are heritage or event sites. It also provides a solid base for successfully 

implementing augmented reality and gamification in future business and scientific projects. 

Together, the answers to the research questions posed in the research have provided some 
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insight into how gamified augmented reality experience can interact with the individual Sense 

of place.  

This research also provides a high-level methodological framework that could be used as a basis 

for investigation of the factors and outcomes for the place and Sense of place related to gamified 

AR micro-location. This framework provides heuristics on an iterative experimental 

intervention that combines Design science and pragmatism of Mixed methods. 

The DSRM outcome is one or multiple artefacts as a solution to a problem, which in this 

research is to develop an application useful for gamified SOP experiences. The importance of 

this research is also to show how artefacts are produced under DSRM and to develop the 

literature in this area. This is a contribution to the IS field by proposing one verified procedure 

for successful gamified AR outcomes concerning speed, location and interface optimisation by 

listening to the users and using user-centred design practice.  

Another significance is the developed strategies potentially applied to other domains such as 

history, culture, tourism, and the travel industry. For example, the increased number of visitors 

can facilitate the economic growth of the area. Visitor fees, concessions and donations can fund 

the restoration and protection of the sites. Increasing the number of visitors can increase the 

promotion of the local cultural values through their promotion or by financial aid.  

It can also motivate new or existing tour operators and hotel chains to engage in site 

management by making financial contributions and marketing and adding to tourism 

sustainability. Visitors may be recruited as friends of a site and can help generate international 

support. The data and the results from this research considering the limitations can be 

generalised across many different projects in different domains, ranging from motivating 

learning, and fostering mobility to places to crowdsourcing. 
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In a hypothetical gamification scenario, every important site in a town, every monument, every 

museum, and even the exhibit items would be augmented with AR and beacons. Beyond the 

benefits, such as the automatic positioning and info on the particular monument, lies the visit 

of the other monuments and sites, seeing and exploring more. This can be achieved by 

motivating visitors through gamification (Frith, 2013; Koivisto & Hamari, 2014; Negruşa et al., 

2015; Zichermann & Cunningham, 2011). By visiting each site, the player interacts with the 

place, progresses, engages with others, and receives feedback. This seamless experience would 

be driven by game elements (affordances) (Attali & Arieli-Attali, 2015; Hamari, 2015; Hunicke 

et al., 2004). There would be no need for user input or scanning QR tags required. Everything 

is automated. Even sharing the progress on social networks is automated as per the user option.  

All this has many potential positive consequences, from education to business (Xu et al., 2016). 

Considering that the player will extend their time spent sightseeing might lead to visiting more 

stores and restaurants. Furthermore, because gamification can drive retention (Huotari & 

Hamari, 2011; Peretta, 2014), the players could be motivated to extend their stay to explore 

more, leading to visiting more stores and restaurants and booking a room. The player quests, in 

most cases, will result in meeting new people, a deeper insight into the local culture and learning 

about the history and traditions (Schieder et al., 2013; Walz & Ballagas, 2007).  

Interacting with the environment seamlessly and automatically has been visioned for many 

centuries. Augmented reality, the Internet of things and using beacon technology could provide 

means to achieve this vision. Applying gamification in the mix can provide more unique 

experiences and knowledge by encouraging interaction with the physical environment and by 

personalising the experience during the visit (Walz & Ballagas, 2007). Sharing on social 

networks and engaging other players and locals enhances the experience. It provides tourists 

with a fun and fantasy experience by offering a feeling that they are in a game (Xu et al., 2016). 
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The technological advancements of today have brought the virtual world within reach of people 

throughout the globe. Affordable mobile virtual reality devices and augmented reality on 

smartphones are just stepping stones into the future that will, on the one hand, shift much of 

our lives into the virtual worlds or the metaverses and, on the other hand, merge the virtual and 

the real world in the form of pure mixed reality where both are indistinguishable from each 

other. And the significance of place and, consequently, Sense of place, whether real or virtual, 

would become even more important. Therefore, the research on Sense of place, gamification, 

extended reality, and micro-location through the application of a service-dominant logic is 

needed even more. The novel approach of increasing Sense of place by using gamification of 

AR micro-location as a mechanism is novel and hitherto has not been considered to the authors’ 

knowledge. A better understanding of the connection of the above humanistic and technological 

concepts and how they come together has the potential to contribute greatly to the development 

of theory and practice in this research space and ultimately influence policy and future direction 

as well.   
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6.2 LIMITATIONS AND FUTURE RESEARCH 

There are several limitations to this research to be acknowledged. These can be categorised into 

limitations concerning hardware and software, policy and governance, culture and participants. 

Methodology limitations were addressed above in the Methodology chapter (see section 3.5.1). 

This category includes mobile devices, beacons, and the physical built environment. Due to the 

availability of the mobile devices and to limit the variance in the technology used, only one 

type of mobile device was used for the demonstrations. This approach limits the generalisability 

of the findings to other mobile devices, for example, iPhones or tablets, even though the visuals, 

logic and performance were very similar across the devices. Moreover, mobile devices showed 

battery drain and fatigue for users' arms that would also vary between the types and brands of 

devices. There is also the computational power and camera capability that can play a role in the 

user experience.  

The testing of beacon technology showed a requirement for a large number of beacons to be 

implemented for a reliable operation. Due to the budget constraints, this research was able to 

implement twenty beacons throughout the intervention space. This limited the capabilities of 

the implementation and affected the granularity of the positioning. There is also the limitation 

of the beacon technology being affected by temporary obstacles (human bodies, panels, boards) 

affecting the user experience and introducing unnecessary variance that should be mitigated by 

placing more beacons. The beacon battery is also a limitation as the longevity was predicted to 

be about two years with the implemented set. Beacons are tiny and easily blend in with the 

environment. However, they sometimes are not conceivable and are subject to theft.  

Regarding the software, limitations introduced in this research were the AR plugin capabilities 

and the optimisation of the software layer. By AR software not being able to recognise some of 

the paintings led to removing paintings from the tour, which poses a major limitation of the 
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software. However, it should not affect the research findings significantly, as the users were not 

informed about that and all groups had the same paintings for the tour. In contrast, the 

inconsistent performance of the user interface posed challenges that threatened the usability 

outcomes of the app. The issue was addressed with deep performance optimisation and research 

that made UI performance sufficiently consistent and was not reported by the participants. 

However, it led to a decrease in the development velocity and introduced delays, and even 

though it was not reported, it might have had some occasional adverse influence on the UX. 

Regarding the study of the related work in the design process (see section 4.4.1), the main 

limitation of the approach was the inability to test the downloaded apps in situ. Simulating AR 

was also an issue for some apps due to the location restrictions of the apps (the app would only 

work at the location intended).  

The built environment that was used to execute the intervention limited the research twofold. It 

was closed during the initial research and iterations due to expansion construction works that 

largely limited the research and development velocity and introduced delays. For example, the 

first and second demonstrations were in a simulated environment due to the construction works 

at the building where the paintings were on display and were not available.  

The other limitation was the usability of the place in terms of uniformity and lighting, which 

introduced multiple testing cycles and optimisations, resulting in delays. The latter might affect 

the generalisability of the findings by introducing specificity to this research, which was 

potentially mitigated or balanced by conducting the test in various environments per iteration. 

There were restrictions regarding the data access and institution policies and governance that 

limited the research. The tracking and location data collection policies enforced at the institution 

limited the amount and type of data collected. These policies were in place due to the security 
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and privacy risks to the institution and the participants. This objective data collected through 

the devices would have provided insight into the behavioural patterns and use of the app during 

the tour. This issue was somewhat balanced by observation. It is paramount for the follow-up 

research to address this. Moreover, the access to the WIFI location would have provided help 

in optimising the location algorithms, leading to a better UX.  

The policy, IT governance, and copyright limits effectively prevented the implementation of 

social network sharing and the investigation of that aspect of the experience as one of the main 

drivers of motivation. Participants shared their achievements and experience through their 

devices, which data was not attainable to the researcher. Another limitation was the slow 

response rate from the institution regarding the required permissions (such as placing the 

beacons) and access, which introduced significant delays. 

The restrictions regarding the indigenous culture introduced some limitations. First, the 

implementation of gamification was naïve due to concerns of diminishing the quality and 

importance of the artworks with high-quality visual effects. These concerns limited the 

investigation of that aspect of gamification. However, the majority of the users appreciated this 

simple implementation. Some of the information about the artists and the paintings was not 

available to the users. This scarcity of information might have affected the perception of 

completeness of the app and the user experience. There was also the issue of authenticity of the 

experience and finding and timetabling the personnel to narrate the experience. 

This timing issue also introduced some limitations regarding the participants. A prevalent 

problem for research at educational institutions is the access to participants. This research had 

the additional difficulty of recruiting the minimal sample size predicted by the power analysis. 

All available avenues were utilised to recruit participants to obtain the minimum number. 

However, due to many reasons, some known (such as sickness and family issues) and some 
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unknown, many recruited participants did not show up. The traditional group was most affected 

due to the timing and availability issues that prevented many recruited participants from 

participating in the research. These absences led to uneven distribution between the groups. The 

issue was self-corrected via the data points exclusions due to incompleteness or poor data 

quality. Nevertheless, a larger sample size should have added more power to the findings. If it 

had more time, this research would pursue its investigation by sampling more participants, even 

beyond student and institution populations. 

The population sample was limited to undergraduate and postgraduate. It is also noted that the 

unequal age distribution might affect the generalisability of the findings for the older population. 

To extend the generalisability of the research, a larger, broader sample or stratified sampling 

should add to it. To assure research reliability, a series of statistical tests used in this study was 

conducted on both sexes separately and did not provide any significant differences, showing no 

significant variance in the correlations of the Sex variable to the dependent SOP variables. 

However, it is still considered a potential threat to reliability.  

The interviews with the participants were limited only to the gamified AR group. However, the 

data analysis suggested that a sample from all groups should have provided an even deeper 

understanding of the gamification effects on SOP. 

The duration of the tour and the nature of the implementation provided only outcomes of a short 

term activity at a place. These might result in a limited generalisability for medium to long term 

satisfaction and retention cases. Gamification inner workings and dimensions interactions were 

not investigated. Gamification’s relation to AR / XR was also not investigated. These 

investigations could provide deeper insights into the findings. 
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Place identity depends on the history of the people with the place. Therefore gamification of 

more homogenous groups should provide more reliable results for this dimension of Sense of 

place. 

Considering the implications and time constraints of the current research, it is important to 

further investigate gamification and augmented reality in the context of Sense of place. For 

more conclusive results and a more in-depth understanding of the benefits and the optimisation 

of the use of technologies to enhance place, future works should also include longitudinal 

empirical research with larger sample sizes.  

This approach will investigate how these constructs can influence the evolution of the Sense of 

place over a more extended period. Medium to long term user satisfaction and retention 

concerning AR and gamification should also be explored as well as how these affect the place 

dimensions. Future research should include a deeper investigation of the gamification and place 

dimensions interplay, including qualitative and quantitative data collection from all groups. 

Other future investigations would look at the role of the game aesthetics or the types of fun in 

their roles leading to the outcomes. 

This thesis sheds light on the importance of enhancing the place with joyful experiences and, 

in a broader sense of culture, in constructing the individual Sense of place. Using cross-cultural 

comparisons might allow gathering information on the various cultural norms and attitudes 

towards places and investigating their influence on the individual and collective Sense of place.  

Finally, this research opens the door for future research to inform how augmented reality, 

gamification and place come together and how designers can optimise successful outcomes.
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8.1  APPENDIX 1: INTERVIEW PROTOCOL  

 

Explanatory Statement 

The purpose of this study is to explore location-based gamification of places and the 

impact on Sense of place (SOP). The following questions explore the role gamification 

plays in forming a psychological connection with a place. In this interview, I hope to hear 

about your Corrigan Walk experiences.  

The following questions will ask about your personal experiences while being on the 

Corrigan Walk and your use of the mobile app. There are no right or wrong answers to 

questions in this interview, and you may skip any questions that you do not want to answer.  

Your participation is voluntary. If at any point you wish to stop the interview, please let 

me know, and we will terminate the interview immediately.  

Your confidentiality and privacy will be protected by removing any identifying 

information from the transcriptions of this interview. This way, the information you 

provide cannot be connected back to your participation in this study. The audio recordings 

will be permanently deleted once the transcription of the interview has been completed.  

Interview  

RQ1 - Which predictors determine whether gamified augmented reality micro-

location implementation at a place increases SOP?  

1. Tell me about your history with Bond University.  

a. How long have you been studying here?  
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b. Why did you choose to study here?  

2. How would you describe Bond University as a place?  

3. How do you, personally, feel about Bond University? 

a. What aspects of this place do you like best/least?  

b. What is your favourite part of this place? 

RQ1.a - What are the benefits of gamified augmented reality micro-location for the 

place? 

4. What do you think about the Corrigan Walk app? 

a. What are the positive aspects of the app? 

b. What are the negative aspects of the app? 

c. How do you think the app changes your experience at Bond? 

RQ1.b - What are the benefits of gamified augmented reality micro-location for the 

place stakeholders? 

5. Can you describe how you felt about Bond after taking the artworks tour with the 

app? 

a. What were your feelings before taking the tour? 

RQ1.c. - What is the value of a gamified augmented reality micro-location for the 

place? 

6. What do you think about the game hunt for hidden features? 
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a. How did the gameplay make you feel?  

b. What did you notice or think about the features of the game? 

c. How did the gameplay part of the app make you feel about Bond? 

7. How does Bond benefit from an app like this? 

Emergent Q – What was the effect of the introduced interaction within the AR? 

8. How does the exhibition benefit from an app like this? 

9. How did you feel about being able to interact with the paintings through the app? 

a. How did the interaction make you feel about Bond? 

10. What do you think about the augmented reality of adding information onto the 

artworks through the app? 

a. Is this the first time you had used augmented reality; what do you 

think about the technology itself? 
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8.2  APPENDIX 2: INFORMED CONSENT FORM FOR PARTICIPATION IN 

THE STUDY 

Ethics Reference Number: NV00009 

Project Title: Gamification: Using Micro-location to Increase Sense of Place 

Through Service-dominant Logic 

My name is Nikolche Vasilevski, MSc from the Faculty of Society and Design at Bond 

University. I am conducting a study entitled: Gamification: Using Micro-Location to 

Increase Sense of Place Through Service-Dominant Logic. 

Project Overview 

This research analyses location-based gamification of places (GOP) and the impact on 

Sense of place (SOP). The significance of the research is that gamification can be used to 

increase SOP providing benefits that include value increase, boost visitor numbers, 

retention, and interpretation, provided to places such as heritage or event sites. Moreover, 

the research will provide a solid base for the successful implementation of gamification 

in future business or scientific projects. This includes gamification strategies that can be 

applied to other domains such as education, history, business, culture, and tourism. 

“Which predictors determine whether location-based gamification of places 

implementation increases Sense of place?” and “When location-based gamification of 

place is implemented, how do the designers optimise for successful outcomes?” are the 

main research questions. This research will also overview other aspects of location-based 

gamification of places, such as functionality features, benefits, and business value, as well 

as the shortcomings and limitations of GOP. The outcomes of this research will provide 

guidelines on strategies for the implementation of gamification of places and can be 
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generalised across many different disciplines. The findings will be beneficial to future 

gamified location-based implementation.  

Your involvement will take the form of a series of 2 (two) online surveys and, later on, 

prospective interviews and records of Corrigan Walk Tour app usage as un-identifiable 

anonymous data. 

If you are willing to be involved as part of this study, would you please sign the form 

below that acknowledges that you have read the Explanatory Statement, you understand 

the nature of the study being conducted and the risks and likely benefits of participation 

in this study, and you give permission for your survey and recorded data to be used as 

part of an unidentifiable analysis? 

Regards,  

Nikolche Vasilevski, MSc 

I [Name_______________________________________] having been fully informed of 

the nature of the research to be conducted in Gamification: Using Micro-Location to 

Increase Sense of Place Through Service-Dominant Logic and give my permission for 

my survey data and recorded observational app data to be used. 

Signature: __________________________  Date: ____________________________ 
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8.3  APPENDIX 3: ACKNOWLEDGMENTS TO THE INDIGENOUS 

LANDOWNERS 

We acknowledge and pay respect to the traditional owners of the land where we meet. 

Bond University is built on the ancestral lands of the Kombumerri clan, which are part of 

the Yugembeh people. As we share our own educational and research practices, we pay 

respect to their Elders – past and present – for the learning, teaching and knowledge 

passed on from generation to generation through their custodianship.  

In many Aboriginal communities, it is customary not to name or show images of the 

deceased. For the purpose of educating visitors about these artists and their careers, we 

advise any Aboriginal and Torres Strait Islander people that this tour may contain names 

and artistic images of people now deceased, and I apologise for any discomfort this may 

cause.  

As far as we can ascertain, no objects of a secret and/or sacred nature and no culturally 

restricted information will be disclosed. The stories that are shared with you today have 

been approved by the individual artists and art centres concerned, with the hope of 

educating and continuing these important traditions. 
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8.4  APPENDIX 4: RELATED WORK  

Table 54 

Related Work Search Results in the Context 
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Exclusion 
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Maximum scores   5  5     5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 76    

The San Diego Museum of Art B p 5 5 3.8 14 2 W GT 5 5 5 5 5 4 4 5 5 5 4 4 3 5 5 2 71  http://www.theguru.co/  

The Dali Museum B p 4.2 16 3.5 17 2 W 
NG

T 
4 5 5 4 5 5 4 4 5 5 5 5 0 5 0 2 63 4 https://thedali.org/about-dali/   

Rijksmuseum B m 3.8 31 4.3 958 2 B GT 5 4 5 5 4 5 5 3 5 5 4 5 0 0 5 2 62  http://www.rijksmuseum.nl/   

Chevré’ 3D I o     1 L GT 5 5 3 3 4 4 4 3 5 5 4 4 4 5 0 2 60  https://www.artefacto-ar.com/en/reference/chevre-3d-the-

augmented-reality-app/  

Not In context  

The Loop audio tour B m 4.8 4 4.1 7  W 
NG

T 
4 5 5 4 5 5 4 4 5 5 5 5 0 0 0 3 59 4 https://www.nma.gov.au    

Artefact B m 0 0 3.9 102 2 B GT 5 5 4 4 4 4 4 5 4 4 4 4 5 0 0 2 58  http://datastack.ru/   

Asian Art Museum SF B s 5 2 4.5 11 2 W 
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Bible Lands Museum Jerusalem B o 0 0 3.7 16 2 W 
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4 5 5 4 5 5 4 4 5 5 5 5 0 0 0 1 57 4 http://www.acoustiguide.com/   

Latvian National Museum of Art (LNMM) 

(Mākslas muzejs IOS) 
B p 0 0 4.7 62 1 W GT 4 4 4 5 5 4 4 5 5 5 3 3 4 0 0 2 57  http://www.cubemobile.lv/    

Dom Museum Wien (DMW) B m 0 0 4.9 8 2 DL GT 5 4 4 4 4 4 4 4 5 5 4 4 0 5 0 1 57  http://www.fluxguide.com/    

Illinois Holocaust Museum (Audio Tour) B o 5 1 0 0 1 W GT 4 3 5 4 5 5 4 4 5 5 5 5 0 0 0 2 56 4 http://www.acoustiguide.com/    

Palace of Versailles B m 0 0 3.3 318 2 W GT 5 5 4 5 4 5 4 5 3 4 5 4 0 0 0 2 55  http://www.chateauversailles.fr/    

Napier Museum B s ? ? 4.8 22 2 W 
NG

T 
3 4 4 4 5 5 3 3 4 3 4 5 0 0 5 2 54  http://keralaculture.org/    
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https://www.artefacto-ar.com/en/reference/chevre-3d-the-augmented-reality-app/
https://www.nma.gov.au/
http://www.acoustiguide.com/
http://www.acoustiguide.com/
http://www.cubemobile.lv/
http://www.fluxguide.com/
http://www.acoustiguide.com/
http://www.chateauversailles.fr/
http://keralaculture.org/
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Norman Rockwell Museum B p 4 5 ?5 2 2 W GT 3 3 4 5 3 4 4 4 3 3 4 5 2 5 0 2 54  http://www.cuseum.com/  

Guide: National Museum of Korea (Exhibition) B mo 5 1 3.9 251 2 D GT 4 4 3 5 3 5 4 3 4 4 4 4 0 0 5 2 54  http://www.museum.go.kr/   

O'Keeffe Museum Tours B p 4.7 9 3.6 7 2 W GT 4 4 3 3 4 5 4 4 3 3 4 5 0 0 5 2 53  http://www.okeeffemuseum.org/    

Mauritshuis B p 4.4 5 3.7 262 2 W 
NG

T 
3 4 4 5 4 4 3 3 3 4 3 4 0 5 0 2 51  http://www.kissthefrog.nl/   

Deutsches (Dt) Museum B o 4.7 76 4.6 442 1 W GT 4 4 4 4 4 5 4 3 5 3 4 5 0 0 0 2 51  https://www.deutsches-museum.de/en/whats-on/app/   

Canadian Museum for Human Rights CMHR B m 4 2 3.8 5 1 D GT 3 4 3 3 4 4 4 3 4 4 4 5 4 0 0 2 51  https://humanrights.ca/    

Museum Wiesbaden (MuWi) B o 0 0 4.8 5 1 W GT 4 4 5 4 5 4 4 5 5 5 5 0 0 0 0 1 51  https://www.museum-wiesbaden.de/   

The Viking Ship Museum (Vikingships) B o 4 3 4.3 24 2 B GT 3 3 5 5 5 3 4 4 4 5 4 4 0 0 0 2 51  http://petrusmedia.no/    

Petrie Museum B s 5 5 5 13 0 W GT 4 4 5 5 4 4 4 4 3 3 4 0 0 0 5 1 50  http://situate.io/   

Städel Highlights - Audioguide B m 0 0 4.4 5 0 W 
NG

T 
4 4 4 4 4 4 4 4 4 4 4 4 0 0 0 2 50  https://www.staedelmuseum.de/    

Museum Explorer B o 0 0 0 0 1 D 
NG

T 
3 3 3 3 4 4 4 3 4 4 3 5 0 5 0 1 49  http://museumovermensen.nl/  

 

ArtLens B m 4.4 14 4 63 0 W GT 4 3 3 5 5 4 3 3 5 5 3 3 0 0 0 2 48  http://www.clevelandart.org/  

 

British Museum Chatbot Guide B m 0 0 4.3 6 1 W 
NG

T 
4 4 4 5 4 4 4 3 4 5 5 0 0 0 0 2 48 1 http://www.commentvousdire.com/    

LSQSVN B o 0 0 5? 1? 8 W 
NG

T 
3 3 3 3 4 4 3 3 5 5 3 1 0 0 5 2 47  https://iguidevietnam.com/   

XR MUSEUM B p 5 1 3.7 217 2 MW 
NG

T 
3 3 4 3 4 4 5 3 5 5 4 0 4 0 0 0 47 5 http://trickeyemx.com/   

Yorktown Museum Gallery Tours B p 4.7 3 ?3 2 0 B GT 4 4 4 3 4 3 3 4 3 4 4 5 0 0 0 2 47  http://cortinaproductions.com/  

 

Louvre Chatbot Guide B m 5 12 4.6 165 2 W 
NG

T 
3 4 4 5 4 4 4 3 4 5 5 0 0 0 0 2 47 1 http://www.wavemining.com/  

 

Reblink B p 5 4 4 31 0 B 
NG

T 
4 4 4 5 3 4 4 1 4 5 3 1 4 0 0 0 46  http://www.impossiblethings.co/project/reblink/     

BMW Museum B o 5 4 4.4 129 0 W GT 3 3 4 4 4 3 4 3 4 4 4 4 0 0 0 2 46  http://www.bmw-museum.com/    

 

Maritime Museum Bilbao Guide (Smartguide) B m 0 0 4.7 23 2 W GT 3 3 4 3 3 5 3 4 3 4 4 4 0 0 0 2 45  http://www.museomaritimobilbao.eus/  

 

Clio Muse Tours B o 0 0 4.4 108 2 w GT 4 4 4 3 4 4 4 3 3 3 4 3 0 0 0 2 45  http://www.cliomusetours.com/  

Qwixi smart audio tours and quests (Immersive 

audio guide Qwixi) 
B o 0 0 4 69  W  3 4 3 5 3 4 3 4 3 3 5 3 0 0 0 2 45  https://qwixi.net/ Not in context 

The Railway Museum App B o 0 0 4.1 16 2 W 
NG

T 
3 3 4 5 4 4 4 5 3 4 4 0 0 0 0 1 44  http://www.railway-museum.jp/  

Weltmuseum Wien (WMW) B m 0 0 4.3 10 1 W GT 3 3 3 3 4 4 4 3 3 3 4 5 0 0 0 2 44  http://www.khm.at/ 

 

KHM Stories - Experience Kunsthistorisches 

Museum 
B p 4.9 7 4.5 263 2 LC GT 3 3 3 4 4 4 4 4 2 3 4 4 0 0 0 2 44  http://www.khm.at/ 

 

Oklahoma City (OKC) National Memorial & 

Museum (OKCNMM) 
B  4.3 3 4.8 16  LC GT 3 3 4 3 3 5 3 4 3 3 3 4 0 0 0 3 44  http://cortinaproductions.com/  

 

Art Institute of Chicago App B p 4.2 24 2.8 27 2 D GT 3 3 3 4 3 4 4 4 3 4 4 2 0 0 0 2 43  http://www.artic.edu/  

 

Nelson Museum & Walking Tours B m 0 0 0 0 0 W GT 3 3 4 3 2 3 4 4 2 3 4 3 2 0 0 2 42  http://touchstonesnelson.ca/ Repeated  

http://www.cuseum.com/
http://www.museum.go.kr/
http://www.okeeffemuseum.org/
http://www.kissthefrog.nl/
https://www.deutsches-museum.de/en/whats-on/app/
https://humanrights.ca/
https://www.museum-wiesbaden.de/
http://petrusmedia.no/
http://situate.io/
https://www.staedelmuseum.de/
http://museumovermensen.nl/
http://www.clevelandart.org/
http://www.commentvousdire.com/
https://iguidevietnam.com/
http://trickeyemx.com/
http://cortinaproductions.com/
http://www.wavemining.com/
http://www.impossiblethings.co/project/reblink/
http://www.bmw-museum.com/
http://www.museomaritimobilbao.eus/
https://qwixi.net/
http://www.khm.at/
http://www.khm.at/
http://cortinaproductions.com/
http://www.artic.edu/
http://touchstonesnelson.ca/
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Rodin Museum B s 0 0 4.6 19 0 B 
NG

T 
2 3 4 4 4 3 4 2 3 3 4 3 0 0 0 2 41  http://www.acoustiguide.com/   

Museo Sorolla (Sorolla Museum) B m 0 0 5 21 0 W 
NG

T 
2 3 4 3 4 2 3 3 2 3 4 4 4 0 0 0 41  http://www.6dlab.com/  

 

Paris Museums: Louvre Visitor Guide B m     1 B GT 2 3 4 3 3 4 3 4 3 4 4 1 0 0 0 2 40 3 http://www.museumtourguides.com/    

National Gallery Guide B p 0 0 3.3 43 1 W GT 2 3 4 3 3 4 3 4 3 4 4 1 0 0 0 2 40 3 http://www.museumtourguides.com/  

 

Paris Museums: Orsay Guide (Musee Orsay) B p 1 1 0 0 1 W GT 2 3 4 3 3 4 3 4 3 4 4 1 0 0 0 2 40 3 http://www.museumtourguides.com/    

British Museum B p 3.5 2 2.1 333 1 W GT 2 3 4 3 3 4 3 4 3 4 4 1 0 0 0 2 40 3 http://www.museumtourguides.com/    

MNAz - Museu do Azulejo B o 1.4 7 4.8 32 2 W GT 2 3 4 3 4 3 2 3 3 3 4 3 0 0 0 2 39  http://www.realizasom.com/ 

 

National Museum of Singapore (NMS) B m 1.3 4 3.3 21 2 ?D 
NG

T 
2 2 3 3 4 2 3 2 2 3 2 0 0 5 5 0 38  http://www.specialistapps.com/    

The (Workshops) Rail Museum Tour B o 0 0 0 0 0 B 
NG

T 
2 2 4 4 4 3 3 4 2 3 3 3 0 0 0 1 38  http://www.acoustiguide.com/  

 

Museu Guarda I s     0 W 
NG

T 
2 3 3 4 4 3 3 4 2 3 1 0 3 0 0 1 36  https://itpeopleinnovation.com   

Revoltella Museum B m 0 0 0 0 1 W 
NG

T 
3 3 3 2 3 3 3 2 3 3 3 4 0 0 0 1 36  http://www.museorevoltella.it/  

 

Carnavalet museum Step by step (Pas a Pas) B o 0 0 0 0 1 W 
NG

T 
2 3 3 5 5 3 2 3 3 4 2 0 0 0 0 1 36  http://www.parismusees.paris.fr/  

 

Frick Collection App B m 4.9 30 4.8 6 2 W 
NG

T 
3 2 2 5 3 2 3 2 1 1 4 4 0 0 0 2 34  http://www.frick.org/ 

 

QuickMuseum B o 0 0 1 1 1 WC GT 3 2 2 3 4 3 2 3 3 3 1 3 0 0 0 1 33  http://www.arternative.it/  

 

OTE Museum AR+ I m     1 B 
NG

T 
1 1 4 4 2 3 3 4 2 2 3 0 3 0 0 0 32  https://www.otegroupmuseum.gr   

Magic Museum B p 0 0 3.4 10 0 B 
NG

T 
2 2 3 2 4 3 3 4 0 0 4 0 4 0 0 0 31 5 https://www.magiceyemuseum.com/    

Ludwigsburg Museum (LuMu) B m 5 4 0 0 2 L 
NG

T 
2 2 3 2 4 2 2 2 3 3 3 0 0 0 0 1 29  http://www.ludwigsburgmuseum.de/   

National Gallery, London (IOS is paid) B p 4.8? 119? 3.4 8 0 B 
NG

T 
1 2 3 3 3 2 3 4 2 3 2 0 0 0 0 1 29 2 https://macsoftex.by/    

Louvre (IOS is paid) B p 4.8? 224? 3.7 13 0 B 
NG

T 
1 2 3 3 3 2 3 4 2 3 2 0 0 0 0 1 29 2 https://macsoftex.by/    

Victoria Gallery & Museum (VG&M) A o 5 1 ?5 1 0 W 
NG

T 
1 2 2 3 2 3 1 2 2 3 1 4 0 0 0 1 27  http://www.liverpool.ac.uk/   

Lok Virsa Museum Tour A m ? ? 0 0 2 ?W 
NG

T 
1 2 2 3 3 3 3 3 0 3 1 0 0 0 0 1 25  http://www.lokvirsa.org.pk/    

ASK Brooklyn Museum                            https://www.brooklynmuseum.org/ask  Cannot test 

BeMuseums B                           http://www.bemuseums.com/  Not able to use 

AMUSE B                           https://www.iluniontecnologiayaccesibilidad.com/ Not able to use 

British Museum Guided Tours                           6 http://www.tourblink.com/ Not in context 

Rome SmartGuide - Audio Guide & Offline Maps                           6 http://smart-guide.org/ Not in context 

Castellones de Ceal RA                            http://estresd.blogspot.com.es/ Not in context 

http://www.acoustiguide.com/
http://www.6dlab.com/
http://www.museumtourguides.com/
http://www.museumtourguides.com/
http://www.museumtourguides.com/
http://www.museumtourguides.com/
http://www.realizasom.com/
http://www.specialistapps.com/
http://www.acoustiguide.com/
http://www.museorevoltella.it/
http://www.parismusees.paris.fr/
http://www.frick.org/
http://www.arternative.it/
https://www.magiceyemuseum.com/
http://www.ludwigsburgmuseum.de/
https://macsoftex.by/
https://macsoftex.by/
http://www.liverpool.ac.uk/
http://www.lokvirsa.org.pk/
https://www.brooklynmuseum.org/ask
http://www.bemuseums.com/
http://smart-guide.org/
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Ciutadella Ibèrica Calafell                            http://www.digitbcn.com Not able to use 

Fuendetodos B                           https://fundacionfuendetodosgoya.org Not able to use 

QuestUpon – Augmented Reality I                           https://questupon.com/ Not in context 

Museum Guide B o 5 3 4.1 11  W                    http://www.historymuseum.ca/  Not in context 

Smithsonian Mobile                            http://www.si.edu/apps/smithsonianmobile  Not in context 

museum.de                            http://www.museum.de/ Not in context 

freshmuseum                            http://www.freshmuseum.com  Not in context 

Rick Steves Audio Europe                            http://www.ricksteves.com/  Not in context 

Museo del Prado Travel Guide                            http://www.etips.com/    

LivItaly Tours B  3.7 3 5 7  L                    http://www.livitaly.com/  Not in context 

Art Museum -The Arts & Culture A    0 0  W                    http://v2sapps.com/    

Discover Pompeii - Pompei audio tour B  4 5 4 381  W                   7 http://discoverpompeii.com/ 5 repeats  Not in context 

National Rail Museum New Delhi (NRM)                            http://www.krupa-consulting.co.uk/ Cannot test 

British Museum Travel Guide                           8 http://www.etips.com/  Not in context 

Metropolitan Museum of Art Travel Guide  MET                           8 http://www.etips.com/  Not in context 

Louvre Museum Travel Guide                           8 http://www.etips.com/  Not in context 

MUVIG I m                          www.muvig.net Not able to use 

PocketGuide Audio Travel Guide                            http://www.pocketguideapp.com/  Not in context  

Louvre Museum  I m                         8 
https://apps.travelappsactivities.com/apps/Louvre+Museum+

Visitor+Guide 

Not in context 

The O I o 4.3 8 0 0  B 
NG

T 
                  https://apps.apple.com/au/developer/museum-of-old-and-

new-art/id489738925 
Cannot test 

 

 

http://www.historymuseum.ca/
http://www.si.edu/apps/smithsonianmobile
http://www.museum.de/
http://www.freshmuseum.com/
http://www.ricksteves.com/
http://www.etips.com/
http://www.livitaly.com/
http://v2sapps.com/
http://discoverpompeii.com/%205%20repeats
http://www.krupa-consulting.co.uk/
http://www.etips.com/
http://www.etips.com/
http://www.etips.com/
http://www.muvig.net/
http://www.pocketguideapp.com/
https://apps.travelappsactivities.com/apps/Louvre+Museum+Visitor+Guide
https://apps.travelappsactivities.com/apps/Louvre+Museum+Visitor+Guide
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8.5  APPENDIX 5: SURVEY INSTRUMENT USED IN ITERATION 3  

Identifying with Places - Construction 2019 

 

Start of Block: Introduction 

 The survey is anonymous, and no data is collected that could identify you. You will be asked multiple-

choice questions. The survey takes 6 minutes to complete. If at any point you change your mind about 

doing the survey, you can simply close this window. If you have entered this survey by a direct link, it is 

recommended that you first read the explanatory note about this survey (Statements Link).  

 By clicking the start below, you acknowledge that you have read the Explanatory Statement, you 

understand the nature of the study being conducted and the risks and likely benefits of participation in this 

study, and you give permission for your survey and recorded data to be used as part of an unidentifiable 

analysis.  

 

Page Break 
 

End of Block: Introduction 

 

Start of Block: Demographic 

D_00 Please enter in a sequence:   

The second letter of your given name;  

Two-digit day for your birthday;   

The last two letters of your birthplace;  

________________________________________________________________ 

 

Page Break  

D_01 What is your age group? 

o Below 18  

o 18-24  

o 25-34  

o 35-44  

o 45-54  

o 55 or older  

Skip To: End of Survey If What is your age group? = Below 18 

 

https://nikvasi.com/explanatory_statement_consent.html
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D_02 Have you used Corrigan Walk Tour app? 

o Yes  

o No  

Skip To: End of Block If Have you used Corrigan Walk Tour app? = Yes 

 

D_03 What is your sex? 

o Male  

o Female  

 

D_04 What is your country of origin? 

▼ Afghanistan ... Zimbabwe 

 

D_05 Please indicate the highest level of education completed. 

o High School or equivalent  

o Vocational/Technical School (2 year)  

o College/University  

o College/University Graduate (4 year)  

o Master's Degree (MS)  

o Doctoral Degree (PhD)  

o Professional Degree (MD, JD, etc.)  

 

D_06 Are you studying at Bond University? 

o Yes  

o No  

 

D_07 Are you employed? 

o Yes  

o No  

o No, but used to be  

 

Display This Question: 

If Are you employed? = Yes 

D_08 Are you employed by Bond University? 

o Yes  

o No  

o No, but used to be  
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Display This Question: 

If Are you studying at Bond University? = Yes 

Or Are you employed by Bond University? = Yes 

D_09 Which Bond University faculty are you a member of? 

o Business  

o Law  

o Health Sciences and Medicine  

o Society and Design  

o Bond University College  

o None - Please explain ________________________________________________ 

 

Display This Question: 

If Are you employed? = Yes 

D_10 Are you... 

o Full Time  

o Part Time  

o Retired  

o Unemployed  

 

D_11 What is your current marital status? 

o Rather not say  

o Divorced  

o Living with another  

o Married  

o Separated  

o Single  

o Widowed  

 

D_12 Which of the following best describes the area you live in? 

o Urban  

o Suburban  

o Rural  

 

D_13 How many children under 16 years old live in your household? 

o None  

o 1  

o 2  

o 3  

o 4 or more  

 



   
 

380 
 

D_14 Please indicate your current household income in AU dollars. 

o Rather not say  

o Under $10,000  

o $10,000 - $19,999  

o $20,000 - $29,999  

o $30,000 - $39,999  

o $40,000 - $49,999  

o $50,000 - $74,999  

o $75,000 - $99,999  

o $100,000 - $150,000  

o Over $150,000  

 

D_16 How competent do you consider yourself when using technology? 

o Extremely competent  

o Moderately competent  

o Slightly competent  

o Neither competent nor incompetent  

o Slightly incompetent  

o Moderately incompetent  

o Extremely incompetent  

 

D_17 How frequently do you access the web from the following locations? 

 

D
ai

ly
 

W
ee

k
ly

 

M
o

n
th

ly
 

L
es

s 
th

an
 o

n
ce

 a
 m

o
n

th
 

N
ev

er
 

From home (including a home office)  ○ ○ ○ ○ ○ 

From work  ○ ○ ○ ○ ○ 

From university/school  ○ ○ ○ ○ ○ 

From a public terminal (e.g. library, cybercafe, etc.)  ○ ○ ○ ○ ○ 

 

D_18 What is your primary mobile device platform? 

o Android (Google)  

o iOS (Apple)  

o Linux  

o Other ________________________________________________ 

End of Block: Demographic 
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Start of Block: Multi-dimensional Sense of place 

S_00 The following questions ask about your feeling toward the Bond University Campus. 

 

S_01 What is Bond University to me? 

 

S
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 d
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Everything about the Bond University campus is a reflection of me.  ○ ○ ○ ○ ○ 

The Bond campus says very little about who I am.  ○ ○ ○ ○ ○ 

I feel that I can really be myself on the Bond campus.  ○ ○ ○ ○ ○ 

The Bond campus reflects the type of person I am.  ○ ○ ○ ○ ○ 

 

 

S_02 How do I feel at and off Bond University Campus? 
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I feel relaxed when I'm on the Bond campus.  ○ ○ ○ ○ ○ 

I feel happiest when I'm on the Bond campus.  ○ ○ ○ ○ ○ 

The Bond campus is my favorite place to be.  ○ ○ ○ ○ ○ 

I really miss the Bond campus when I'm away from it for too long.  ○ ○ ○ ○ ○ 

 

 

S_03 How do I feel doing things at Bond University Campus? 
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Bond is the best place for doing the things that I enjoy most.  ○ ○ ○ ○ ○ 

For doing the things that I enjoy most, no other place can compare to 

Bond.  
○ ○ ○ ○ ○ 

Bond is NOT a good place to do the things I most like to do.  ○ ○ ○ ○ ○ 

As far as I am concerned, there are better places to be than at Bond.  ○ ○ ○ ○ ○ 

End of Block: Multi-dimensional Sense of place 
 

 

Start of Block: Behaviours 

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = No 

B_00 The following set of questions is about your activities at Bond University Campus. 

 

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = No 

B_01 How much time do you spend at Bond campus per week? 

o Several hours  

o A day  

o Few days  

o Most of the week  

o The whole week  

o None - Please explain ________________________________________________ 

 

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = No 

B_02 Which Bond campus recreational facilities you use the most? 

o Don  

o Tavern  

o Lakeside  

o Papyrus  

o Sports Centre  

o Sport Fields  

o Rest areas - benches  

o None  

o Other ________________________________________________ 
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Display This Question: 

If Have you used Corrigan Walk Tour app? = No 

B_03 Which services from Bond University are you using?  

o iLearn  

o Medical Clinic  

o Counselling service  

o Disability  

o Student housing  

o Bookshop  

o JP/Commissioner for Declarations service  

o Library Services  

o Sport Facilities  

o Student Learning Support  

o Computing Support  

o Indigenous students  

o International students  

o Students living on campus  

o LGBTIQ services & support  

o Safety | Respect | Care | Consent  

o Response to sexual misconduct  

o Transformer  

o Religious services  

o None  

o Other  

 

Display This Question: 

If Are you studying at Bond University? = Yes 

B_04 How many classes do you attend per day in average, in a day when you attend? 

o Less than 2  

o 2  

o 3  

o 4  

o More than 4  

 

Display This Question: 

If Are you studying at Bond University? = Yes 

B_05 How many days per week do you have classes? 

o 1  

o 2  

o 3  

o 4  

o 5  

 

End of Block: Behaviours 
 

Start of Block: Gamification and UTAUT 
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Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

G_00 The following set of questions is about your Corrigan Walk Tour app experience. 

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

G_01 Ease of Use 
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Using the Corrigan Walk Tour app interface does not require a 

lot of mental effort  
○ ○ ○ ○ ○ ○ ○ 

The interaction with Corrigan Walk Tour app is clear and 

understandable  
○ ○ ○ ○ ○ ○ ○ 

I find the Corrigan Walk Tour app easy to use  ○ ○ ○ ○ ○ ○ ○ 

It is easy to get the interface of Corrigan Walk Tour app to do 

what I want it to do  
○ ○ ○ ○ ○ ○ ○ 

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

G_02 Social Influence 
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People who influence my attitudes would recommend 

Corrigan Walk Tour app  
○ ○ ○ ○ ○ ○ ○ 

People who are important to me would think positively of me 

using Corrigan Walk Tour app  
○ ○ ○ ○ ○ ○ ○ 

People whom I appreciate would encourage me to use 

Corrigan Walk Tour app  
○ ○ ○ ○ ○ ○ ○ 

My friends would think using Corrigan Walk Tour app is a 

good idea  
○ ○ ○ ○ ○ ○ ○ 
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Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

G_03 Playfulness 

The following questions ask you how you would characterize yourself when you use the app. For each 

adjective listed below check/circle the one that best matches a description of yourself when you interact 

with the Corrigan Walk Tour app. 
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Uninventive (reversed)  ○ ○ ○ ○ ○ ○ ○ 

Unoriginal (reversed)  ○ ○ ○ ○ ○ ○ ○ 

Unimaginative (reversed)  ○ ○ ○ ○ ○ ○ ○ 

Playful  ○ ○ ○ ○ ○ ○ ○ 

Curious  ○ ○ ○ ○ ○ ○ ○ 

Creative  ○ ○ ○ ○ ○ ○ ○ 

Flexible  ○ ○ ○ ○ ○ ○ ○ 

Experimenting  ○ ○ ○ ○ ○ ○ ○ 

Spontaneous  ○ ○ ○ ○ ○ ○ ○ 

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

G_04 Enjoyment 
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The experience using the Corrigan Walk Tour app and related 

activities is enjoyable  
○ ○ ○ ○ ○ ○ ○ 

The experience using the Corrigan Walk Tour app and related 

activities is pleasant  
○ ○ ○ ○ ○ ○ ○ 

The experience using the Corrigan Walk Tour app and related 

activities is exciting  
○ ○ ○ ○ ○ ○ ○ 

The experience using the Corrigan Walk Tour app and related 

activities is interesting  
○ ○ ○ ○ ○ ○ ○ 
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Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

G_05 Usefulness○ 
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Using Corrigan Walk Tour app makes it easier for me to start 

the tour.  
○ ○ ○ ○ ○ ○ ○ 

Using Corrigan Walk Tour app is useful for purposes of the 

tour.  
○ ○ ○ ○ ○ ○ ○ 

Using Corrigan Walk Tour app enables me to accomplish 

more with regard to the tour.  
○ ○ ○ ○ ○ ○ ○ 

Using Corrigan Walk Tour app enhances the effectiveness of 

the tour.  
○ ○ ○ ○ ○ ○ ○ 

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

G_06 Attitude 
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All things considered, I find using Corrigan Walk Tour App 

app is a wise thing to do.  
○ ○ ○ ○ ○ ○ ○ 

All things considered, I find using the Corrigan Walk Tour app 

is a good idea.  
○ ○ ○ ○ ○ ○ ○ 

All things considered, I find using the Corrigan Walk Tour app 

is a positive thing.  
○ ○ ○ ○ ○ ○ ○ 

All things considered, I find using the Corrigan Walk Tour app 

is favourable.  
○ ○ ○ ○ ○ ○ ○ 

End of Block: Gamification and UTAUT 
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Start of Block: XR Usability 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q70 The following questions are about the usability of the visualisation. Please select the most 

appropriate response and express an opinion (sentiment) on the… 

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q72 Accessibility:  

Visualisation being accessible or available for use at any time 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q74 Learnability:  

Visualisation allowing accomplishment of the learning objective 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q76 Cost: Visualisation being affordable in terms of monetary cost or efficiency in terms of time 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  
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Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q78 Satisfaction:  

Visualisation providing confidence in meeting the learning objective 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q80 Memorability:   

Visualisation providing effective or ease of re-establishing proficiency of the learning objective after a 

period (length) of time of the activity 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q82 Usability:  

Visualisation is responsive, robust, and stable (error-free) in use (e.g. there are no problems with motion 

sickness, frame rates, or general software bugs) 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q84 Manipulability:  

Visualisation allows for interactive variable manipulation e.g. rotation, time, scene objects, etc. 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  
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Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q86 Navigability:  

Visualisation allows for spatial translation (movement) of your (the users) viewpoint 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q88 Visibility:  

Visualisation provides a clear interface design to observe (view) and interpret the learning objective 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q90 Fidelity:  

Visualisation provides an accurate representation of the real world (including visual, touch and sound) 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q92 Communication:  

Visualisation supports discussion of learning objectives between stakeholders (instructor, learners, others) 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  
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Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q94 Creativity:  

Visualisation allows emergent, creative, playful discovery towards the learning objective 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q96 Engagement:   

The visualisations novelty, aesthetics, or feedback focuses learner attention and involvement on the 

learning objective 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q98 Motivating: 

The visualisation is motivating making the learner want to complete the learning objective 

o Strongly agree  

o Somewhat agree  

o Neither agree nor disagree  

o Somewhat disagree  

o Strongly disagree  

 

Display This Question: 

If Have you used Corrigan Walk Tour app? = Yes 

Q100 Reflective opinion (sentiment) of visualisation activity - Please provide detailed comments: 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

End of Block: XR Usability 
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8.6  APPENDIX 6: VARIABLES USED IN THE RESEARCH 

Variable Question - Description Choice - Input 

D_00 Please enter in a sequence: 

The second letter of your given name; 
Two-digit day for your birthday;  

The last two letters of your birthplace; 

 

D_01 What is your age group?  Below 18, 18-24; 25-34; 35-44; 45-54; 

D_02 Have you used Corrigan Walk Tour 
app? 

 Yes; No; 

D_03 What is your sex?  Male; Female... 

D_04 List of Countries  Afghanistan... 

D_05 Please indicate the highest level of 

education completed. 

 High School or equivalent High School or equivalent; 

Vocational/Technical School (2y); College/University; 

College/University Gaduate (4y); Master's Degree (MS); 
D_06 Are you studying at Bond University?  Yes; No; 

D_07 Are you employed?  Yes; No; 

D_08 Are you employed by Bond 
University? 

 Yes; No; 

D_09 Which Bond University faculty are 

you a member of? - Selected Choice 

 Business... 

D_09 - None - Please explain - Text 
 

D_10 Are you...  Full Time... 

D_11 What is your current marital status?  Rather not say... 

D_12 Which of the following best describes 

the area you live in? 

 Urban... 

D_13 How many children under 16 years 
old live in your household? 

 None... 

D_14 Please indicate your current 

household income in AU dollars. 

 Rather not say; Single; Living with another; Married; 

D_16 How competent do you consider 

yourself when using technology? 

 Extremely competent; Extremely competent; Moderately 

competent; Slightly competent; Neither competent nor incompetent; 
Moderately incompetent; Extremely incompetent; 

D_17_1 How frequently do you access the 

web from the following locations? - 

From home (including a home office) 

 Daily; Weekly; Montly, Less than once a monthl; Never ; 

D_17_2 How frequently do you access the 

web from the following locations? - 
From work 

Daily; Weekly; Montly, Less than once a monthl; Never ; 

D_17_3 How frequently do you access the 

web from the following locations? - 
From university/school 

Daily; Weekly; Montly, Less than once a monthl; Never ; 

D_17_4 How frequently do you access the 

web from the following locations? - 
From a public terminal (e.g. library, 

cybercafe, etc.) 

Daily; Weekly; Montly, Less than once a monthl; Never ; 

D_17_5 How frequently do you access the 
web from the following locations? - 

Other 

Daily; Weekly; Montly, Less than once a monthl; Never ; 

D_18 What is your primary mobile device 
platform? - Selected Choice 

Android (Google), iOS (Apple); 

D_18 What is your primary mobile device 

platform? - Other - Text 

 

S_01 What is Bond University to me? 
 

S_01_1 Everything about the Bond University 

campus is a reflection of me. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 
S_01_2 The Bond campus says very little 

about who I am. 

Strongly agree; Somewhat agree; Neither agree nor disagree; 

Somewhat disagree; Strongly disagree; 

S_01_3 I feel that I can really be myself on the 
Bond campus. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

S_01_4 The Bond campus reflects the type of 

person I am. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 
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S_02 How do I feel at and off Bond 

University Campus? 

 

S_02_1 I feel relaxed when I'm on the Bond 

campus. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 

S_02_2 I feel happiest when I'm on the Bond 

campus. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 
S_02_3 The Bond campus is my favorite place 

to be. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 

S_02_4 I really miss the Bond campus when 
I'm away from it for too long. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

S_03 How do I feel doing things at Bond 

University Campus? 

 

S_03_1 Bond is the best place for doing the 

things that I enjoy most. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 

S_03_2 For doing the things that I enjoy most, 
no other place can compare to Bond. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

S_03_3 Bond is NOT a good place to do the 

things I most like to do. 

Strongly agree; Somewhat agree; Neither agree nor disagree; 

Somewhat disagree; Strongly disagree; 
S_03_4 As far as I am concerned, there are 

better places to be than at Bond. 

Strongly agree; Somewhat agree; Neither agree nor disagree; 

Somewhat disagree; Strongly disagree; 

PS_01 What is Bond University to me? 
 

PS_01_1 Everything about the Bond University 

campus is a reflection of me. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 

PS_01_2 The Bond campus says very little 
about who I am. 

Strongly agree; Somewhat agree; Neither agree nor disagree; 
Somewhat disagree; Strongly disagree; 

PS_01_3 I feel that I can really be myself on the 

Bond campus. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 
PS_01_4 The Bond campus reflects the type of 

person I am. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 

PS_02 How do I feel at and off Bond 

University Campus? 

 

PS_02_1 I feel relaxed when I'm on the Bond 

campus. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 
PS_02_2 I feel happiest when I'm on the Bond 

campus. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 

PS_02_3 The Bond campus is my favorite place 
to be. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

PS_02_4 I really miss the Bond campus when 

I'm away from it for too long. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 
PS_03 How do I feel doing things at Bond 

University Campus? 

 

PS_03_1 Bond is the best place for doing the 
things that I enjoy most. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

PS_03_2 For doing the things that I enjoy most, 

no other place can compare to Bond. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 
PS_03_3 Bond is NOT a good place to do the 

things I most like to do. 

Strongly agree; Somewhat agree; Neither agree nor disagree; 

Somewhat disagree; Strongly disagree; 
PS_03_4 As far as I am concerned, there are 

better places to be than at Bond. 

Strongly agree; Somewhat agree; Neither agree nor disagree; 

Somewhat disagree; Strongly disagree; 

G_01_1 Ease of Use - Using the Corrigan 
Walk Tour app interface does not 

require a lot of mental effort 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 
disagree; Somewhat agree; Agree; Strongly agree; 

G_01_2 Ease of Use - The interaction with 

Corrigan Walk Tour app is clear and 
understandable 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_01_3 Ease of Use - I find the Corrigan 

Walk Tour app easy to use 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_01_4 Ease of Use - It is easy to get the 
interface of Corrigan Walk Tour app 

to do what I want it to do 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 
disagree; Somewhat agree; Agree; Strongly agree; 

G_02_1 Social Influence - People who 

influence my attitudes would 
recommend Corrigan Walk Tour app 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_02_2 Social Influence - People who are 

important to me would think 

positively of me using Corrigan Walk 
Tour app 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 
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G_02_3 Social Influence - People whom I 

appreciate would encourage me to use 

Corrigan Walk Tour app 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_02_4 Social Influence - My friends would 
think using Corrigan Walk Tour app 

is a good idea 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 
disagree; Somewhat agree; Agree; Strongly agree; 

G_03 Playfulness The following questions 

ask you how you would characterize 
yourself when you use the app. For 

each adjective listed below 

check/circle the one that best matches 
a description of yourself when you 

interact with the Corrigan Walk Tour 

app 

 

G_03_1 Playfulness - Uninventive (reversed) Strongly agree; Agree; Somewhat agree; Neither agree nor disagree; 

Somewhat disagree; Disagree; Strongly disagree; 

G_03_2 Playfulness - Unoriginal (reversed) Strongly agree; Agree; Somewhat agree; Neither agree nor disagree; 
Somewhat disagree; Disagree; Strongly disagree; 

G_03_3 Playfulness - Unimaginative 

(reversed) 

Strongly agree; Agree; Somewhat agree; Neither agree nor disagree; 

Somewhat disagree; Disagree; Strongly disagree; 

G_03_4 Playfulness - Playful Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_03_5 Playfulness - Curious Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 
disagree; Somewhat agree; Agree; Strongly agree; 

G_03_6 Playfulness - Creative Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_03_7 Playfulness - Flexible Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_03_8 Playfulness - Experimenting Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 
disagree; Somewhat agree; Agree; Strongly agree; 

G_03_9 Playfulness - Spontaneous Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_04_1 Enjoyment - The experience using the 

Corrigan Walk Tour app and related 

activities is enjoyable 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_04_2 Enjoyment - The experience using the 
Corrigan Walk Tour app and related 

activities is pleasant 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 
disagree; Somewhat agree; Agree; Strongly agree; 

G_04_3 Enjoyment - The experience using the 

Corrigan Walk Tour app and related 
activities is exciting 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_04_4 Enjoyment - The experience using the 

Corrigan Walk Tour app and related 

activities is interesting 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_05_1 Usefulness - Using Corrigan Walk 

Tour app makes it easier for me to 

start the tour. 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_05_2 Usefulness - Using Corrigan Walk 

Tour app is useful for purposes of the 
tour. 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_05_3 Usefulness - Using Corrigan Walk 

Tour app enables me to accomplish 

more with regard to the tour. 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 
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G_05_4 Usefulness - Using Corrigan Walk 

Tour app enhances the effectiveness 

of the tour. 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_05_5 Usefulness - I find Corrigan Walk 
Tour app useful. 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 
disagree; Somewhat agree; Agree; Strongly agree; 

G_06_1 Attitude - All things considered, I find 

using Corrigan Walk Tour App app is 
a wise thing to do. 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_06_2 Attitude - All things considered, I find 

using the Corrigan Walk Tour app is a 

good idea. 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

G_06_3 Attitude - All things considered, I find 
using the Corrigan Walk Tour app is a 

positive thing. 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 
disagree; Somewhat agree; Agree; Strongly agree; 

G_06_4 Attitude - All things considered, I find 

using the Corrigan Walk Tour app is 
favourable. 

Strongly disagree; Disagree; Somewhat disagree; Neither agree nor 

disagree; Somewhat agree; Agree; Strongly agree; 

Q85 How many features did you find? None; 1; 2; 3; 4; 5; 6; 7; 8; All; 

Q72 Accessibility: The app is accessible or 

available for use at any time. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 
Q74 Learnability: The app allowing 

accomplishment of the objectives. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 

Q76 Cost: The app is affordable in terms of 
monetary cost or efficiency in terms 

of time. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

Q78 Satisfaction: The app is providing 
confidence in completion of the 

objectives. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

Q80 Memorability: The app is providing 
effectiveness or ease of re-

establishing proficiency after a period 

(length) of time of the activity 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

Q82 Usability: The app is responsive, 

robust, and stable (error-free) in use 

(e.g. there are no problems with 
motion sickness, frame rates, or 

general software bugs) 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 

Q84 Manipulability: The app allows for 
interactive variable manipulation e.g. 

rotation, time, scene objects, etc. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

Q86 Navigability: The app allows for 
spatial translation (movement) of your 

(the users) viewpoint. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

Q88 Visibility: The app provides a clear 
interface design to observe (view) and 

interpret the artworks. 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

Q90 Fidelity: The app provides an accurate 
representation of the real world 

(including visual, touch, sound). 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

Q92 Communication: The app supports 
discussion between the stakeholders 

(instructor, learners, others) 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

Q94 Creativity: The app allows emergent, 
creative, playful discovery towards 

the objectives 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

Q96 Engagement: The app's novelty, 
aesthetics, or feedback focuses users 

attention and involvement on the 

objectives 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 
Somewhat agree; Strongly agree; 

Q98 Motivating: The app is motivating 

making the user want to complete the 

objectives 

Strongly disagree; Somewhat disagree; Neither agree nor disagree; 

Somewhat agree; Strongly agree; 
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Outcome Variables    

SOP_Pre    

SOP_Post    

PI_Pre    

PI_Post    

PA_Pre    

PA_Post    

PD_Pre    

PD_Post    

G1_Ease_Of_Use    

G2_Social_Influence    

G4_Enjoyment    

G5_Usefulness    

G6_Attitude    

G3_Playfulness    

G_HED    

G_UTIL    

XR_Utility    

XR_Engagement    

XR_Experience    

XR_MEAN    

PLS_END    
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8.7 APPENDIX 7: REGRESSION SUPPLEMENTARY DATA 

Figure 56 

Histogram of the Dependent Variable SoP_Mean 

 

Figure 57 

Normal P-P Plot of Regression Standardised Residual Dependent Variable SoP_Post 
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Figure 58 

Regression Scatterplot for Dependent Variable SoP_Post 

 

 


