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This doctoral dissertation investigates the role of virtual try-ons (VTOs) enabled by 

augmented reality (AR) to foster positive consumer responses using a presence theory 

approach. Presence refers to the sense that a virtual object is real, and due to its importance 

in decision making, current research focuses on spatial presence as the key feature of a 

realistic product experience. However, this notion is used solely to refer to the feeling that 

the virtual product is real; thus, research overlooks the fact that when consumers are 

looking to make a purchase, they use other dimensions of the tangible experience in their 

decision making. In addition, it is not understood how the AR experience enables the 

exploration of styles and subsequent consumer responses.  

This research fills these gaps with four articles that investigate AR in several ways. The 

first study starts by showing key antecedents of AR optimal experience and provides 

practical grounds to investigate the importance of the three presence dimensions. I find 

that the optimal AR experience delivers a realistic experience of the product, the virtual 

self, and the social context. Thereafter, this dissertation emphasizes the key role of 

presence theory in explaining consumer responses and empirically tests the theory of 

presence with a multi-dimensional perspective comprised of spatial, social, and self-

presence as well as a multi-contextual perspective that investigates consumer responses 

at the decision-making stage and earlier in the customer journey. At the decision-making 

stage, the results show that AR influences attitude certainty via spatial and social but not 

self-presence. However, self-presence positively influences consumers’ responses toward 

brands when they are exploring styles in the early stage of the decision journey. 

The main contribution lies in redefining the presence experience in AR and in uncovering 

its effects on the consumer experience in different contexts. The results confirm the 

importance of a multi-dimensional view of presence, and the multi-contextual approach 

shows that the role of presence is more complex than the existing research suggests. In 

addition, this dissertation proposes guidelines for retailers, AR developers, and marketers 

to better deliver value to consumers in different contexts. Lastly, this dissertation ends 

with a call for future research on presence to further provide a detailed understanding of 

optimal realistic experience and its outcomes. 

Keywords: e-commerce, consumer behavior, augmented reality, spatial presence, self-

presence, social presence
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1 Introduction 

Because consumers have high expectations, little patience, and numerous options, 

customer acquisition and loyalty are complicated objectives for firms (Wilson, 2023). A 

recent study showed that 61% of consumers are excited about realistic, convenient, and 

seamless experiences (Wilson, 2023). Thus, immersive shopping technologies, such as 

augmented reality (AR) and virtual reality (VR), are gaining momentum (Tom Dieck & 

Han, 2022). The development of virtual try-on (VTO) technology enables consumers to 

virtually try on fashion, footwear, and accessories by overlaying digital content to alter 

their views of a physical service environment (Heller et al., 2021). Sephora is among the 

retail success stories and has gained a competitive advantage in the cosmetics industry by 

using AR service augmentation as part of the retail experience both offline and online to 

showcase the multitude of styles available so consumers can try before they buy (Qian, 

2021). Specifically, the process of trying on makeup to see how the makeup looks using 

the Sephora AR-VTO (their smartphone’s display) app is similar to the way consumers 

try on makeup in real life (Qian, 2021). Thus, AR enables consumers to evaluate products 

in an authentic manner as they would if they were in a physical retail store (Hilken et al., 

2017). Encouraging AR usage is profitable for brands because it is associated with 

increased sales from online channel adoption and category expansion (Tan et al., 2022). 

Online channel adoption occurs when new online users adopt AR for shopping, while 

category expansion refers to introducing new customers to the product category (Tan et 

al., 2022). The resulting increase in sales is particularly important for high product-related 

uncertainty thus, AR helps to evaluate product fit and increases consumers’ purchase 

confidence (Tan et al., 2022). 

Moreover, AR provides novel opportunities to engage consumers and transform brand 

experiences (Tan et al., 2022). Consumers value enjoyable and memorable experiences 

provided by companies that deliver personalized content (Gilmore & Pine, 1998). In 

addition, consumers require engaging interactions that enable deeper personalization 

(Wilson, 2023). In response, consumers increasingly use AR in their decision journey. 

For instance, by 2025, the rate of AR usage when buying products online is expected to 

reach 18% in Europe and 28% in the United States and Canada (Statista, 2022). However, 

determining whether to use AR and how to implement AR to serve firms’ strategic goals 

remains a difficult decision for any business (Chandukala et al., 2022). In addition, 

researchers called for an increased understanding of the role of AR at different stages of 

the decision-making journey to enhance firms’ competitive advantage (Kannan & Li, 

2017). 

Given the technological differences between AR’s many existing formats, current 

frameworks may neglect the role of influential AR features (Rauschnabel et al., 2019). 

AR-powered VTOs enable a tangible service encounter that integrates several presence 

dimensions. Presence is a psychological state that occurs when people believe that a 

virtual object is real (Lee, 2004). According to experts in the field, AR assists users in the 

completion of a task via a presence experience that occurs when AR realistically and 

seamlessly merges real and virtual content (Rauschnabel, Felix, et al., 2022). This 
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dissertation defines and investigates a three-dimensional AR presence experience 

comprised of spatial, social, and self-presence as the key determinants of a successful 

realistic shopping experience. Lastly, this dissertation integrates several dimensions of 

the presence experience to propose a framework for AR implementation of presence 

dimensions depending on firms’ strategic goals such as facilitating decision-making and 

creating optimal brand experiences. 

 

1.1 Background and motivation for the dissertation project 

The study of AR and its unique ability to embed a virtual object into the user’s 

environment and enhance spatial presence is gaining interest in various fields, such as 

marketing and services research (Heller et al., 2021; Smink et al., 2020), health care 

(Kaczmarek et al., 2017), psychology (Botella et al., 2010; Juan et al., 2006), engineering 

(Schein & Rauschnabel, 2021), education (Cai et al., 2014; Cheng & Tsai, 2013), and 

tourism (Fan et al., 2022; Orús et al., 2021). This dissertation relates to the impact of AR-

based presence on product and brand evaluation and draws from three literature streams: 

human–computer interaction (HCI), media and communication, and consumer 

psychology. 

Figure 1. Positioning of the dissertation 

     Focus area of the research: The multi-dimensional presence experience in AR 

influences consumer responses 

 

Media & 

communication 

literature  

 
Consumer psychology 

literature 

Multidimensional 

perspective of presence 

enhances the 

understanding of 

consumers’ responses 

Contextual 

differences in 

presence outcomes: 

decision making and 

brand experience 

Presence as a realistic 

experience 

Human-computer 

interaction literature 
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First, this dissertation draws from the literature on AR in the field of HCI. Research on 

AR in HCI encompasses three key fields: (1) education, learning, and training research; 

(2) marketing, consumer behavior, and business research; and (3) digital tourism and 

cultural heritage research. AR users are influenced by a realistic virtual experience, which 

is similar to actually experiencing the event (Hilken et al., 2017). Research within this 

stream of literature suggests that contemporary technologies should be considered as a 

manifestation of an underlying phenomenon rather than as particular objects (Flanagin, 

2020). Virtual technologies such as AR, VR, and mixed reality create a realistic 

perception of the virtual content in a phenomenon known as presence or telepresence 

(Lombard & Ditton, 1997). Presence is a complex mechanism that needs to be precisely 

conceptualized (Lombard & Jones, 2015). Thus, the concept of presence serves as a 

taxonomy to define and differentiate virtual technologies (Milgram & Kishino, 1994). To 

differentiate virtual technologies, HCI research places AR experiences on a virtuality 

continuum (Milgram & Kishino, 1994) that goes from a computer-mediated display of 

the real environment (e.g., a video feed of Saimaa Seals) to a fully virtual environment 

(e.g., a video game). Virtual elements refer to computer-generated items, while real 

elements are tangible elements that exist in the real world and can be perceived via senses 

such as sight and touch (Milgram & Kishino, 1994).  

Mixed realities encompass technologies that create an environment that includes both real 

and virtual objects (Milgram & Kishino, 1994). AR overlays virtual elements onto the 

real environment in real time, while VR embeds elements of the real user’s experience 

into a virtual environment in real time (Milgram & Kishino, 1994). VR and AR refer to a 

set of technologies that create a mix of real and computer-generated virtual elements with 

the aim of creating the impression that the experience is not actually artificial but real 

(Milgram & Kishino, 1994). Therefore, AR and VR are similar experiences because the 

elements that constitute the experience are a mix of real and virtual objects placed at 

different levels of the reality–virtuality continuum. Thus, virtual technologies such as AR, 

VR, and mixed reality create a sense of presence (Lombard & Ditton, 1997).  

Second, the media and communication literature discusses the outcomes of presence and 

the process that leads to attitudes and intentions being changed. The media and 

communication literature is interested in the process that leads people to perceive that 

information transmitted by a medium feels real (Schubert, 2009) as well as the role of 

presence as a predictor of attitudinal and behavioral changes when people use media 

technology (Bandura, 2001). For instance, VR is often described as an empathy machine. 

When watching VR films from the New York Times on refugee children in South Sudan, 

Ukraine, and Lebanon, presence increased viewers’ empathy (Shin, 2018). In addition, 

spatial presence increased empathy and the intention to share the news story (Sundar et 

al., 2017). However, presence failed to explain differences in the level of empathy after 

storytelling; instead, the emotional intensity of the story was more influential (Sundar et 

al., 2017). These inconsistent findings have prompted researchers to extend the 

dimensions of presence beyond the unidimensional concept of spatial presence. In the 

absence of differences in spatial presence, higher social presence of a 360° video about 

the refugee crisis increased empathy and prosocial behaviors (Pimentel et al., 2021). 
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Beyond spatial presence, identification with the avatar (i.e., a component of self-

presence) enhanced empathy and prosocial behaviors in a virtual world setting (Gillath et 

al., 2008). Some studies have used the multidimensional conceptualization of presence to 

show that each dimension of presence has a unique impact on people’s attitudes and 

behaviors (Behm-Morawitz, 2013; Ma, 2020). Thus, the multidimensional concept of 

presence in this field informs the multidimensional perspective adopted in this 

dissertation. Regarding the impact of AR on media users, research remains scarce, and 

the few studies have focused on the unidimensional sense of spatial presence (Aitamurto 

et al., 2022). Specifically, the study found that the AR condition (compared with an 

interactive and static condition) led to a higher sense of spatial presence. Nevertheless, 

no clear benefit of AR on consumer responses emerged (Aitamurto et al., 2022). 

Therefore, this field is in its infancy, and the dimensions of presence in AR need to be 

investigated further. This dissertation relies on the intersection of HCI with the media and 

communication literature to describe how the multi-dimensional sense of presence that is 

specific to the current AR experience influences attitudes and changes intentions. 

Third, consumer psychology research is interested in decision making (Bettman et al., 

1991), motivation (Rucker & Petty, 2004; Wan et al., 2010), and persuasion (Cialdini et 

al., 2006). Consumer psychology is being increasingly applied in retail contexts to 

investigate the similarities and differences of using technologies in online setting or in-

store (e.g., Daugherty et al., 2005; Vinitzky & Mazursky, 2011). In the store context, 

when consumers evaluate a product in a direct experience, it increases sales (Zhang et al., 

2022). Offline purchases result in higher consumer value because consumers are more 

engaged in the store than on an e-commerce website (Zhang et al., 2022), and they can 

better learn about products from a direct experience (Hoch & Deighton, 1989; Zhang et 

al., 2022). Products that need to be tried on (i.e., experiential products) are best sold 

offline because consumers require a direct, tangible, and multisensory experience (Zhang 

et al., 2022). Research in the context of e-commerce websites recognizes the importance 

of several dimensions of presence (typically spatial and social presence) on consumers’ 

attitudes and behaviors. Presence online provides a realistic experience that resembles the 

in-store experience in many aspects. For instance, three-dimensional images enhance the 

sense that the product is real compared to two-dimensional images (i.e., spatial presence), 

increase product knowledge, and improve brand attitudes and purchase intentions (Li et 

al., 2002). In addition, websites that integrate social cues have a competitive advantage 

due to increased human connections and social bonds (Wang et al., 2007). Social cues on 

websites can give consumers a sense that the seller is real, increase trust in the e-seller 

(Sohn et al., 2020), or make it easier to shop online together with a friend in different 

locations by giving a sense that the shopping partner is there in the virtual world (i.e., 

social presence; Zhu et al., 2010). Furthermore, social cues increase hedonic and 

utilitarian value, enhance patronage intentions (Wang et al., 2007), and consequently 

increase sales (Gefen & Straub, 2003). Overall, this dissertation relies on the intersection 

of the fields of HCI and consumer psychology because it demonstrates that the virtual 

environment provides a realistic experience and increases positive consumer responses in 

several contexts such as decision making and brand experiences. 
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AR technology can enhance the e-commerce shopping experience using VTO 

technologies. A VTO is a technology that enables consumers to use a three- dimensional 

virtual model that serves as a realistic virtual self to try on apparel (Merle et al., 2012). 

When consumers feel they can interact with an object, AR creates a sensory experience 

that users perceive as authentic (Hilken et al., 2017). Thus, AR enhances spatial presence 

compared to an e-commerce website (Verhagen et al., 2014); this direct and tangible AR 

experience enhances sales compared to other e-commerce websites (Tan et al., 2022). 

Consumers’ faces and bodies are augmented with virtual products, such as apparel and 

accessories (Verhagen et al., 2014). Furthermore, VTO technology powered by VR 

enables a realistic experience of one’s own face and body to increase identification with 

the avatar (i.e., self-presence) and thus improve the perceived diagnosticity of the apparel 

(Suh et al., 2011). Thus, VTO technologies require the incorporation of self-presence as 

part of the multidimensional concept of presence. AR-based VTOs incorporate the 

product, the self, and the branded AR app (Lavoye, 2023). Therefore, the 

multidimensional concept of presence requires further research to clarify the impact of 

this specific dimension on consumer response. This dissertation relies on the field of 

media and communication research at the intersection of consumer psychology literature 

because it shows that the three-dimensional approach to presence predicts consumer 

responses in various ways. 

 

1.2 Research objectives  

1.2.1 Research gaps addressed by the dissertation 

This section outlines the four research gaps addressed in this dissertation. These gaps are 

related to the optimal experience of AR in retail and adopt a presence theory perspective. 

These gaps serve as the basis for the objectives and research questions of the dissertation, 

which are subsequently presented and discussed. 
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Gap 1: Lack of clarity about the influence of AR on consumer responses in retail. 

Previous literature reviews on AR have identified the gaps in AR research. Specifically, 

there are two popular literature reviews identified in AR research: Bonetti et al. (2018) 

and Javornik (2016a). First, Bonetti et al.’s (2018) review distinguished between retailers’ 

perspectives on AR and consumers’ perspectives on, acceptance of, and adoption of AR 

technologies. Unfortunately, this review focused merely on consumer responses to 

technology acceptance and thus overlooked decision making and experiential AR. 

Second, Javornik’s (2016a) review focused on the core AR features linked to consumer 

responses (e.g., vividness, interactivity, and augmentation). However, Javornik’s (2016a) 

review did not provide an analysis of actual consumer responses to AR usage. In light of 

the rapid growth in AR research, a holistic view of the research aiming to uncover the key 

AR features that lead to positive consumer outcomes is still lacking. Meanwhile, 

Chylinski et al. (2020) called for a better understanding of AR to provide better quality 

recommendations to marketers and lawmakers. Lastly, research in AR remains 

thematically scattered due to multidisciplinary streams; an organizing framework is thus 

necessary to increase knowledge (Lavoye et al., 2021). 

To fill this gap, the first publication seeks to complement the reviews of Javornik (2016a) 

and Bonetti et al. (2018) and organizes the literature using different consumer behavior 

phenomena and theoretical lenses. This dissertation finds that the research on AR has 

investigated four main themes: (1) decision making, (2) utilitarian and hedonic value, (3) 

virtual self and brand interaction, and (4) avoiding negative effects (Lavoye et al., 2021). 

Publication 1 indicates that theoretical lenses, such as mental imagery theory, flow theory, 

and presence theory, are often used (Lavoye et al., 2021). Importantly, presence theory 

proposes that an authentic experience relies on the sense that several virtual elements may 

be perceived as actual (Lee, 2004). Current research focuses solely on realistic product 

experiences; however, Publication 1 indicates that several aspects of AR enhance 

consumer responses, suggesting that the optimal realistic experience is multidimensional. 

Similarly, presence is a multidimensional concept that may shed light on the important 

features of a realistic AR experience. The doubt surrounding the optimal realistic 

experience is the basis for the second gap.  
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Gap 2: Need to define several dimensions of the AR presence experience. 

Publication 1 highlights that several aspects of the AR experience—(1) decision making, 

(2) utilitarian and hedonic value, (3) virtual self and brand interaction, and (4) avoiding 

negative effects (Lavoye et al., 2021)—influence consumers’ responses. Publication 2 

grounds the investigation of AR on presence theory to better understand the complex AR 

experience and organizes the optimal realistic experience into three dimensions of 

presence (Lavoye, 2023) that parallel two themes of AR performance highlighted in 

Publication 1 (Lavoye et al., 2021). In addition, I investigate a branded AR app as a social 

actor.  

Figure 2 shows the main themes of AR research and proposes research on related 

dimensions of presence. First, this dissertation reviews the literature on AR and shows 

that AR decision making is enhanced by spatial presence (Hilken et al., 2017; Verhagen 

et al., 2014). As this dissertation aims to focus on the realistic AR experience, the 

consumer value theme is not explored further. The second theme identifies the connection 

between the virtual self and the brand in self-viewing AR, and this theme suggests that 

elements of authentic experience of the virtual self (i.e., self-presence) may be important 

to understanding the AR experience. Third, some authors have considered AR as an 

interface and have explored different values derived from it (e.g., Hilken et al., 2017; 

Huang & Liao, 2015). However, the role of a branded AR app that facilitates the 

experience has yet to be studied. Thus, I inquire into the role of an app as a social actor. 

Specifically, this dissertation proposes that an AR app can give a sense of closeness by 

providing interactive personalized content, and thus consumers feel that the AR app is an 

actual seller in a store (Lavoye, 2023). Hence, this dissertation studies three dimensions 

of presence as the foundation for optimal realistic experiences in AR-based VTOs. 

 

Figure 2. Optimal AR realistic experience. 

 

An optimal AR 
experience:

Decision-making is 
enhanced by spatial 

presence.

What is the role of 
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AR?
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AR?
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Gap 3: Ambiguity on the role of multiple dimensions of AR presence in decision making. 

AR has been investigated from different perspectives in the extant literature. Some 

authors considered AR to be a set of characteristics, such as interactivity, vividness, and 

novelty, and investigated their impact on customer response (e.g., McLean & Wilson, 

2019; Watson et al., 2018). Others compared customers’ responses to AR and websites 

(e.g., Kowalczuk et al., 2020; Yim et al., 2017) or compared AR and VR (e.g., Kim et al., 

2023; Mishra et al., 2021). While these investigations helped describe and compare AR 

to unravel its positive effects, they did not focus on consumers’ psychological sense that 

they were receiving a realistic shopping experience. Presence theory is a cornerstone of 

research in virtual environments, such as VR and virtual worlds (Lee, 2004; Martínez-

Navarro et al., 2019; Skalski & Tamborini, 2007). However, presence theory in AR has 

yet to receive an in-depth evaluation. Waterworth et al. (2015) noted that “terminological 

and other confusions about what comprises presence, and what does not, have impeded 

progress in the field” (p. 36). Consequently, it is imperative to provide clear definitions 

of the dimensions of presence being investigated (Lombard & Jones, 2015). Thus far, 

research on AR has provided a unidimensional view of presence that limits it to 

individuals’ feelings that the virtual object is present in the real world (Heller et al., 2019a; 

Javornik, 2016b; Smink et al., 2020). Research on spatial presence in AR has described 

its influence on decision making (see Hilken et al., 2017; Smink et al., 2020; Verhagen et 

al., 2014; Vonkeman et al., 2017). Chylinski et al. (2020) and Vieira et al. (2022) 

recommended investigating a multi-dimensional perspective of AR because it may better 

predict consumers’ experiences. While presence is a multi-dimensional construct (Lee, 

2004), social and self-presence have escaped investigation in the AR context thus far. 

This gap is particularly troublesome because social and self-presence were the main 

predictors of consumer experience and decision making in earlier shopping technologies 

(Cyr et al., 2007; Suh et al., 2011). Thus, by unpacking the three dimensions of presence, 

researchers can better attribute the realistic experience to its respective elements, thus 

providing a more detailed understanding of the optimal AR experience (Lavoye, 2023). 

In addition, precise understanding enables researchers to make recommendations to 

marketers and app developers about whether and to what extent presence dimensions 

influence concepts related to consumer decision making, such as attitude certainty.
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Gap 4: Ambiguity on the role of self-presence during experiential AR. 

Few studies have addressed AR usage during the early stages of the purchase journey, 

instead focusing on the later stages, when consumers make purchase decisions (Jessen et 

al., 2020). Experiential AR refers to AR usage for its own sake and without a purchase 

goal (Lavoye et al., 2023). A product experience occurs when the stimulus is a product, 

and a brand experience entails that the stimulus is a brand (Chang & Chieng, 2006). 

Experiences occur as a response to stimuli resulting from direct participation in or 

observation of real or virtual events (Schmitt, 1999). AR-enhanced experiences display 

consumers’ virtual selves with brand information superimposed, thus facilitating self-

referencing, enhancing the self–brand connection (Baek et al., 2018), and increasing 

consumers’ positive attitudes toward the brand (Phua & Kim, 2018). Self-referencing is 

a mental simulation of imagining oneself using a product (Huang, 2019), in which 

consumers relate brand information to their self-concept (Burnkrant & Unnava, 1995). 

However, empirical evidence of the role of self-presence as an antecedent of the 

exploration of styles (i.e., self-explorative engagement) in AR is lacking, and this gap is 

particularly important to address consumer demand for personally relevant experiences 

to form positive relationships with brands (Ambika et al., 2022; Phua & Kim, 2018; Xu 

et al., 2019). In addition, AR usage increases consumers’ motivation to explore their 

styles by decorating their virtual selves (Huang & Liao, 2017), which helps them discover 

their possible selves and impacts their self-concept (El-Shamandi Ahmed et al., 2023; 

Javornik et al., 2021). Nevertheless, previous studies examining the mechanisms through 

which AR fosters positive consumer–brand outcomes are scarce (Plotkina et al., 2021). 

Lastly, investigating experiential AR in this dissertation sheds light on the differences in 

presence dimensions that predict positive consumer responses.  

 

1.2.2 Research questions and objectives 

The current dissertation is motivated by the need to define the optimal realistic experience 

in AR and adopts a presence theory perspective. Additionally, this dissertation aims to 

explain the contextual role of AR usage motives, that is, decision making and experiential 

AR usage. Thus, the main objective of this research is: 

 

To define the three presence dimensions in AR and investigate their effects on consumer 

responses. 

 

This objective is met by addressing the following four research questions:  

1) How does AR influence consumer responses in retail? 

2) What are the key dimensions of presence in AR? 

3) What are the effects of presence on consumers’ responses to AR? 

4) How does self-presence enable experiential AR? 



 24 

To achieve the main objective presented above, this dissertation presents four studies. In 

addition to the main objective, Table 1 provides an overview of the publications included 

in the dissertation, with the key questions and sub-objectives they aim to address as well 

as the research method used for each publication. 

 

Table 1. Research questions, objectives, and publications 

Research Questions Gap Objectives Pub. Method 

How does AR 

influence consumer 

responses in retail? 

1 Shed light on the key 

features of AR and their 

impact on consumer 

behavior in retail 

1 Literature review 

What are the key 

dimensions of 

presence in AR? 

2 Identify the features of 

AR-based presence 

dimensions as 

antecedents of consumer 

outcomes 

2 Conceptual paper 

What are the effects 

of presence on 

consumers’ 

responses to AR? 

3 Identify the role of 

presence dimensions to 

enhance consumer 

responses 

3 SEM with 

LISREL 

software; survey 

of 70 respondents 

How does self-

presence enable 

experiential AR? 

4 Identify the role of self-

presence when 

consumers explore styles 

4 SEM with 

LISREL 

software; two 

surveys with 500 

respondents in 

two contexts 
Note: Gap 1: Lack of clarity about the influence of AR on consumer responses in retail. 

Gap 2: Need to define several dimensions of the AR presence experience. 

Gap 3: Ambiguity on the role of multiple dimensions of AR presence in decision making. 

Gap 4: Ambiguity on the role of self-presence during experiential AR.  

 

1.3 Structure of the thesis 

Against the background discussed thus far, the remainder of the dissertation is 

organized as follows. First, Chapter 2 begins by describing immersive experiences in 

AR and their similarities. This is followed by a review of the current knowledge on 

spatial, social, and self-presence. Chapter 3 discusses the research methods used to 

empirically study the outcomes of AR usage, namely, a systematic literature review of 

AR in retail, a conceptual paper on presence theory, and two surveys analyzed with 

confirmatory factor analysis structural equation modeling (CFA-SEM), including the 

assessment of the validity and reliability of the results. Chapter 4 presents the specific 
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objectives and main contributions of each publication included in the dissertation. 

Chapter 5 highlights the theoretical and empirical contributions, limitations, and future 

research directions of this dissertation. 
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2 Literature review 

In this section, the key concepts used in this dissertation are defined. First, alternative 

immersive experiences and the motivation to use presence theory are discussed. Second, 

the concept of presence is defined, followed by an up-to-date definition of the three 

dimensions of presence: spatial, self, and social. The next section defines the outcomes 

of presence investigated in this dissertation: self-explorative engagement, attitudes, and 

cognitive processing. 

 

2.1 Alternative immersive experiences 

In Publication 1, flow, mental imagery and spatial presence are immersive experiences 

and enablers of consumer decision making in AR (Lavoye et al., 2021). These three types 

of immersive experiences are related but distinct concepts. While the positive effects of 

mental imagery and flow on consumer responses are well-known (Heller et al., 2019a; 

Huang & Liao, 2017; Javornik, 2016b; Park & Yoo, 2020), little is known about the 

realistic presence experience in AR. 

Flow refers to the optimal hedonic experience (Csikszentmihalyi & LeFevre, 1989) and 

is comprised of immersion, curiosity, fun, and control (Javornik, 2016b; van Noort et al., 

2012). An optimal experience is achieved when the person faces a stimulating level of 

challenge matched by an appropriate skill level (Csikszentmihalyi & LeFevre, 1989). AR 

heightens flow compared to a normal shopping experience (Brannon Barhorst et al., 

2021). AR’s interactivity, vividness, and novelty increase flow, information utility, 

learning, enjoyment, and satisfaction with the experience (Brannon Barhorst et al., 2021). 

Telepresence is a key antecedent of flow experience in the virtual environment (Cheng et 

al., 2014). Similarly, presence and other elements of a realistic experience predict flow 

experience in AR (Chen & Lin, 2022; Javornik, 2016b). Other antecedents of flow in AR 

are multisensory (i.e., self-location and haptic imagery) and engagement (i.e., sense of 

body ownership, ownership control, and self-explorative engagement) features (Huang & 

Liao, 2017). Flow in AR-VTOs enhances the awe experience, particularly when 

consumers have a positive perception of artificial intelligence-enabled service quality 

(Kautish & Khare, 2022). Flow has been used to predict usage of the Pokémon Go AR 

game and in-app purchases (Rauschnabel et al., 2017). The flow experience enhances 

consumer engagement and attitude via trust, leading to positive brand outcomes 

(Arghashi & Yuksel, 2022). However, privacy concerns when using AR filters can 

dampen flow and reduce use intentions and word of mouth (Cowan et al., 2021).  

Mental imagery refers to the ability to form mental images in the working memory 

(MacInnis & Price, 1987). Consumers’ ability to form mental images of products and 

experiences enhances their attitudes and intentions (Escalas, 2004b). Imagery generation 

refers to the internal generation of representations of objects, events, or scenes and their 

interrelationships (MacInnis & Price, 1987). Imagery transformation occurs when a 
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mental image is transformed for further processing (Pearson et al., 2015). In the context 

of AR, mental imagery generation and transformation are facilitated because AR allows 

the consumer to imagine a three-dimensional visual and lasting product representation in 

the real world (Heller et al., 2019a). In addition, mental imagery is enhanced by sensory 

modalities, such as touch (Heller et al., 2019b). AR reduces the mental effort associated 

with product-related mental imagery and facilitates choice (Heller et al., 2019a). AR 

reduces product uncertainty and increases positive brand attitude via presence and mental 

imagery (Sun et al., 2022). AR-enhanced mental imagery improves consumer attitudes 

and behavioral intentions toward products (Heller et al., 2019a; Park & Yoo, 2020). 

Furthermore, the impact of mental imagery depends on the technology used and the type 

of product displayed. In a study by Petit et al. (2021), AR improved the visualization of 

eating processes for served food and enhanced purchase intentions compared to three-

dimensional pictures. In addition, viewing served (vs. packaged) food in AR with low 

(vs. high) instrumental properties was shown to enhance purchase intentions. For three-

dimensional visualization, viewing packaged (vs. served) food increased purchase 

intentions (Petit et al., 2021). Hilken, Chylinski, et al. (2022) found that AR enhanced 

purchase intentions via enhanced product-focused imagery, while VR enhanced brand 

attitudes via context-focused imagery. When AR and VR were used sequentially, the 

experience improved both brand attitude and purchase intentions (Hilken, Chylinski, et 

al., 2022). In addition, the impact of AR-enhanced mental imagery depends on the type 

of product displayed (Hilken, Chylinski, et al., 2022). As such, the positive effect of AR-

enhanced mental imagery on purchase intentions was shown to be higher when the 

cognitive load of the mental imagery increased, for instance, when consumers evaluated 

bundles compared to individual objects (Hilken, Heller, et al., 2022).  

Mental imagery is related to presence because presence can occur from external stimuli, 

such as the immersion level of immersive technologies (AR apps; Daassi & Debbabi, 

2021), or internal processes, such as mental imagery (which predicts telepresence; 

Bogicevic et al., 2019; Rodríguez-Ardura & Martínez-López, 2014). Telepresence refers 

to the sense of being physically located in a computer-mediated environment (Steuer, 

1992). Telepresence in VR is concerned with the perception that the virtual environment 

is real and that the VR user is actually there in the virtual environment (Coyle & Thorson, 

2001). In fact, telepresence is more popular than spatial presence in the field of consumer 

research (Coyle & Thorson, 2001; Mollen & Wilson, 2010; Novak et al., 2000) and is 

applied to current shopping technologies, including e-commerce, AR, and VR (Lim & 

Ayyagari, 2018; Xi et al., 2022). In addition, telepresence is also used for object presence 

and is defined as the perception of direct product experience via a medium (Coyle & 

Thorson, 2001; Lim & Ayyagari, 2018). In the past, spatial presence was used for the 

virtual environment and telepresence in telecommunications (Lee, 2004); nowadays, 

telepresence and spatial presence are similar terms, and their use seems to follow research 

traditions rather than clear-cut conceptual differences. The current literature often uses 

both terms interchangeably because spatial presence and telepresence aim to capture the 

same phenomenon with different approaches. Specifically, both telepresence and spatial 

presence occur when people form spatial mental representations that enable them to feel 
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like they are in a realistic experience when encountering virtual objects. Spatial mental 

representation refers to the mental model position of objects in space and the possibility 

for action (Schubert et al., 2001). To sum up, there is a lack of common terminology on 

presence dimensions; telepresence, virtual presence, and mediated presence are based on 

the devices used to access the virtual environment. Steuer (1992) defined presence as the 

natural perception of an environment and telepresence as a mediated perception of the 

environment. In addition, telepresence, spatial presence, self-presence, social presence, 

and co-presence (defined in Appendix A) are specific constructs in the broader class of 

presence phenomena (Lombard & Ditton, 1997).  

Little is known about which aspects of a realistic AR experience affect consumer attitudes 

and intentions (Lavoye, 2023). The VTO context entails the representation of the 

embodied virtual self, yet only spatial presence has been studied in this context (see 

Hilken et al., 2017; Verhagen et al., 2014). Research in the video game context showed 

that the effects of using a virtual self translated into the real world, influencing consumer 

attitudes and behavioral intentions (Behm-Morawitz, 2013). Self-presence in the health-

related context was the sole predictor of health and appearance behavior changes, while 

spatial and social presence were non-significant (Behm-Morawitz, 2013). Therefore, 

different dimensions of presence influence behavior change differently. In the case of a 

health-related game, enhanced control over and interaction with the virtual self enhanced 

self-presence and fostered positive health behavior change (Behm-Morawitz, 2013). 

Thus, a multi-dimensional approach to presence permits a finer-grain investigation of the 

elements of a realistic AR experience and the role of each dimension in improving 

consumers’ attitudes and intentions. As a result, this dissertation adopts a presence theory 

perspective and unpacks the dimensions of presence that are important in AR-enabled 

VTO. In the plethora of presence dimensions, the current practical features of AR-

enhanced technology guided the selection process. 

 

2.2 Presence theory 

Presence is different from related terms, such as immersion, involvement, and realism. 

Cognitive processes mediate presence from the perceptual stimuli of immersion (Schubert 

et al., 2001). Immersion is a quantifiable experience that refers to the extent to which a 

computer delivers a realistic experience of an object, person, or event (Schubert et al., 

2001). Involvement and spatial presence measure closely related constructs but are 

different concepts (Hartmann et al., 2016). Involvement is a psychological state that 

occurs when individuals focus their attention on a focal activity or event (Schubert et al., 

2001). Realism entails how well the content is displayed and simulates a real object 

(psychological realism); when the content represents a real person, object, or event, this 

is known as factual realism (Orús et al., 2021). 

I propose that the optimal AR experience should deliver a realistic experience of the 

product, the virtual self, and the social context (Lavoye, 2023). Building upon the work 
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of Lee (2004), this dissertation adopts a multi-dimensional view of presence in AR 

studies. The multidimensional approach broadens the scope of research, which has 

typically focused on spatial presence (see Hilken et al., 2017; Verhagen et al., 2014). 

Beyond the existing definition of spatial presence in the AR context (Hilken et al., 2017), 

I define social and self-presence in the AR-enhanced VTO context (Lavoye, 2023).  

Table 2 summarizes the terminology used in the publications included in this dissertation 

and serves as a glossary for the reader. 

 

Table 2. Definitions and conceptualizations of AR presence dimensions 

 

A virtual experience refers to the multisensory experience of para-authentic or artificial 

objects and may entail several types of virtual objects, such as the environment or 

products (for a review, see Lombard & Ditton, 1997). Social presence refers to the 

psychological perception that virtual social actors are experienced as actual social actors 

(Oh et al., 2018). Understanding presence as part of the computers are social actors 

(CASA) paradigm entails differentiating between para-authentic and artificial social 

actors. A para-authentic object refers to a virtual version of an actual object (e.g., the 

product or self), while an artificial object is a virtual version of an imaginary object (e.g., 

a branded app as a social actor). Specifically, this dissertation focuses on a branded app 

(i.e., an artificial social actor) perceived as an actual social actor (Lavoye, 2023). Self-

presence refers to a sense that the virtual self is physically similar to oneself and the 

individual identifies with the virtual self (Seo et al., 2017). 

Concept Definitions and Conceptualizations 

Presence When users experience virtual objects as real objects; has three 

dimensions: spatial, social, and self-presence (Lee, 2004) 

Spatial 

presence 

When users feel that the virtual object is in the real environment and 

can be interacted with, giving the sense that the virtual product is an 

actual product (Hilken et al., 2017) 

Self-

presence 

When users feel that the virtual self is physically similar and identify 

with the virtual self, thus resulting in the perception that the virtual 

self is the actual self (Seo et al., 2017) 

Social 

presence 

When users feel a sense of human warmth and personalness within a 

virtual environment (here, a branded AR app) and perceive the 

virtual actor as an actual social actor (Gefen & Straub, 2003) 
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2.2.1 Cognitive processing of presence 

Presence infers a natural perception, while telepresence infers that presence is mediated 

by technology (Steuer, 1992). However, the distinction between sensation and perception 

suggests that perception is always mediated because sensation refers to sensory stimuli 

and perception to the interpretation of those stimuli affected by both sensation and other 

subjective factors, such as previous experience, expectations, emotion, and cognitive 

processing (Lee, 2004). Therefore, following Lee (2004), this dissertation rejects the 

distinction between presence and telepresence and uses presence to refer to the perception 

of one’s surroundings as if they were the real environment via the perception of the 

surroundings as mediated by both automatic and controlled mental processes (Gibson, 

2014). Virtual technologies provide sensorimotor feedback that enhances presence 

because the technologies support users’ actions in the world and their perceptions of 

virtual objects through the senses of sight and touch (Biocca, 1997). 

Schubert (2009) defines presence as a cognitive feeling that is felt from unconscious 

cognitive processes of spatial perception that locates the body into the environment and 

possible interactions with the environment. Therefore, spatial presence is a conscious 

state that results from spatial cognitive cues (Schubert, 2009). Feelings of spatial presence 

require perception of the object in the environment and possible action over the object 

(Schubert, 2009). Presence is enabled by the representation of interactions with the 

environment and its objects in all types of environments (real environments, virtual 

environments, pictures, movies, books, and even imagination; Schubert, 2009). In all 

cases, the interaction must be mentally represented as an action of one’s own body in the 

virtual environment (Schubert, 2009). Presence enables the user to distinguish a sensory 

stimulus (e.g., thinking or dreaming about holding a cup) from the actual perception of 

the event (e.g., perception of holding an actual object) to reach the appropriate response 

(e.g., grasping the handle and holding a cup). In turn, the reality-testing system becomes 

confused when technology provides a sensory stimulus, and users may believe in the 

reality of the experiences displayed by the technology (Lombard & Ditton, 1997). For 

instance, people integrate information from television into their judgments because 

technology causes difficulty for the reality-monitoring system, and information learned 

from television is retrieved as if it was learned from real experiences (Shapiro & Lang, 

1991). 

According to the embodied theory of cognition, the perception of objects (i.e., physical 

objects, the self, and other social actors) activates motor responses from affordances 

(Barsalou, 2008). Affordances inform individuals on possible actions and may trigger 

action and/or serve as symbolic representations (Sundar et al., 2013). Spatial presence is 

formed by motor responses to the perception of objects (e.g., physical objects such as a 

cup or a screwdriver). Thereafter, when individuals perceive common objects, they 

automatically create motor programs for how to handle them from their own experience 

(Schubert, 2009). A motor program refers to appropriate action corresponding the 

perceived object. Therefore, spatial presence can come from the perception of an object’s 

physical attributes (Schubert, 2009). For instance, presence in VR is more influential 
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when consumers perceive a screwdriver than a T-shirt (Alzayat & Lee, 2021). Although 

Schubert (2009) only discussed spatial presence, the same logic can be applied to self and 

social actors in the experience.  

2.2.2 Spatial presence theory 

Experience becomes virtual when experienced objects are artificially created or simulated 

by technology (Lee, 2004). Virtual experiences refer to the experience of para-authentic 

or artificial objects. Sensory and non-sensory spatial presence are defined as the 

experience of being located in the midst of mediated virtual objects (Wirth et al., 2007). 

As such, the concept of spatial presence is grounded in embodied cognition and proposes 

that the mental representation of a virtual environment requires the ability to imagine 

action in the environment (Wirth et al., 2007). Thus, spatial presence gives a sense that 

users are concentrating on the virtual environment and ignoring the real environment 

(Schubert et al., 2001). Spatial presence requires that the object of the virtual experience 

be proximal to the users’ body (Schubert, 2009), both in AR and VR contexts. The 

concept of spatial presence is most common in HCI research, for instance, as an outcome 

of VR usage (Villani et al., 2012) and related to improved performance, such as student 

learning (Huang et al., 2019) and self-efficacy (Shu et al., 2019). In media research, 

spatial presence is an antecedent of behavioral change (Ahn et al., 2016). Lastly, spatial 

presence in consumer research is mainly used in the context of AR (Smink et al., 2020).  

AR superimposes virtual objects on the user’s real world (Hilken et al., 2017). For 

instance, consumers can place a sofa in their living room or wear sunglasses on their face. 

Thus, spatial presence in AR refers to the presence of the product and occurs when users 

get the sense that the virtual product is in the real environment (Hilken et al., 2017). This 

dissertation focuses on spatial presence in the AR context. In the context of AR-VTOs, 

spatial presence represents an object that is close to the consumer and appears to exist in 

the real environment (Verhagen et al., 2014; Vonkeman et al., 2017). Spatial presence is 

the key element of a positive AR experience (Rauschnabel, Felix, et al., 2022). Hilken et 

al. (2017) built upon the definition of AR to suggest that spatial presence in AR enables 

users to control the elements of the experience interactively in the real environment and 

in real time (Azuma, 1997). Spatial presence in VR occurs when users get a sense that 

they are present in a virtual environment and have the ability to interact with the 

environment (Sanchez-Vives & Slater, 2005; Schubert, 2009). Thus, Hilken et al. (2017) 

proposed that AR spatial presence occurs when consumers experience the virtual object 

as an actual physical object that they can interact with in their real environment (Hilken 

et al., 2017). Therefore, Hilken et al. (2017) highlighted that the experience is embedded 

in the real environment (i.e., the placement of the product upon the real environment is 

realistic) and embodied in the virtual self (i.e., it enables a realistic interaction with the 

product with realistic body movements). 

Rauschnabel, Felix, et al. (2022) proposed a novel conceptual framework of spatial 

presence in AR applicable to the whole range of virtual experiences. They highlighted 

two factors of spatial presence: integrated and persistent virtual content in the real 
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environment. These dovetail well with embedded and embodied spatial presence. Spatial 

presence experiences are conceptualized on a continuum from low integration and low 

persistency to high integration and high persistency (Rauschnabel, Felix, et al., 2022). 

For the first dimension, integration dovetails with embeddedness and highlights the need 

to fit the virtual content realistically and seamlessly within the real environment 

(Rauschnabel, Felix, et al., 2022). For instance, low integration in makeup try-ons is 

exemplified by unrealistic outcomes of interaction with the makeup; for example, passing 

the hand in front of one’s face superimposes the makeup on one’s hand (MAC, n.d.). In 

contrast, high integration in the LEGO app brings a virtual racing experience to the user’s 

physical racing car; the experience is built so that AR users place a physical car on the 

virtual road, and the car’s speed is adapted to the in-game controls (LEGO, n.d.). The 

second dimension, persistency, relates to embodied interactions with virtual objects. 

Nowadays, technologies such as IKEA’s AR app enable users to place furniture in their 

living room; however, the app delivers low persistency because the furniture moves when 

the user moves the screen (IKEA, n.d.). High persistency, for instance, in AR metaverses, 

enables users to move the screen or their head if wearing AR glasses. Users can look 

away, and when they look back at the same spot, they will see that the object remained in 

place. Another example is geofencing games such as Pokémon GO, which places virtual 

arenas and Pokéstops on the map (Pokémon, n.d.). At the high spatial presence end of the 

continuum, AR entails a highly sophisticated merging of virtual and real objects 

(Rauschnabel, Felix, et al., 2022). Thus, geo-localization may be used to embed 

information in the real environment in the absence of a visual live feed of the 

environment. For instance, the geofencing game Pokémon GO can be played without 

activating the smartphone’s camera. Additionally, the five senses may increase spatial 

presence embodiment by providing higher sensorimotor responses to interactions with 

virtual objects. For instance, pressing a key on a virtual piano would make a 

corresponding musical note. 

2.2.3 Self-presence theory 

The self is comprised of a social self and a physical self (Riva et al., 2019). The virtual 

self is defined as the para-authentic or alternative self simulated by technology (Lee, 

2004). The virtual self can be physically manifested or psychologically assumed (Lee, 

2004). When self-presence is psychologically assumed, people do not see a representation 

of themselves but react as if they were in the virtual environment (Lee, 2004). For 

instance, people may have a first-person view of the environment, or other players may 

greet them by their real name (Lee, 2004). Although interacting with the product entails 

the body, which enables action, spatial presence is different from self-presence because 

it focuses on the vividness of the experience with the product in the consumers’ direct 

environment, while self-presence refers to how connected one feels to their virtual body 

or identity (Oh et al., 2018; Ratan & Hasler, 2009). When technology enables an 

embodied interaction with the virtual world, the virtual self constrains its presence to the 

physical representation so that self-presence and spatial presence are intertwined 

(Schultze & Leahy, 2009). Furthermore, social presence and self-presence are intertwined 

and capture the interaction between the virtual self and others, reinforcing both 
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dimensions (Schultze & Leahy, 2009). For instance, game players have reported 

heightened para-social interactions when they experience self-presence (Jin & Park, 

2009). 

Early work on embodiment focused on the physical self and whether users believe in the 

realistic virtual self as a self-representation (Kruzan & Won, 2019). In addition, self-

presence has a social component because the self is socially constructed (Biocca, 1997; 

Lee, 2004). Thus, when technologies allow consumers to personalize their avatar, the 

conceptual self becomes personally relevant. To sum up, people may experience body-

level and identity-level self-presence (Ratan & Hasler, 2010). When people believe that 

the virtual self is an actual representation of themselves, they experience self-presence 

(Lee, 2004).  

Perceived similarity and identification with the virtual self reflects the sense that the 

virtual self is the actual self (i.e., self-presence; Suh et al., 2011). Perceived similarity 

reflects the feeling of being similar to one’s virtual self (Allen & Anderson, 2021). 

Identification with a virtual self reflects the temporary merging of characteristics of the 

virtual self with concepts of the self (Allen & Anderson, 2021). Public and private self-

information constitute one’s self-concept and are considered when people focus on 

themselves (Haji et al., 2021). Public self-information refers to observable characteristics 

(e.g., behavior and physical appearance), while private self-information is composed of 

unobservable characteristics (e.g., emotions, physiological sensations, values, and goals; 

Haji et al., 2021). Thus, perceived similarity may be conceptualized with public or private 

self-information. For instance, studies measure private self-information, such as feelings 

during play, absorption during play, positive attitude toward the avatar, and importance 

to identity (Li et al., 2013; McLeod et al., 2014; Teng, 2017). This dissertation defines 

self-presence as the sense that the virtual self is an actual self and includes two 

dimensions: physical similarity (i.e., public self-information) and identification with the 

virtual self (i.e., private self-information; Lavoye, 2023; Suh et al., 2011). If an individual 

perceives that their virtual self is physically similar (i.e., public self-information), it may 

sufficiently reflect the user’s self-concept (Suh et al., 2011). 

2.2.4 Social presence theory 

Previous studies have pointed out that social presence may be experienced in AR-based 

VTOs. Specifically, one of the main antecedents to social presence in the CASA context 

is anthropomorphism (Lombard & Xu, 2021; Xu et al., 2022). Studies in AR have already 

discussed anthropomorphism as an important antecedent to the success of the AR 

experience in store (e.g., van Esch et al., 2019) and in a VTO format used to enhance 

destination brand love (e.g., Huang & Liu, 2021).  

Social experience becomes virtual when people experience social actors simulated by 

virtual technology (Lee, 2004). People pay particular attention to other people over 

objects; similarly, in the virtual environment, people pay special attention to technology-

mediated stimuli of the physical and psychological cues of humanness (Lee, 2004). This 
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dissertation adopts the definition of presence from the CASA paradigm to describe the 

types of social cues in AR-enhanced VTOs. Social presence theory refers to the depth and 

breadth of verbal and nonverbal social cues in a communication medium (Short et al., 

1976). Individuals tend to apply human–human communication rules when interacting 

with technologies; thus, technology can be viewed as another type of social actor that can 

be persuasive (Reeves & Nass, 1996). People project human attributes onto technology 

and communicate with computers in reciprocal ways, such as self-disclosing when 

computers self-disclose (Hooi & Cho, 2014; van Esch et al., 2019).  

In the CASA literature, presence involves social responses to cues provided by the 

medium itself (Nass et al., 1994). Thus, social presence is concerned with the ability of 

technology to convey a sense of warmth, personalness and closeness (Hassanein & Head, 

2005). E-commerce websites enable social presence that is conceptualized as a sense of 

human contact (Cyr et al., 2007; Gefen & Straub, 2003; Hassanein & Head, 2005, 2007). 

While websites do not always facilitate direct interaction with another human, prior e-

commerce research discusses the inherent “subjective quality” of websites. Social 

presence of the web refers to the capability of a website to convey a sense of human 

warmth and sociability (Cyr et al., 2007; Gefen & Straub, 2003). Sometimes, other 

features are embedded into a website in order to enhance social presence, for instance, 

physically embodied agents (Lee et al., 2006), three-dimensional avatars or videos, text-

to-speech (Qiu & Benbasat, 2008), and recommendations and consumer reviews (Kumar 

& Benbasat, 2006). Socially rich images and texts on e-commerce websites are cues of 

social presence (Hassanein & Head, 2007; Qiu & Benbasat, 2005).  

At the customer–employee interface, artificial automated social actors—for instance, an 

anthropomorphized robot or conversational agent (Lee, 2004) or AR-based VTOs—can 

give a sense of social interaction. Social presence as part of the CASA paradigm is finding 

a new interest in artificial intelligence chatbots and voice-based assistants. Social 

presence enhance trust (McLean et al., 2020) and may increase consumers’ purchase 

intentions compared to human sellers when the service involve an embarrassing situation 

(Holthöwer & van Doorn, 2022). New technologies can be infused with social presence 

because they provide tailored responses to consumer needs (Bulu, 2012). For instance, 

tailored responses and the response variety of conversational agents enhance social 

presence and delivers a more engaging experience (Schuetzler et al., 2020). Thus, 

personalized service encounters may enhance social presence at the customer–employee 

interface (Hennig-Thurau et al., 2022). In the same vein, a VTO provides similar social 

cues to a real try-on experience because it displays products directly on individuals, 

similar to how a salesperson would let the client try on a product (Lavoye, 2023).  

2.2.5 Extended self in augmented reality 

Physical stores provide a hedonic service experience when they offer a personal beauty 

makeover (Mathwick et al., 2001). Similarly, people use AR to discover products without 

defined purchase goals (Jessen et al., 2020). People use and decorate their virtual selves 

to express their values (Kang & Yang, 2006; O’Brien & Murnane, 2009). Thus, 
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consumers can use AR-VTO to discover styles without a purchase goal (Huang & Liao, 

2017; Scholz & Duffy, 2018). The symbolic meaning of a branded product refers to the 

sense of being that is presumably provided by the brand (Belk, 1988). Consumers use the 

symbolic meaning of clothes, makeup, automobiles, and so forth in their extended self 

(Jensen et al., 2003). According to Belk’s (1988, 2013) theory of self-extension, people 

extend their self-concept with their possessions when they integrate the symbolic 

meaning of the brand into their self-concept. For instance, people who consider Harley-

Davidson to be rugged and want to integrate that desirable trait (i.e., ruggedness) into 

their self-concept will do so by driving a Harley-Davidson motorcycle. Physical 

proximity and the ability to manipulate the product are determinants of a product’s 

inclusion into consumers’ sense of self (Belk, 1988). In addition, Belk (2014) emphasized 

that when consumers can personalize their bodies or styles, they can explore multiple 

possible selves. Possible selves refer to different forms of self-expression (i.e., how 

people assert their identity or self; Oyserman, 2009). For instance, people can choose to 

express their actual, ideal, or ought-to self (Markus & Nurius, 1986).  

AR technology facilitates the process of imagining how branded products would look 

directly on oneself (Heller et al., 2019a). When people use VTO, they can integrate the 

brand into their self-concept (Phua & Kim, 2018). People can use their virtual self to 

integrate symbols from brands into their extended self (Belk, 2014), giving them a sense 

that the virtual self is themselves (Belk, 2014). When people explore their possible selves 

and interact with brands, they use prior experiences, desires, and tastes to simulate the 

experience (Belk, 2014). Self-explorative engagement allows users to explore possible 

selves and provides a sense of self-presence (Lavoye et al., 2023). Moreover, self-

extension leads to them caring about and liking the brand more (Belk, 1988). Thus, self-

extension in AR occurs when people try on styles in AR, are motivated to learn about the 

brand, and thus have a more positive brand attitude (Lavoye et al., 2023). 

 

2.3 Persuasive effects of presence 

2.3.1 Self-explorative engagement 

People explore their style when they try new or different apparel, shoes, and hairstyles to 

see how they look on their body (Gurel & Gurel, 1979). In addition, they may experiment 

with their appearance out of curiosity about how clothing items might fit and suit them 

because they enjoy a novel experience without a defined goal (Gurel & Gurel, 1979). 

Therefore, self-exploration enables consumers to challenge their current appearance and 

decide whether their current style still represents them or if they need to discover and 

create their new best-fitting style.  

In a similar fashion, consumers use VTOs for self-explorative engagement in AR (Huang 

& Liao, 2017; Lavoye et al., 2023). Specifically, AR-based VTOs simplify the process of 

imagining how consumers would look wearing products because they display a virtual 
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product directly on consumers’ faces or bodies (Heller et al., 2019a; Hilken et al., 2017). 

When events are simulated, consumers can think about their own actual or potential 

behavior in a situation (Escalas, 2004b). As such, the VTO service experience allows 

consumers to inspect styles via virtual products by using poses and expressions learned 

from past try-on experiences (Huang & Liao, 2017). When using VTOs, consumers are 

motivated to try on different styles because the changes are not permanent or very risky 

(Behm-Morawitz, 2013). In addition, the consequences of the changes can be observed 

and mimicked in real life.   

2.3.2 Attitudes 

Product or brand attitude refers to consumers’ global evaluations of products or brands 

(Rucker et al., 2014). Attitudes have a valence that can be positive or negative (Ajzen, 

1991) and a strength that goes from strong to weak (Howe & Krosnick, 2017). Brand 

attitudes and product attitudes are key predictors of behavioral intentions (Ajzen, 1991; 

Ajzen & Cote, 2008; Zhu & Chang, 2014). In the AR context, a positive attitude toward 

a brand (Phua & Kim, 2018; Smink et al., 2019) or a product (Verhagen et al., 2014) 

predicts purchase intentions. When consumers are foregrounded into the VTO experience 

and explore their style, they form intimate relationships with brands (Scholz & Duffy, 

2018). 

Attitude certainty refers to the subjective appraisal of confidence that ones’ attitude is 

correct (Rucker et al., 2014). Thus, when interacting with products during a VTO, 

consumers form a judgement and evaluation of a product, and certainty is a secondary 

assessment of the evaluation of the product (Rucker et al., 2014). In Publication 3, the 

assessment relates to confidence in one’s attitude toward a product (Lavoye & Tarkiainen, 

2021; Tormala & Rucker, 2018). Notably, high attitude certainty (vs. low certainty) lasts 

longer and better predicts consumers’ subsequent behavior (Rucker et al., 2014). 

Telepresence increases attitude certainty (Klein, 2003). However, little is known about 

the impact of AR usage on consumer certainty. Therefore, this dissertation focuses on 

brand attitude and product-related attitude certainty. 

2.3.3 Cognitive processing 

Processing of information is crucial to research on mediated technologies because 

experiencing a sophisticated virtual environment may be highly demanding and 

cognitively overload users (Keogh & Pearson, 2014). A long research tradition suggests 

that consumers can learn about products and brands from direct experience (Hoch & 

Deighton, 1989). Virtual experiences simulate direct experiences, thus enhancing brand 

cognitive processing (Brodie et al., 2013). Brand cognitive processing refers to a 

consumer’s level of processing and elaboration when experiencing a particular brand 

(Hollebeek et al., 2014). Technological features such as perceived ease of use, perceived 

usefulness, enjoyment, novelty, and subjective norms were shown to enhance brand 

cognitive processing for two AR apps, ASOS and IKEA (McLean & Wilson, 2019). 

Spatial presence components increase cognitive fluency and decrease cognitive load, 

leading to improved product attitudes when using AR (Fan et al., 2020). Higher levels of 
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spatial presence in AR enhance consumer learning and persuasion compared to lower 

levels of spatial presence by increasing decision comfort (Hilken et al., 2017) and 

decreasing product uncertainty (Sun et al., 2022). However, overly high levels of presence 

lead to extraneous cognitive load, which decreases persuasion (Ahn et al., 2022).  

2.3.4 Contextual differences of presence outcomes 

To the light of differences in antecedents to the presence experiences, this dissertation 

tests two contextual factors: the consistency between VTO-enhanced AR apps (e.g., 

fashion and beauty) and the differences between stages of the decision-making process. 

Specifically, presence can occur from internal processes,  (e.g., mental imagery Bogicevic 

et al., 2019) or external stimuli from the technology (e.g., AR apps; Daassi & Debbabi, 

2021). Thus, a medium may influence the presence experience; for instance, Verhagen et 

al. (2014) found that AR enhanced spatial presence and purchase intentions better than 

images and 360-spin. However, presence is a psychological state, and thus, it is not solely 

linked to the features of the medium (Lee, 2004).  

This dissertation defines AR presence based on the types of experiences that current AR-

based VTOs and different technological features may provide. For instance, other 

immersive technologies may share features with AR. For instance, both VR and AR can 

enable consumers to see a photorealistic view of themselves by pointing a camera at 

themselves. Thus, both might enable the same level of physical similarity and self-

presence. However, more simple form of AR may not display the body of the user and 

result in low self-presence. In addition, AR does not permit the kind of social presence 

enabled by social media because AR does not integrate communication with other people 

except as an additional feature outside the AR display (e.g., to send a selfie to a friend or 

post it on social media; Javornik, 2016a). Therefore, it is important to provide better 

generalizability on the presence dimensions and their outcomes in AR-enhanced VTOs. 

Therefore, the results of Publication 4 were tested with AR apps for fashion and beauty 

products. The results were consistent in the experiential usage of AR and enhanced brand 

responses at similar levels (Lavoye et al., 2023). 

In addition, consumers’ motivations and benefits may vary during the decision-making 

process. Therefore, consumers’ responses to AR evolve along the different stages of the 

decision-making process (Wedel et al., 2020). Kannan and Li (2017) called for a better 

understanding of the role of AR during different stages of the decision-making process as 

competitive assets for firms. Decision making takes place in several stages: need 

recognition, beginning of information search, selection of alternatives, and purchase 

(Greenleaf & Lehmann, 1995). At the decision-making step, product-related attitudes and 

intentions are the key performance indicators during the pre-purchase stage, while 

knowledge, attitudes, and satisfaction with the experience are key performance indicators 

in the earlier stage of the decision-making process (Wedel et al., 2020). This dissertation 

aims to show that different dimensions of AR influence consumers differently depending 

on the stage of the decision-making process. The role of presence may vary depending on 

the context of AR usage; thus, this dissertation investigates decision-making and brand-
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related outcomes. Providing an immersive experience benefits brands by increasing 

engagement and conversion rates (Monsanto & Buob, 2021). An immersive experience 

during decision making serves a transactional objective, and its performance is measured 

with indicators such as decision comfort or purchase intention (Hilken et al., 2017; 

Verhagen et al., 2014). Jessen et al. (2020) observed that the majority of AR researchers 

have focused on later stages of the purchase journey, closer to when the decision is made. 

These highly transactional advantages only arise later in the customer journey when 

consumers are looking to purchase a product. In the earlier stages, one of the uses of AR 

is to entertain consumers, which AR does by creating novel and engaging experiences 

and building brand interest (Tan et al., 2022). In addition, consumers enjoy being creative 

in their AR experience and thus engage in the AR experience for its own sake (Jessen et 

al., 2020). Fashion and beauty AR apps are the most popular types of VTOs in consumer 

retail and have strong experiential benefits (Watson et al., 2018). Experiential AR 

involves the enjoyment of the whole shopping experience rather than just the product 

(Holbrook & Hirschman, 1982; Watson et al., 2018). For instance, Gucci’s AR service 

allows consumers to wear their virtual sneakers and share their experience on social 

media. Overall, this type of virtual experience builds consumer–brand relationships that 

go beyond advertising a certain product (Chen et al., 2022). 
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3 Research designs and methods 

This dissertation adopts the ontological (i.e., how researchers make assumptions about 

the world) and epistemological (i.e., how researchers can know the world) perspectives 

of critical realism. The realist view proposes that in the long term, the success of a theory 

indicates that something similar to the structure postulated by the theory actually exists 

(Hunt, 1990). In addition, critical realism proposes that no theory provides absolute 

certainty of truth (Hunt, 1990), and therefore, it cannot provide definitive answers 

(Easton, 2002).   

Multiple methods for evaluating presence exist, including physiological and 

questionnaire measures (for a review, see Grassini & Laumann, 2020). Research on 

presence typically uses self-reported measures comprised of latent variables (see Behm-

Morawitz, 2013; Cyr et al., 2007; Hilken et al., 2017). Thus, this dissertation also uses 

self-reported questionnaire items to measure presence dimensions. The realist view 

supports the use of latent variables in SEM for theory testing (Borsboom et al., 2003). 

SEM allows for the investigation of the mediation between latent constructs (Jöreskog & 

Sörbom, 1993). This dissertation follows the hypothetico-deductive scientific inquiry and 

therefore starts with a systematic literature review that focuses on describing the state of 

AR research in retail (Publication 1), presents a conceptual model that extends knowledge 

on presence theory in the AR context based on a review of users’ responses to immersive 

shopping technologies (Publication 2), and tests the theory using SEM in two different 

contexts (Publications 3 and 4). 

 

3.1 Systematic literature review 

A review of relevant literature creates a foundation to advance knowledge and is a key 

part of any academic project (Webster & Watson, 2002). Literature reviews are at the 

foundation of academic research because they provide an overview, synthesis, and 

assessment of previous studies (Xiao & Watson, 2019). Importantly, literature reviews 

should be rigorous, unbiased, reliable, and repeatable (Boell & Cecez-Kecmanovic, 

2015). To ensure this, many researchers have suggested steps to follow. For instance, 

Webster and Watson (2002) proposed a topic-centric approach to present, synthesize, and 

assess previous studies. The literature review in Publication 1 aims to identify articles that 

address the topic of consumer behavior with AR in retail. It is a comprehensive review of 

the literature that involved searching, selecting, and reading the literature to classify and 

critically assess prior studies (Boell & Cecez-Kecmanovic, 2015). Literature search 

processes are central to an objective and replicable systematic literature review (Boell & 

Cecez-Kecmanovic, 2015). A literature search serves to answer one or several research 

questions (Xiao & Watson, 2019). The literature search in Publication 1 aims to answer 

the research questions and follows the two-stage approach suggested by Webster and 

Watson (2002) and Boell and Cecez-Kecmanovic (2015). The first stage consisted of 
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searching the online databases Scopus and Web of Science. The use of databases 

generally provides good coverage of relevant publications (Boell & Cecez-Kecmanovic, 

2015). The searches were combinations of terms, for instance, “augmented reality” and 

“shopping.” Thereafter, the selection of keywords evolved during the literature search 

process as new terms were added (e.g., “local presence” and “virtual try-on”).  

In the second stage, a stricter selection of articles was implemented by creating inclusion 

and exclusion criteria to keep only articles that focused on AR in the context of retailing, 

that were listed in the Social Sciences Citation Index or the Science Citation Index 

Expanded, that contained empirical studies, or that included studies in which participants 

had actually used AR before. After checking for duplicates and ensuring that the articles 

fit the selection criteria, 45 peer-reviewed articles published from 2014 to December 2019 

were identified. The time frame is explained by the inclusion and exclusion criteria alone 

and the latest date corresponds to the latest date of literature search.  

 

3.2  Conceptual research  

In two steps, this study delineates the concept of AR presence and differentiates AR 

presence dimensions from presence in prior shopping technologies. It uncovers the 

outcomes of presence and proposes that future research should investigate the contrasts 

between other shopping technologies and AR presence outcomes. Conceptual research 

enables several conceptual contributions, including delineating and differentiating 

knowledge (MacInnis, 2011). Delineating entails describing a construct in detail 

(MacInnis, 2011). By mapping out the components of the AR presence experience, this 

study provides better grounding for future quantitative research. Differentiation occurs 

when researchers show differences by comparing constructs between studies (MacInnis, 

2011). To begin, Publication 2 delineates the presence experience in AR by defining AR 

spatial presence and proposing definitions for AR social and self-presence by drawing 

parallels between AR apps’ features and prior technologies’ features (Lavoye, 2023). 

Thus, I identify relevant presence dimensions to investigate in the context of AR-powered 

VTOs.  

Thereafter, Publication 2 reviews the outcomes of relevant presence dimensions from 

prior shopping technologies on product-relevant affect, cognition, and behavioral 

intentions. To do so, Publication 2 relies on a review of literature and follows previous 

approach of research based on technologies’ effects on users (Javornik, 2016a; 

Varadarajan et al., 2010; Voorveld et al., 2009). Based on the conceptualizations of AR 

presence dimensions presented above, I selected studies on immersive shopping 

technologies that discussed the impact of similar presence features (e.g., object presence 

is similar to AR spatial presence, while game character identification is similar to AR 

self-presence) on product-relevant affect, cognition, and behavioral intentions. 

Thereafter, the study proposes a research agenda to uncover the similarities and 

differences in the presence outcomes in the AR context. 
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3.3 Sampling and data collection 

This dissertation involves two sets of collected data. Publication 3 used a student 

population, and Publication 4 used a U.S. sample recruited on Qualtrics. In Publication 3, 

the aim was to test the three-dimensional conceptualizations of AR presence (i.e., spatial 

presence, self-presence, and social presence) and their role in influencing attitude 

certainty. The link to the survey was shared with two business school classrooms via 

Moodle, resulting in 70 participants. The average participant age was 26 years old, and 

60% of the participants were women. Before starting the survey, participants used a VTO 

for sunglasses and were asked to try on several sunglasses. In Publication 4, a wider 

sample (N = 500) representative of U.S. consumers was selected, and the study consisted 

of a between-subjects study design with two conditions: one VTO for fashion accessories 

and one for beauty products.  

Several steps, such as an attention check, excluding respondents whose answering time 

was clearly too short to complete the survey carefully (below 2 minutes), and excluding 

straight-liners, were implemented to ensure data quality. As a result, 58 participants were 

eliminated from the initial group of 500. Afterwards, I conducted another round of data 

collection with 66 participants, from which eight more were excluded based on the criteria 

mentioned before. Only women were assigned to the beauty group, while anyone could 

be placed in the fashion group. The final sample consisted of 500 people, with a median 

age of 35-44 years, and 254 participants tried on sunglasses (104 women, 144 men, and 

six others) while 246 women tried on lipstick. Participants in the sunglasses group were 

instructed to look through a selection of sunglasses, while those in the makeup group were 

told to try on different lipsticks. 

 

3.4 Structural equation modeling with confirmatory factor analysis 

This dissertation uses CFA-SEM with maximum likelihood with LISREL 8.80 statistical 

software because CFA-SEM is a confirmatory technique that allows theories to be tested 

(Jöreskog & Sörbom, 1993). When a construct has items adapted from other research, a 

pretest needs to be run using respondents similar to the study’s target population to screen 

for item appropriateness (Hair et al., 2010). Small sample sizes (n < 50 people) are 

sufficient to adequately estimate SEM models containing up to five constructs, each with 

more than three items (observed variables) and with high item communalities (.6 or 

higher). Sample size is important because there needs to be more observations than the 

number of latent constructs for the model to run (Hair et al., 2010). A general rule of 

thumb is that there need to be at least 10 observations per parameter (Hair et al., 2010). 

A larger sample size produces more stable solutions and enhances the generalizability of 

the findings (Hair et al., 2010). The scale for the presence dimension was adapted from 

different contexts therefore, Publication 3 consisted of a pre-test with 70 participants to 

test the measures. In addition, item parceling for SEM was used to mitigate the risk linked 
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to a small sample size (Hair et al., 2010). Lastly, Publication 4 collected answers from 

500 participants in two different contexts (fashion and beauty VTOs).  

 

3.5 Validity and reliability of the study  

3.5.1 Publications 1 and 2 

Conducting a systematic literature review improves the quality, replicability, reliability, 

and validity of the research (Xiao & Watson, 2019). A comprehensive literature review 

uses organized, transparent, and replicable procedures (Palmatier et al., 2018). There is 

no one-size-fits-all rule for literature selection in a systematic literature review because 

the goal is to use appropriate relevant literature to answer one or several specific research 

questions (Xiao & Watson, 2019). To improve the trustworthiness of the systematic 

literature review, authors are encouraged to describe and explain their inclusion and 

exclusion criteria and to include articles that make a significant contribution to the field 

(Palmatier et al., 2018). In addition, relevant literature should be synthesized and used to 

answer the research questions rigorously in an organized manner and with a critical 

evaluation (Palmatier et al., 2018). Replicability of the research is ensured when authors 

describe the inclusion criteria to such an extent that another research could replicate the 

study (Palmatier et al., 2018). In addition, the procedure used to analyze and extract the 

findings should be described with similar rigor (Palmatier et al., 2018). The results of a 

good review lay foundational knowledge that needs to be presented in a usable manner 

(Palmatier et al., 2018). For instance, conceptual models are often used to organize works 

because they present information in a usable manner (Palmatier et al., 2018). Publications 

1 and 2 follow Xiao and Watson’s (2019) recommended steps for literature reviews. 

However, the specific inclusion criteria varied depending on the questions each 

publication aimed to answer. Publication 1 was a systematic literature review of consumer 

responses to AR in the retail context. Publication 2 was a literature review of presence 

outcomes in the context of immersive shopping technologies with the goal of extending 

the knowledge on presence theory with a conceptual model of AR presence.  
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3.5.2 Publication 3 

This study confirms the measurement of presence adapted from previously validated 

scales and proposed in Publication 2. Thereafter, I used SEM-CFA with maximum 

likelihood in the LISREL 8.80 statistical software. This approach involves specifying the 

measurement and structural models and assessing their validity (Hair et al., 2010). The 

measurement model confirmed that the model fit was acceptable (χ2 = 73.859, df = 71, 

χ2/df = 1.00). The composite reliability loaded above the threshold value (.6) for all items, 

and the average variance extracted (AVE) values for each construct exceeded the 

threshold value (.5), as recommended by Fornell and Larcker (1981). In addition, 

discriminant validity was confirmed in two ways. First, pairwise nested models were 

tested with fixed-parameter correlation and then with free parameters, followed by a chi-

difference test to confirm the factors’ discriminant validity. Second, the Fornell–Larcker 

criterion (1981) was obtained by comparing squared correlations with AVEs for 

corresponding constructs. 

For hypothesis testing, this study used item parceling for the exogenous latent variables 

(i.e., spatial, social, and self-presence) and items for the endogenous latent variable (i.e., 

attitude certainty). Parceling involves averaging item scores from items with a focal latent 

variable and using these average scores in an SEM analysis (Bandalos, 2002). The use of 

item parceling results in the estimation of fewer parameters in the model, a more optimal 

sample size for the parameter estimates ratio, and more stable parameter estimates for 

small samples (Bagozzi & Edwards, 1998). Although Publication 3 used a small dataset 

(N = 70), after item parceling, close to five cases for each parameter estimate remained, 

which was acceptable (Hair et al., 2010). In addition, the hypothesized structural model 

indicated acceptable fit measures. 

3.5.3 Publication 4 

All scales used in this study were used in prior research and displayed good consistency 

and validity (Gefen & Straub, 2003; Hilken et al., 2017; Seo et al., 2017). The results of 

the measurement model revealed a satisfactory fit to the data (Lavoye et al,, 2023). In this 

study, two surveys with 500 participants in two different contexts were collected. 

Comparing the two contexts (or groups) necessitated a test of metric invariance. 

Measurement invariance verifies that the same construct is measured across groups (Hair 

et al., 2010). Similar to McLean and Wilson (2019), I used multi-group SEM and tested 

measurement invariance to ensure that the results obtained from the two VTO conditions 

(sunglasses and makeup) were comparable. This was achieved in two steps by testing the 

configural and metric invariance of path parameters of both conditions simultaneously 

(Jöreskog & Sörbom, 1993). The first step, configural invariance, tests if an equivalent 

factor structure exists in both groups (Hair et al., 2010). The second step, metric 

invariance, represents the equivalence of factor loading. Metric invariance tests 

equivalence in the relationships between the measured variables and the construct (Hair 

et al., 2010). Metric invariance is necessary to compare relationships between groups of 

participants (Hair et al., 2010). 
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The validity and reliability of the measurement model were confirmed; the composite 

reliability and discriminant validity loaded well above their respective threshold values 

(Bagozzi & Yi, 1988; Fornell & Larcker, 1981; Hair et al., 2010). Furthermore, 

multicollinearity is not a cause for concern because all variance inflation factor values 

were well below the threshold (Field, 2009), and condition index values were all well 

below the threshold (Field, 2009). Additionally, the preventative steps to reduce common 

method variance recommended by Mackenzie and Podsakoff (2012) were implemented 

in a post-hoc test. Harman’s single-factor test with CFA confirmed that common method 

variance was not a serious threat to the quality of the data (Korsgaard & Roberson, 1995; 

Mossholder et al., 1998). Pearson’s chi-squared test and t-test confirmed that non-

response bias was not an issue in this study (Armstrong & Overton, 1977). In addition, 

the normality of the data was checked with a visual inspection of P–P plots and skewness 

and kurtosis tests (Fabrigar et al., 1999). Lastly, the Hartley Fmax variance ratio confirms 

the homogeneity of the variance between both groups for each variable (Field, 2009). 
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4 Results 

4.1 Summary of the publications and review of the findings 

As outlined thus far, an improved conceptualization of presence in AR is the central theme 

of this dissertation. The first study begins by showing key antecedents to an optimal AR 

experience and provides practical groundwork for investigating the importance of the 

three presence dimensions. Thereafter, the definitions of the AR presence dimensions are 

developed in Publication 2 and further applied and evaluated through subsequent 

empirical publications (Publications 3 and 4). 

Publication 1 investigates the key features of AR that deliver an optimal consumer 

experience. Four key themes suggest that the experience of AR delivers competitive 

advantages when it enhances both (1) perceived value and (2) decision making and when 

it facilitates the ability to use (3) the virtual self to interact with brands; lastly, researchers 

warn about (4) the negative effects of using AR (Lavoye et al., 2021). The decision-

making theme finds that several researchers use presence theory to understand realistic 

AR experiences (Lavoye et al., 2021). Other theories are discussed in the decision-making 

section; however, presence stands out as the key psychological state that enables 

consumers to gain a sense that the experience of AR is realistic. Therefore, this 

dissertation selects this theoretical approach to improve the understanding of the AR 

experience. 

Based on prior literature on presence in technologies, Publication 2 shows the importance 

of the spatial presence, self-presence, and social presence of the medium. This study 

contributes to AR presence research by defining social and self-presence and proposing 

the outcomes of presence from research on prior shopping technologies. Thereafter, this 

study provides a future research agenda to explore the impact of the dimensions of 

presence in the AR context.  

Publication 3 aims to empirically test the three-dimensional conceptualization of presence 

developed in Publication 2. The questionnaire items were tested for their convergent 

validity. This publication shows that all three dimensions of presence are experienced in 

AR-VTO. However, this study found that only two dimensions, spatial and social 

presence, predicted attitude certainty in the context of a VTO app for sunglasses.  

Lastly, Publication 4 improves the understanding of the role of self-presence in creating 

positive brand outcomes. Self-presence enhances cognitive brand processing and brand 

attitudes. Additionally, self-presence is a key antecedent of self-extension in AR because 

when consumers can see themselves in the avatar, they may associate themselves with 

the branded product. This research reveals that to delight consumers, service marketers 

should enable the discovery of styles in AR (herein called self-explorative engagement). 

When consumers explore their possible styles, they also explore their possible selves. 

Exploring possible selves encourages them to learn about brands (i.e., brand cognitive 
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processing) and to integrate aspects of the brand into oneself (i.e., self-extension). By 

building connections with brands, consumers enhance their attitudes toward the brands 

(Escalas, 2004a). Thus, the self-extension mechanism in AR entails consumers’ 

exploration of their possible selves and leads to positive brand attitudes via brand 

cognitive processing. In addition, Publication 4 confirms the findings in two contexts—

fashion and beauty—and provides evidence for the generalizability of the findings.  

 

The key findings of the studies are presented in Figure 3. 

 

Figure 3. Overview of the studies’ findings 

 

Overall, this dissertation provides a detailed definition and fine-grained description of the 

presence dimensions that better predict consumer responses depending on the context of 

usage during the customer journey. AR is a novel technology, and its specific features 

make it crucial to understand how AR differs from prior interactive technologies. In 

addition, the depth of the analysis helps provide recommendations for retailers, app 

designers, and marketers.  
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4.2 Publication 1 

Consumer behavior with augmented reality in retail: A review and research agenda 

4.2.1 Objectives 

This publication begins by investigating the optimal features of an AR experience with 

the goal of providing a better understanding of the antecedents, mechanisms, and 

outcomes of an AR experience (Lavoye et al., 2021). This is particularly important 

because of the growing interest in AR in retail (Kumar, 2022). In addition, the literature 

remains scattered between a large range of themes that need to be organized to present 

the current knowledge clearly and to provide a strong background for future inquiries in 

the field (Lavoye et al., 2021). Thus, this study provides a theoretical framework of the 

process from AR usage to positive transactional and relational brand outcomes (Lavoye 

et al., 2021). Additionally, I build on current knowledge to propose a future research 

agenda on AR in the retail context; notably, I encourage future studies to focus on the 

conditions and outcomes of realistic AR experiences (Lavoye et al., 2021). In addition, I 

warn about the negative effects of AR usage (Lavoye et al., 2021).  

This study aims to answer the following research question: 

- What are the characteristics of an optimal AR experience? 

 

4.2.2 Main contributions 

By conducting a literature review, this study reveals that the optimal AR experience is 

multidimensional. The review finds that the current literature focuses on (1) the object of 

the decision making, (2) virtual self-interaction with the brand, (3) the app that delivers 

value to consumers, and (4) how to mitigate the negative effects of AR (Lavoye et al., 

2021). I contribute to AR research with a framework, which is presented in Figure 4.  
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Figure 4. Framework of consumer behavior with AR 

 

First, the key property of AR is that it facilitates a realistic experience of how offerings 

would look in a real environment or on oneself and enables the user to interact with the 

offering in an embodied manner in real time, similar to mental imagery (Heller et al., 

2019a), spatial presence (Hilken et al., 2017), and augmentation (Javornik, 2016b). Thus, 

consumers believe they are actually trying on the offering (Hilken et al., 2017) in their 

real environment (Vonkeman et al., 2017). In turn, spatial presence increases the 

enjoyment of the product and makes the product information feel more direct and less 

risky (Verhagen et al., 2014; Vonkeman et al., 2017). Such an immersive experience 

enhances decision comfort and purchase intentions (Hilken et al., 2017).  

Second, the virtual self can serve as the background for the product’s presentation. 

Superimposing the branded product on consumers’ bodies helps consumers relate to the 

brand (Phua & Kim, 2018). Moreover, viewing a photorealistic representation of oneself 

is highly involving, and viewing a brand or product directly on oneself enhances the 

consumer–brand relationship (Huang, 2019).  

Third, AR apps deliver utilitarian (e.g., ease of use, usefulness, and informativeness) and 

hedonic (e.g., enjoyment) value to consumers and motivate AR usage (Rese et al., 2014, 

2017; Yim & Park, 2019). Earlier studies found that this perceived value explains 

consumers’ intentions to continue using AR via the technology acceptance model (e.g., 

Huang & Liao, 2015; Pantano et al., 2017; Rese et al., 2014, 2017; Yim & Park, 2019). 
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Utilitarian and hedonic value also enhance brand attitudes and purchase intentions 

(Rauschnabel et al., 2019).  

Fourth, the last theme encompasses the negative effects of AR and emphasizes that 

privacy concerns might negatively affect consumers’ perceptions of apps or the brands 

offering the apps (van Esch et al., 2019). Privacy concerns are another risk that companies 

need to manage, particularly for apps that augment consumers’ bodies or faces (Poushneh, 

2018; Smink et al., 2019).  

Lastly, the review suggests a future research agenda based on the current knowledge and 

proposes six research questions that aim to improve the understanding of how AR can 

improve psychological processes and related consumer decision making. In addition, we 

recognize the potential of AR to improve consumer–brand relationships; thus, this study 

calls for further research to improve the understanding of the processes that lead to 

positive brand outcomes. Lastly, this study highlights that the dark sides of AR, such as 

privacy concerns and motion sickness or fatigue, need to be investigated. 
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4.3 Publication 2 

Augmented reality: Toward a research agenda for studying the impact of its presence 

dimensions on consumer behavior 

4.3.1 Objectives 

The concept of presence is prominent in several literature streams, including HCI and 

media and communications, because it can be applied to experiences regardless of the 

devices used to access the virtual environment (Lombard et al., 2015). However, this 

increases the risk that the lack of clarity regarding the definition of presence will impede 

research on the desirable realistic experience (Lombard et al., 2015). Research on AR in 

retail falls into this pitfall because until now, only spatial presence has been 

conceptualized in AR research, and thus, presence remains limited to the experience of 

the realistic product (Lavoye, 2023). This publication provides a better understanding of 

the optimal realistic AR experience and adopts a presence theory perspective (Lavoye, 

2023). Thus, I show that presence theory improves the understanding of the optimal 

realistic experience in AR, and I suggest that three dimensions of presence can be 

distinguished by drawing parallels between current AR-based VTOs and the type of 

realistic experiences enabled by prior immersive shopping technologies (Lavoye, 2023). 

In addition, Publication 2 shows that presence is a highly relevant construct that provides 

a fine-grained perspective on the aspects of a desirable realistic experience to optimize 

consumer responses (Lavoye, 2023). Based on how presence has enhanced prior 

immersive shopping technologies, Publication 2 also aims to provide recommendations 

for future research in AR that highlights the similarities and differences in consumer 

responses (Lavoye, 2023).  

The main objective is to answer the following research questions: 

- What are the key dimensions of presence in AR?  

- What are the effects of presence on consumers’ responses to AR? 

 

4.3.2 Main contributions 

The presence experience focuses on realistic elements. Spatial presence refers to the 

physical product, while self-presence refers to the perception of oneself in the experience. 

Finally, social presence refers to the believable experience of a branded app as a social 

actor (Lavoye, 2023). After defining the AR presence experience, Publication 2 reviews 

the literature on relevant presence dimensions in prior immersive technologies and 

highlights positive consumer responses.  

This definition of presence is well-fitted for AR-based VTOs. Spatial presence occurs 

when consumers get a sense that the object is tangible and can be moved around in the 

real world (Hilken et al., 2017). Spatial presence delivers highly contextual information 

about the product and thus enhances decision comfort (Hilken et al., 2017). Publication 2 
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proposes definitions of social and self-presence in the AR-based VTO context based on 

video games and e-commerce website contexts, respectively. AR self-presence refers to 

the sense that one’s virtual representation is oneself in the real world (Seo et al., 2017) 

and is conceptualized as physical similarity and identification with the virtual self (Seo et 

al., 2017). Self-presence increases the sense that the situation is self-involving, and it 

enhances self-efficacy and loyalty (Hooi & Cho, 2017). In addition, self-presence 

increases product diagnosticity when the product directly involves one’s body or identity 

(Suh et al., 2011). AR social presence refers to the sense that the AR app is a social actor 

(Gefen & Straub, 2003) and is conceptualized as a sense of human contact in the online 

environment (Gefen & Straub, 2003). Social presence increases consumers’ sense of 

closeness with the seller; the AR app provides a virtual approximation of a social actor, 

such as a seller in a store (Suh et al., 2011). Social presence enhances trust (Gefen & 

Straub, 2003) and results in a positive product attitude (Hassanein & Head, 2005).  

Finally, this publication aims to inspire future studies of AR presence in marketing by 

investigating the role of the multidimensional perspective of presence (three presence 

dimensions in AR: spatial, social, and self) on consumers’ responses. In addition, future 

research should clarify the role of contextual factors, such as the marketing channel (e.g., 

in store or online) and the types of products displayed in AR (e.g., makeup, sunglasses, 

or tattoos), to explain differences in the outcomes of presence (Lavoye, 2023). 
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4.4 Publication 3 

Toward an improved understanding of AR-based presence dimensions and their impact 

on attitude certainty 

4.4.1 Objectives 

This publication defines the multi-dimensional perspective of presence in AR and 

proposes subsequent consumer responses (Lavoye, 2023). The existing research on the 

outcomes of presence merely addressed a single presence dimension—spatial presence 

(see Breves, 2021; Daassi & Debbabi, 2021; Hilken et al., 2017; Smink et al., 2020). 

Specifically, the research on VTOs has focused on spatial presence and its impact on 

product-related outcomes, such as purchase intentions (Hilken et al., 2017; Vonkeman et 

al., 2017), while the roles of self-presence and social presence have remained largely 

overlooked. This gap appears consistently when researchers investigate specific 

technologies and select one dimension of presence, thus overlooking the 

multidimensional conceptualization. For instance, spatial presence facilitates learning 

about products in AR shopping (Hilken et al., 2017; Smink et al., 2020; Verhagen et al., 

2014), self-presence provides a self-relevant experience with products in a video game 

context (Behm-Morawitz, 2013; Li & Lwin, 2016; Teng, 2017), and social presence 

enhances trust toward companies and products in the context of a three-dimensional 

virtual model (Algharabat & Shatnawi, 2014) and e-commerce (Dash & Saji, 2008). The 

objectives of this publication are twofold. First, Publication 3 aims to empirically test the 

validity and reliability of the scales for the three-dimensional perspective of presence. 

Second, this publication aims to verify whether and to what extent the three dimensions 

of presence in AR are important to consumer decision making. Thus, we tested the 

conceptualization of AR presence in the context of a VTO for sunglasses. To do so, this 

study used a survey method to investigate the role of three key dimensions of AR presence 

in consumer decision making.  
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4.4.2 Main contributions 

To the author’s knowledge, this is the first study to show that consumers experience 

spatial, social, and self-presence dimensions in the AR-VTO context. Thus, this study 

provides theoretical and empirical groundwork for investigating the three dimensions of 

presence. The presence experience is an important predictor of consumer decision 

certainty. The results confirm the importance of a multidimensional approach because 

different dimensions of presence influence attitude certainty differently. Specifically, AR 

users get a sense of a realistic experience via three presence dimensions: spatial, social, 

and self. Spatial and social presence positively influence attitude certainty, while self-

presence does not (Lavoye & Tarkiainen, 2021). Publication 3 suggests that consumers’ 

attitude certainty is predicted by spatial presence; thus, when consumers can move the 

product around realistically in the real world, they feel more confident about their 

attitudes toward the product. In addition, a sense of closeness with the firm via social 

presence is an indication that the branded AR can be trusted. Therefore, tangible product 

and social interaction with the firm enhance attitude certainty in the online context. 

However, attitude certainty does not depend on how the self is represented. Overall, these 

results confirm the importance of a multi-dimensional definition of presence to provide a 

fine-grained understanding of how AR enhances decision making. 
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4.5 Publication 4  

The emperor’s new clothes: Self-explorative engagement in virtual try-on service 

experiences positively impacts brand outcomes 

4.5.1 Objectives 

Clothing and fashion products have symbolic meanings that are integrated into 

consumers’ concept of self (Piacentini & Mailer, 2004). The self encompasses how 

people think and feel about themselves (Sirgy, 1982). People typically try on clothes 

before purchasing them (Alexander et al., 2005; Holmlund et al., 2011). In the context of 

offline retail, consumers modify their appearance out of curiosity, for instance, about how 

clothing items fit; often, this is done without a defined goal (Gurel & Gurel, 1979). 

Similarly, in AR-enhanced VTO, people may wish to explore their style and be motivated 

to try on branded products from brands that propose such services. The extant literature 

discusses the role of self-referencing, personalization, and inspiration as elements of 

consumer–brand interactions enhanced by AR (e.g., Hinsch et al., 2020; Rauschnabel et 

al., 2019). In addition, consumers’ motivations to personalize their experiences in AR 

enhance their intentions to purchase (Smink et al., 2020). Because there were only few 

previous attempts to conceptualize self-explorative engagement (cf. Huang & Liao, 2017; 

Scholz & Duffy, 2018), its drivers and consequences for brands remain mostly unknown. 

Self-explorative engagement refers to the exploration of styles in AR and constitutes the 

core usage of AR-based VTOs (Huang & Liao, 2017). The theory of self-extension 

demonstrates that virtual environments can enable people to explore their possible selves 

(Belk, 2013). Therefore, the aim of this publication is to improve the understanding of 

AR-based VTO experiences with a self-extension perspective and to focus on AR usage 

when consumers enjoy the experience for its own sake and without a purchase goal. This 

study addresses the core objective of this dissertation because it demonstrates the context 

in which self-presence predicts positive consumer outcomes.  

Thus, this publication aims to answer:  

- What are the effects of presence on consumers’ responses to AR?  

- How does self-presence enable experiential AR? 

 

4.5.2 Main contributions 

First, self-presence enhances self-explorative engagement, brand cognitive processing, 

and brand attitudes when people use AR with experiential motives (Lavoye et al., 2023). 

As such, this study extends research on presence because experiential AR is a contextual 

factor that explains the influence of self-presence (Lavoye et al., 2023).  

Second, Publication 4 contributes to the research on the motivation to use branded AR 

apps by showing that self-presence and self-explorative engagement enable the 

exploration of possible selves. This finding provides novel insight that answers the call 
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to improve the understanding of consumers’ motivation to use online services (Furrer et 

al., 2020). Self-expression refers to the different ways individuals may choose to present 

themselves to others (Oyserman, 2009). Possible selves include the expression of 

people’s actual, ideal, or ought-to self (Markus & Nurius, 1986). Virtual self-

representation permits individuals to modify their physical and symbolic attributes and 

explore their possible selves (Jin, 2012). The exploration of possible selves include a 

variety of behaviors that can go from imagining wearing certain clothes to imagining 

being a good student (Belk, 2003; Erikson, 2007). The digital environments enable 

consumers to explore a variety of possible selves (Belk, 2013). For instance, when AR 

for makeup enables consumers to try on Rihanna’s makeup style, they explore possible 

selves (El-Shamandi Ahmed et al., 2023). In the early stages of the decision-making 

process, AR usage can be a self-care activity dedicated to exploring one’s possible self 

(Scholz & Duffy, 2018). 

Third, self-explorative engagement enhances brand cognitive processing and brand 

attitudes (Lavoye et al., 2023). Self-extension theory suggests that the exploration of  

possible selves encourages consumers to think about the brands’ attributes and traits 

associated with the brands because consumers may wish to identify personally with those 

brands (Belk, 2003). The theory of the extended self explains that consumers can try out 

new aspects of their identities by exploring  new styles, in turn they may integrate the 

branded product into their sense of self (Belk, 1988, 2013). In turn, self-extension 

enhances attention to and enjoyment of the brand (Belk, 1988, 2013). Therefore, when 

individuals explore their style via a process of self-extension, the AR experience increases 

brand cognitive processing and brand attitudes (Lavoye et al., 2023). This publication 

suggests that trying on clothes and makeup in an AR-based VTO enables self-extension 

(Lavoye et al., 2023).  

Lastly, the generalizability and robustness of the study’s findings were confirmed. As 

such, the study’s findings align for two popular fashion and beauty brands. In addition, 

the research model was first investigated without covariates and then with the covariates 

of age, education, and interest in fashion shopping to provide additional support for the 

findings. 
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5 Discussion and conclusion 

5.1 Answering the research questions 

5.1.1 Research question 1  

How does AR influence consumer responses in retail? 

First, this dissertation reveals that there are three main phenomena that explain the 

positive effects of AR-VTO on consumer responses (Lavoye et al., 2021). Specifically, 

an AR app increases perceived value and enhances consumers’ responses. A recent meta-

analysis confirmed the effects of AR on consumer attitudes, satisfaction, and behavioral 

intentions via utilitarian and hedonic value (Vieira et al., 2022). Second, the impact of 

AR spatial presence on decision making is explained by AR users’ ability to imagine that 

the product is located in the real environment and can be moved in the real world (Lavoye 

et al., 2021). Third, the relationship between the virtual self and the brand enhances 

consumers’ responses (Lavoye et al., 2021). This dissertation suggests that the influential 

effects of the presence dimensions are conditional depending on the stage of the decision-

making process, so self-presence is not important at the decision-making stage (Lavoye, 

2023; Lavoye & Tarkiainen, 2021). This finding is further confirmed in Publication 4, 

which shows that self-presence drives self-extension in the VTO environment and enables 

self-explorative engagement and subsequent positive brand outcomes (Lavoye et al., 

2023). 

Overall, the components of an optimal AR experience detailed in this dissertation provide 

an important cornerstone for studying the three-dimensional perspective of presence. 

Lastly, the negative aspects of AR represent risks that must be mitigated to ensure AR 

usage. Specifically, the two pitfalls that should be avoided for the long-term success of 

AR are privacy concerns and shiny object syndrome. Privacy concerns are particularly 

important in the VTO context because a live-feed camera is pointed at consumers. Several 

studies have investigated privacy concerns as a focal construct (e.g., Cowan et al., 2021; 

Feng & Xie, 2018). Privacy concerns with AR are mainly based on the sensitivity of the 

content that the app requires permission to access and users’ number of prior app 

downloads (Harborth & Pape, 2021). To conclude, the usefulness of and risks associated 

with AR are still mostly unknown to consumers and marketers. 

5.1.2 Research question 2  

What are the key dimensions of presence in augmented reality? 

The realistic AR experience is composed of three dimensions of AR presence: spatial, 

social and self-presence. Spatial presence occurs when users feel that the virtual object is 

in the real environment and can be interacted with; thus, they feel that the virtual product 

is an actual product (Hilken et al., 2017). Self-presence refers to users’ feeling that the 

virtual self is physically similar to themselves and that they identify with the virtual self; 



 60 

thus, they feel that the virtual self is their actual self (Seo et al., 2017). Lastly, social 

presence refers to users’ sense of human warmth and personalness within the branded AR 

app; thus, they feel that the virtual actor is an actual social actor (Gefen & Straub, 2003).  

This dissertation suggests that the influential role of presence at the consumer–employee 

frontline can be explained in several ways. First, spatial presence via the experience of 

embeddedness and embodiment makes highly contextual information about the product 

available and enhances decision comfort (Hilken et al., 2017). Second, self-presence 

increases product diagnosticity when the product directly involves one’s body or identity 

(Suh et al., 2011). Third, social presence increases virtual proximity to the social actor as 

if it was a seller in a store (Suh et al., 2011). Thus, social presence enhances trust (Gefen 

& Straub, 2003) and results in positive consumer attitudes toward a product (Hassanein 

& Head, 2005). To sum up, this dissertation shows that immersive shopping technologies 

can decrease the physical, personal, and social intangibility inherent in buyer–seller 

relationships. The next question elucidates the presence outcomes in the AR-based VTO 

context in two different stages of the customer journey: decision making and experiential 

usage of AR.  

5.1.3 Research question 3 

What are the effects of presence on consumers’ responses to augmented reality? 

Spatial and social presence positively influence attitude certainty, while self-presence 

does not (Lavoye & Tarkiainen, 2021). Spatial presence occurs when consumers get the 

sense that the product is located in their environment and can be interacted with (Hilken 

et al., 2017). AR improves cognitive fluency and reduces the cognitive load associated 

with product evaluation (Fan et al., 2020). Meanwhile, spatial presence improves product 

tangibility and enhances purchase intentions (Verhagen et al., 2014). Thus, these results 

indicate that the AR-induced reduction to cognitive load and increased tangibility 

strengthen consumers’ certainty in their attitude formation. Social presence occurs when 

users get a sense of human connection with a company or product (Gefen & Straub, 2003). 

Social presence enhances trust and reduces the perception that the seller might hide 

information or behave in an untrustworthy manner (Gefen & Straub, 2003). Therefore, 

social presence improves certainty in attitude formation (Lavoye & Tarkiainen, 2021). 

However, self-presence did not predict attitude certainty in the AR-based VTO for 

sunglasses (Lavoye & Tarkiainen, 2021). Self-presence refers to the sense that the virtual 

self is oneself in two aspects: physical similarity and identification (Seo et al., 2017). At 

the decision-making stage, the sense that the virtual self is oneself is less important 

because consumers have already formed their attitudes toward the product and are instead 

focused on product and seller-related information (Lavoye & Tarkiainen, 2021).  

This dissertation details that self-presence has a physical and a conceptual facet, and thus, 

it is better suited to influencing consumers’ responses toward brands during self-

extension. Specifically, self-presence enhances self-explorative engagement, brand 

cognitive processing, and attitudes (Lavoye et al., 2023). According to the theory of self-
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extension, when consumers explore styles, they may relate aspects of the brand with 

aspects of the self (Belk, 1988). Consumers using VTOs are motivated to explore their 

style (Huang & Liao, 2017), while self-presence gives access to private aspects of the self 

(Hooi & Cho, 2014). Thus, self-presence enables self-explorative engagement (Lavoye 

et al., 2023). In addition, information that is highly self-relevant is easier and faster to 

process and easier to recall (Rogers et al., 1977). Self-presence enables a highly self-

relevant experience and may enhance elaboration about the brand; thus, self-presence 

enhances brand cognitive processing (Lavoye et al., 2023). In addition, the positive 

effects of self-presence on consumers’ responses were consistent between the two AR-

VTO contexts, which increases the generalizability of the findings (Lavoye et al., 2023).  

To conclude, the effects of presence on consumer response depend on the context of AR 

usage during the customer journey but do not depend on the type of product displayed in 

AR. Overall, this dissertation finds that spatial and social presence are more important 

during decision making, and self-presence is more important when exploring styles and 

to improve brand response in an experiential context. 

5.1.4 Research question 4 

How does self-presence enable experiential augmented reality? 

Self-presence serves as the foundation for self-extension in AR, which results in positive 

brand attitudes. People need to recognize themselves in the experience to be motivated to 

explore their styles in AR and to create personalized brand information (Lavoye et al., 

2023). In turn, self-explorative engagement enhances brand attitude via brand cognitive 

processing (Lavoye et al., 2023). Therefore, Publication 4 shows a mediated effect of self-

explorative engagement on brand attitudes via brand cognitive processing (Lavoye et al., 

2023). This process can be explained by the fact that consumers experience self-extension 

in the VTO environment (Lavoye et al., 2023). Specifically, self-extension occurs when 

consumers extend themselves via branded information; in turn, self-extension increases 

consumers’ positive attitudes toward brands (Belk, 1988). AR facilitates the processing 

of brand information because AR unloads the cognitive processing of the exploration of 

styles onto the device (Lavoye et al., 2023). In addition, self-explorative engagement 

results in the creation of personalized brand information, increases the processing of such 

brand information, and positively impacts brand attitudes (Lavoye et al., 2023). 

 

5.2 Theoretical contributions 

5.2.1 Contribution to presence theory literature 

My contribution to presence theory is threefold: defining presence in the context of AR, 

highlighting the importance of the three dimensions, and indicating the context-dependent 

outcomes of presence. Spatial presence occurs when users feel that the virtual object is in 

the real environment and can be interacted with; thus, they feel that the virtual product is 
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an actual product (Hilken et al., 2017). Self-presence occurs when users feel that the 

virtual self is physically similar to their real self and identify with the virtual self; thus, 

they feel that the virtual self is themselves (Seo et al., 2017). Social presence occurs when 

users feel a sense of human warmth and personalness within a virtual environment (here 

a branded AR app); thus, they feel that the virtual actor is an actual social actor (Gefen & 

Straub, 2003).  

AR research has, thus far, solely focused on spatial presence in the decision-making 

context, indicating that the study of the holistic presence experience in the AR context is 

missing (Lavoye et al., 2021). In contrast, this dissertation defines the three presence 

dimensions and investigates their impact on consumers (Lavoye et al., 2021, 2023; 

Lavoye & Tarkiainen, 2021). In parallel to the importance of spatial presence theory, this 

dissertation emphasizes the role of social presence theory to provide an in-depth 

understanding of decision making in AR. Therefore, this dissertation suggests that when 

consumers use AR to purchase products, they are influenced by the product in the 

environment and the action possibility as well as the social cues of the technology. This 

finding provides additional evidence for Sadamali et al. (2023) who propose that social 

presence in the product viewing experience, defined as a combination of spatial and social 

presence cues, is a key predictor of consumer attitude change. In addition, when the 

technology displays the virtual self then the importance of self-presence depends on 

whether the information is linked to the body in a meaningful way (van Brakel et al., 

2023).  

Afterwards, this dissertation demonstrates the importance of a fine-grained understanding 

of presence to better predict positive consumer responses. First, a sense of spatial presence 

when using shopping technologies enhances learning about a product with highly 

contextual information and facilitates decision making (Hilken et al., 2017). Second, self-

presence gives a sense that the information is self-relevant (Hooi & Cho, 2017) and 

enhances attention and behavior change intentions (Behm-Morawitz, 2013). In addition, 

self-presence increases product diagnosticity when the product directly involves one’s 

body or identity (Suh et al., 2011). Third, social presence facilitates a sense of closeness 

with the seller (Suh et al., 2011) and enhances trust (Gefen & Straub, 2003; Hassanein & 

Head, 2005). Therefore, immersive shopping technologies decrease the physical, 

personal, and social intangibility inherent to the buyer–seller relationship (Lavoye, 2023). 

As such, the optimal realistic shopping experience in AR is comprised of spatial, self, and 

social presence, which corresponds to the sense of an actual product, sense of self, and 

sense of the branded app as an actual social actor, respectively (Lavoye, 2023). To sum 

up, this dissertation provides important background for the specific role of each AR 

presence dimension in enhancing consumer responses. This finding confirms recent study 

on social VR platforms that show that social and self-presence enhance a sense of social 

support and heightened users’ well-being, while spatial presence did not have an effect 

(van Brakel et al., 2023).  

Additionally, this dissertation discusses one contextual factor—the optimal AR presence 

dimensions for different decision-making stages. Spatial and social presence influence 
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attitude certainty in the context of a branded AR app for makeup products (Lavoye & 

Tarkiainen, 2021). While, self-presence influences self-explorative engagement, brand 

cognitive processing, and brand attitude for two branded AR apps for fashion and beauty 

products (Lavoye et al., 2023). Taken together, Publications 3 and 4 confirm the role of 

presence dimensions in influencing consumer responses and the contextual differences in 

presence outcomes depending on the motives for AR usage (Lavoye et al., 2023; Lavoye 

& Tarkiainen, 2021). Meanwhile, the product displayed in the AR-enhanced VTO did not 

have a contextual impact during experiential AR usage because both the sunglasses and 

makeup app consistently predicted self-presence, self-explorative engagement, and brand 

responses (Lavoye et al., 2023).  

5.2.2 Contribution to the theory of extended self   

According to the theory of self-extension, when consumers relate to the brand, they care 

about and like the brand more (Belk, 1988, 2013). This dissertation contributes to research 

on the exploration of possible selves in the virtual context (Ambika et al., 2022; El-

Shamandi Ahmed et al., 2023) and discusses several outcomes of virtual self-extension 

in the VTO context. Specifically, when people experience a realistic try-on experience, 

the realistic self enables them to explore their possible selves and facilitates learning about 

the brand (Lavoye et al., 2023). During this process, consumers may integrate symbolic 

meaning from the brand into their self-concept and improve their attitudes toward the 

focal brand (Lavoye et al., 2023). Previous studies that investigated AR try-ons for 

multiple brands or unbranded styles found that consumers did not feel that AR was 

realistic and would not use it to explore themselves (El-Shamandi Ahmed et al., 2023; 

Javornik et al., 2022). Our study shows that branded AR apps allow consumers to learn 

about the focal app and lead to positive brand attitudes. Therefore, the symbolic meaning 

of a focal brand gives reassurance and permits self-extension in the virtual environment.  

This dissertation further establishes that self-presence is an influential antecedent of self-

explorative engagement in the context of VTOs. Therefore, this dissertation contributes 

to consumer research on explorative consumers (see Chernev et al., 2011). I find that the 

exploration of style is a novel motivation to use online services thus, this research answer 

calls for novel insights into the use of online services (Furrer et al., 2020). Consumers 

naturally explore their style in AR-based service contexts (Scholz & Duffy, 2018) when 

they get a sense that the virtual self is themselves. Thus, using a VTO is not merely an 

enjoyable experience; it also supports consumers in their desire for self-exploration and 

learning about brands, consequently increasing brand attitudes (Lavoye et al., 2023). In 

addition, self-presence enhance consumer-brand affective and cognitive responses 

(Lavoye et al., 2023). Thus, this dissertation extends prior research that showing the role 

of self-presence in VR to improve the image of the travel destinations (Adachi et al., 

2020). Thus, this dissertation highlights the role of self-presence in improving consumers’ 

attitudes and cognitive processing in the context of AR-based VTOs. Lastly, these 

findings extend the work of Scholz and Duffy (2018) by showing that self-presence is 

necessary for consumers’ self-exploration.  
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5.3 Managerial implications  

5.3.1 Implications for retailers 

New retail technologies enable frictionless, highly personalized interactions with brands 

that help firms build much deeper ties with customers and improve the customer 

experience (Siggelkow & Terwiesch, 2019). Brands use AR-based VTO to sell directly 

to consumers whenever and wherever they are. For instance, L’Oréal developed 

recommendation agents to provide a realistic and highly personalized service. Similarly, 

Sephora used AR as an omnichannel strategy to serve consumers’ needs as they arose. 

AR can be part of the omnichannel strategy (Hilken et al., 2018), as research has shown 

that multichannel customers, particularly new AR users, are more profitable (Tan et al., 

2022; Zhang et al., 2022).  

The three dimensions of presence predicted consumer responses, such as attitude certainty 

at the decision-making stage and brand responses in experiential AR. The contextual 

differences in the outcomes regarding presence are an interesting finding because they 

show that presence dimensions can serve as a foundation for recommending AR features 

that improve consumer responses depending on retailers’ strategic goals. Figure 5 shows 

the role of presence dimensions in influencing consumer responses.  

Figure 5. Dimensions of presence influencing consumer responses 

 

The differences in the outcomes regarding presence provide the groundwork for studying 

the dimensions separately and enable the provision of detailed recommendations to retail 

brands. Taken together, Publications 3 and 4 suggest that the outcomes of presence 

dimensions depend on motives for AR usage, such as decision making and experiential 

usage earlier in the decision-making process. 
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Publication 3 finds that spatial and social presence are highly influential in enhancing 

consumers’ attitude certainty at the decision-making stage (Lavoye & Tarkiainen, 2021). 

Spatial presence is the most investigated presence dimension because it helps evaluate 

experiential products, such as a car or sofa (Smink et al., 2020). When consumers shop 

for products, such as apparel and accessories, these products are more free-floating in 

nature; therefore, spatial presence is likely to influence decision making (Lavoye & 

Tarkiainen, 2021). Social presence enhances attitude certainty; thus, companies should 

invest in social cues to enhance social presence in the VTO environment (Lavoye & 

Tarkiainen, 2021). The positive impacts of spatial and social presence can be explained 

by consumers’ greater focus on the evaluation of the product and whether they trust the 

branded AR apps to provide believable product information (Lavoye & Tarkiainen, 

2021). In contrast, self-presence does not help consumers feel more confident in their 

attitudes toward the product. I suggest that when consumers are close to the decision 

stage, self-presence becomes extraneous information.  

In addition, this dissertation emphasizes that consumers value self-presence more when 

they use AR for experiential motives (Lavoye et al., 2023). When using AR for the 

experience itself, self-presence provides self-relevant information about the product 

experience; therefore, it enhances brand cognitive processing and brand attitudes (Lavoye 

et al., 2023). When consumers explore their styles, they need to feel self-presence so that 

their experiences are personally relevant (Lavoye et al., 2023). Therefore, improving self-

presence and self-explorative engagement helps enhance consumer responses toward 

brands in the context of branded fashion and makeup apps (Lavoye et al., 2023). 

Additionally, exploration of a possible self constitutes a novel motivation for technology 

use in retail and may help retailers find their audience in the online context (Lavoye et 

al., 2023). This novel way of interacting with firms at the organizational frontline has the 

potential to deepen consumer–brand relationships (Marinova et al., 2017). The two 

contexts provide evidence regarding the generalizability of the outcomes of self-presence 

in experiential contexts. 

Apps in the fashion industry (e.g., for clothes, accessories, and shoes) should rely on self-

presence to encourage consumers to learn about brands and improve brand attitudes by 

enabling self-explorative engagement (Lavoye et al., 2023). Higher cognitive and 

affective attitudes toward brands are dimensions of consumer brand engagement and may 

lead to consumer loyalty (Hollebeek & Macky, 2019). In addition, self-explorative 

engagement is a novel form of interaction with a company’s frontline in the virtual 

environment, and I propose that the hedonic experience will create a lock-in effect. Lock-

in effects refer to a situation where customers remain loyal to a brand because the benefits 

of switching are outweighed by the costs involved (Murray & Häubl, 2007). As such, this 

loyalty of consumers is achieved because people have invested time and effort learning 

how to use the product or brand (Shih, 2012). In contrast, this loyalty may be created from 

positive experiences with products and brands (Shih, 2012). Therefore, this dissertation 

suggests that the use of AR-VTO in branded apps such as Sephora or Nike can encourage 

consumers to explore styles, foster positive attitudes, increase learning about the brand, 
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heighten loyalty and boost sales. This approach can help brands capture more value for 

themselves without paying commissions to a platform.  

5.3.2 Implication for branded app design 

Presence can result from internal processes, such as mental imagery, or external stimuli, 

such as the immersion level of a technology. Thus, a medium may influence the presence 

experience. For instance, AR has been shown to be superior to images and 360-spin for 

enhancing spatial presence and encouraging purchase intentions (Verhagen et al., 2014). 

Therefore, app designers play a key role in providing high-quality immersive experiences 

through a sense of presence. This dissertation claims that the optimal AR experience 

encompasses three dimensions of presence; however, their levels and importance are 

highly context dependent. Social presence theory argues that the optimal level of presence 

is not always required to achieve the best results. For instance, self-presence in the 

sunglasses VTO did not improve decision certainty (Lavoye & Tarkiainen, 2021).  

Spatial presence can be encouraged by increasing the realistic embedding of products in 

AR. The app should be able to register other objects in the space and place the product in 

a realistic manner. For instance, if AR users try on a T-shirt while they are wearing a 

jacket, the T-shirt should be under the jacket instead of superimposed (Rauschnabel, 

Felix, et al., 2022). In addition, a higher spatial presence is needed so that the AR content 

is persistent. For example, if AR users place a painting on their wall, it should be pinned 

into place and not move as the screen moves around (Rauschnabel, Felix, et al., 2022).  

Self-presence can be encouraged by apps that enable camera live feed of the users’ body 

or face (Seo et al., 2017). In addition, fashion increasingly aims to be inclusive, and 

consumers desire products that fit their actual skin color, facial features, and textures (El-

Shamandi Ahmed et al., 2023). Therefore, app designers can benefit from different groups 

of consumers co-creating the experience (Lavoye et al., 2023). Lastly, the superimposed 

information should not be too eccentric so that consumers do not identify with wearing 

such clothes or makeup (El-Shamandi Ahmed et al., 2023).  

Social presence can be enhanced through social cues, for instance, by providing product 

recommendations (Qiu & Benbasat, 2008). In the AR context, recommender systems 

have been shown to enhance consumer responses (Adam & Pecorelli, 2018). Thus, 

recommender systems in the VTO context may be influential sources of social presence 

that enhance consumer responses. In addition to presence dimensions, this dissertation 

also finds that self-explorative engagement is a novel way for consumers to interact with 

the company’s frontline in a virtual environment (Marinova et al., 2017). Exploration of 

self via AR is part of the self-presentation motive and explains the use of AR face filters 

(Javornik et al., 2022). Thus, self-explorative engagement is an important part of a 

realistic experience with AR-based VTOs and can enhance cognitive processing and 

brand attitudes.  
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5.3.3 Implications for marketers 

Extant marketing practices differ from AR marketing because AR content is embedded 

in the real environment, embodied, and highly self-relevant, and it enables realistic 

interactions with the brand. First, traditional online marketing may display branded 

content on Instagram. Instead of being fully on-screen content, branded AR content 

enables users to see marketing campaigns in their real environment in real size. For 

instance, the A/R Jordan social commerce experience partnered with Snapchat to enable 

consumers to relive the famous ’88 Slam Dunk Contest shot. Snapchat users could go to 

a geofenced basketball court in downtown Los Angeles (Dickey, 2018) and see Jordan’s 

famous pose as well as purchase the updated edition of Jordan’s sneakers within the app 

(Dickey, 2018). The virtual campaign resulted in the shoes being sold out in 23 minutes. 

These types of campaigns deliver the kind of experience consumers crave and cannot get 

anywhere else. Therefore, the firm gave consumers the perfect reason to buy directly from 

Nike. Moreover, when users have access to embodied devices, such as AR glasses, the 

AR marketing campaign may outperform existing real-life advertising options. For 

instance, instead of a Coca-Cola sponsorship of a concert, customers could launch a 

virtual concert of hit singer Ava Max in the users’ physical space by scanning the Coca-

Cola Starlight can or bottle (Hein, 2022). Therefore, the firm was able to reach Coca-Cola 

customers wherever they were, and the AR glasses delivered a highly interactive and 

inspiring campaign in a naturalistic way. In addition, traditional marketing typically is 

not user or context specific (Rauschnabel, Babin, et al., 2022). However, AR marketing 

can target consumers based on estimated consumers’ needs that vary across situations 

(Rauschnabel, Babin, et al., 2022). For instance, the Nike Swoosh High campaign used 

AR-VTO in stores to provide a novel shopping experience in which customers could try 

on apparel and shoes and unlock access to discounts (Snapchat, n.d.). Depending on the 

consumer purchase journey, apps may enhance decision making or increase consumer 

engagement by allowing consumers to playfully experience a brand. Lastly, the amount 

of data that firms may gather on users’ preferences is greater in AR (Rauschnabel, Babin, 

et al., 2022). For instance, captors in AR may detect users’ physical and social 

environment and recognize the location, objects in the room, interactions with other 

people, etc. Combined with other technologies that enable access to the metaverse, AR 

may provide access to consumer behavior data that firms can arrange as heatmaps 

showing consumers’ interactions with firms’ frontlines (Dwivedi et al., 2022).  

 

5.4 Limitations and suggestions for future research topics 

Publication 1 is limited by the fact that it is a systematic literature review. The literature 

search was solely based on our inclusion and exclusion criteria, which were aimed at 

providing an overview of consumer behavior in the retail context. Second, research on 

AR remains fragmented due to its multidisciplinary streams. However, interest in AR in 

the field of HCI is growing, and future research should aim to provide theoretical 

frameworks on the impact of AR on consumer responses.  
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A limitation of the study in Publication 2 is that presence scales rely on people’s reported 

perceptions. The literature is too scarce to propose links between technological features 

and AR-relevant presence dimensions. However, the field would benefit from a literature 

review on the technological features of current virtual technologies and their impact on 

presence dimensions and marketing-relevant outcomes. For instance, preliminary efforts 

to link technology features to social presence and its outcomes exist (Oh et al., 2018).  

Publication 3 was a pre-test of a multidimensional perspective on AR presence, and thus, 

the sample was small (N = 70). This limitation was partially mitigated by using item 

parceling for the exogenous variables, which resulted in about five cases for each 

parameter, which is acceptable, as Hair et al. (2010) indicated that there should be 

between five and 10 cases per parameter. However, this study needs to be expanded both 

in terms of the sample size and the context studied. In addition, the results revealed 

different effects of presence dimensions on consumers’ decision making. Thus, future 

research should systematically investigate the three dimensions of presence to provide a 

better understanding of presence outcomes. In addition, prior literature suggests 

contextual differences that prompt future exploration of the role of product type. 

Specifically, while consumers experienced spatial presence in makeup AR apps (Daassi 

& Debbabi, 2021), spatial presence did not improve purchase intentions (Smink et al., 

2020). VTOs allow consumers to try on an appearance in a manner that is not permanent 

or very risky (Behm-Morawitz, 2013). Self-presence influences people to change their 

appearance and adopt healthy behaviors offline (Behm-Morawitz, 2013). Thus, self-

presence may be more important and better explain consumer decision making in the 

context of makeup VTOs. 

Publication 4 collected cross-sectional surveys. Due to this method, common method bias 

may have been a limitation of this study (Baumgartner et al., 2021). However, this risk 

was partially mitigated by following the preventative steps recommended by MacKenzie 

and Podsakoff (2012). Furthermore, a post-hoc test for common method bias following 

Harman’s criterion indicated that common method bias was not a risk in this study (Field, 

2009). To our knowledge, Publication 4 is the first to show the role of self-presence in 

AR in enhancing brands’ cognitive and affective outcomes. The study discussed the 

exploration of styles in AR but did not investigate the deeper meaning for consumers’ 

self-concept. In addition, self-explorative engagement was measured with self-reported 

questionnaire items, so further research should verify our findings by measuring self-

explorative engagement as performance. For instance, such a study may measure the time 

spent on the app, how many looks were tried on, or how different the look tried on was 

from the typical style. Another limitation of Publication 4 is that branded apps that solely 

sold their own brands were used. Self-extension typically increases loyalty to one focal 

brand; however, virtual products may reduce loyalty (Belk, 2013). Therefore, future 

research should investigate whether self-explorative engagement can decrease loyalty, for 

instance, in the context of retailers’ apps. For instance, Amazon provides a VTO that lets 

consumers explore thousands of styles from various brands, such as New Balance, 

Adidas, Reebok, and Lacoste (Perez, 2022). Publication 4 examines the impact of two 

product categories, lipstick and sunglasses, but it is possible that other product categories 
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may reveal new boundary conditions. Further research is necessary to address some 

conflicting findings and explore consumers' satisfaction with their appearance. 

Satisfaction with one’s appearance can enhance self-presence, product diagnosticity, and 

loyalty to the try-on technology (Suh et al., 2011). Conversely, consumers’ dissatisfaction 

with their body image can increase the popularity of VTOs (Yim & Park, 2019). This 

indicates that a lower self-presence resulting from dissatisfaction with one's appearance 

can protect against negative emotions and shift consumers' focus towards the products 

and the experience. Therefore, future studies should investigate how varying levels of 

self-presence affect different types of consumers in this context and provide service 

designers with guidelines. 

Overall, future research on the metaverse may use this dissertation as a background to 

study the realistic AR experience. Concerning spatial presence, for instance, the 

distinction between spatial presence in AR and VR may be reconciled in the future by 

giving the sense that the body is proximal to the virtual object. This could be done by 

either providing the sense that the individual is in the virtual environment or that the 

product is in the real world. I argue that the more virtual technologies improve, the less 

the difference between “being there” and “being here with the virtual object” will matter. 

Notably, in the metaverse, the virtual and real worlds will be blended, and consumers will 

pass seamlessly from one environment to the other several times a day (Golf-Papez et al., 

2022). Spatial presence that is located in the users’ real environment and enables actions 

in the real world is known as local presence (Rauschnabel, Felix, et al., 2022). A high 

level of spatial presence in the AR context would register the virtual object in the real 

world so that products could be realistically integrated into the environment and be 

persistent over time (Rauschnabel, Felix, et al., 2022). Thus, a virtual object that augments 

or diminishes the environment should blend in with the world (Rauschnabel, Felix, et al., 

2022). Social presence in the metaverse will be accessed via reality-enhancing 

technologies. Thus, as technology evolves, interactions will evolve from exchanging text 

and audio to multidimensional visual and haptic sensations (Hennig-Thurau et al., 2022). 

This is an important opportunity for firms, as brands, branded products, and branded 

environments will continue to play a key role in the metaverse. Thus, social presence at 

the customer–employee interface will continue to enrich sales interactions. 

Unfortunately, this remains under-researched (Hennig-Thurau et al., 2022). Overall, 

research on social presence is the most dynamic dimension of presence in consumer 

research. In addition, the research agenda on social presence in the metaverse points to 

the importance of social presence in reality-enhancing technologies (Hennig-Thurau et 

al., 2022). Research on social presence theory has been driven by the success of social 

media, social commerce, and social virtual worlds. However, those technologies entail 

different types of social presence: the social presence of a computer agent, the feeling of 

the presence of another actual person, and the feeling of interaction with another person 

(Hew et al., 2018; Leong et al., 2020). Social presence and the related notion of co-

presence are popular in the virtual shopping world and in social commerce contexts. 

Social presence in the social media context is conceptualized as the sense of presence of 

other para-authentic humans (Hajli et al., 2017; Lu et al., 2016) and co-presence as being 

together with other para-authentic humans (Schultze, 2010). Both social presence and co-
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presence in the social media context refer to disembodied social actors; however, the VR 

metaverse enables the sense of social presence and the co-presence of para-authentic 

embodied social actors. 
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Appendix A: Additional table 

Table A1. Alternative definitions of dimensions of presence 

Concept of presence Definition 

telepresence Telepresence refers to the sense of being engaged in a 

mediated environment (Whang et al., 2021).  

presence  

 

Illusion that the observer is present within that world caused 

as a response to the technological stimuli (Milgram & 

Kishino, 1994). 

spatial presence In the VR context, spatial presence refers to the sense of 

being there in the virtual environment (Schubert et al., 

2001). 

social presence  Social presence occurs when users get a sense that another 

being also exist within the virtual environment (Schuemie et 

al., 2001).  

co-presence Co-presence refers to the sense to be together with another 

person (Bulu, 2012).  
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ABSTRACT
Driven by the rapid technological development and adoption of 
augmented reality (AR) in retail, academic research has grown 
rapidly. Our purpose is to understand the reasons why consumers 
use augmented reality in retail and what outcomes retailers can 
expect. This study presents a systematic literature review and sum-
marizes the current empirical knowledge on consumer behavior 
with AR in retail. This topic remains scattered between various 
literature streams showing that the potential of AR to create value 
for consumers lays in its ability to generate utilitarian and hedonic 
value, to improve decision-making, and to enhance personalization 
of the virtual self. Then, this study warns about negative effects of 
AR usage. The contribution is a systematic literature review and 
a conceptual framework covering the most important consumer 
behaviors with AR and their brand-related, transactional, and tech-
nology-related outcomes. In addition, this paper adopts a holistic 
view to propose future research directions and emphasize the need 
for more research on social augmented reality.
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Introduction

Augmented reality (AR) refers to a set of technologies that superimposes digital informa-
tion and images on the physical reality of the user, thus creating a new interface between 
the digital and physical worlds (Javornik 2016b; Porter and Heppelmann 2017; Yim, Chu, 
and Sauer 2017). The AR market in retailing is expected to reach USD 11.4 billion by 2025 
with an annual growth rate of 39% (Markets and Markets 2019), which underlines the 
potential that retailers perceive in AR technologies (Piroth, Rüger-Muck, and Bruwer 
2020). In particular, by enhancing consumers’ shopping experience and reducing deci-
sion-making uncertainty, AR may relieve online retailers’ mounting problems with low 
conversion rates, high shopping cart abandonment and high product return rates, all of 
which have a significant impact on financial performance (Janakiraman, Syrdal, and 
Freling 2016).

Augmented reality-branded apps may be used in a multi-channel strategy, in order to 
provide value to consumers that goes beyond information search and responds to 
consumers’ experiential needs (Yrjölä, Spence, and Saarijärvi 2018). In addition to the 
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enhanced convenience in terms of savings in transportation and shopping time, AR helps 
consumers in their arduous task of mentally translating 2-D information into the 
3-D world, by providing an interface that aligns with consumers’ natural information 
processing (Hilken et al. 2017; Porter and Heppelmann 2017). Many retailers have incor-
porated AR as part of their service experience to focus on the interaction between 
consumers and retail frontline (Hilken et al. 2017). Harnessing the power of information 
in context, AR is changing how consumers shop (Cook et al. 2020). AR displays informa-
tion in context that is aware of the consumer, its physical environment (Hilken et al. 2017), 
and enhances the felt presence of others (Grewal et al. 2020).

Three different modes of AR shopping coexist: augmentation of the self (e.g., 
YouCam Makeup; Park and Yoo 2020), augmentation of one’s direct environment 
(e.g., IKEA Place; Rauschnabel, Felix, and Hinsch 2019), and augmentation of an object 
(e.g., Dessert menu; Heller et al. 2019a). The common uses of AR shopping are for 
glasses, makeup, and furniture (Cook et al. 2020), and these uses have also received the 
most research interest. AR technology helps consumers imagine how the cosmetics 
products or glasses look on themselves and to explore a new look or new color (Heller 
et al. 2019a), thus enabling them to browse through a large range of products more 
easily. Brands such as L’Oréal and Wayfair deliver ‘try-before-you-buy’ experiences that 
enable consumers to point their live cameras on themselves or into their homes and 
overlay 3-D virtual products (Power 2019). In addition to its look, how the furniture fits 
in the room is displayed through a true-to-scale visual representation of the room 
(Power 2019). Augmentation of an object has been implemented by Dulux, 
a company that allows users to pick a paint color for their wall and explore different 
options for the wall digitally; their app also enables sharing of the visualization as 
a video or picture. As consumers can see the information in context, it brings confidence 
into their purchase decisions (Power 2019). L’Oréal emphasizes that the AR experience is 
about personalized advice and sharing with the brands’ experts. Therefore, L’Oréal 
provides tutorials to teach consumers how to apply makeup, and they have created 
a skin analyzer to improve consumers’ skincare choices. In a promising development in 
social AR shopping, Dior uses Snapchat to implement augmented shopping, thereby 
enabling their wide audience to share their try-before-you-buy experiences and to 
receive suggestions from other consumers (Cohen 2020). Therefore, AR delivers a high- 
convenience, high-social-presence experience, which is crucial for the future of in-store 
technology (Grewal et al. 2020). Consequently, AR has the potential to improve con-
sumers’ ability to absorb product information more efficiently, to make better purchas-
ing decisions, and to obtain enjoyment from enhanced shopping experiences (Dacko 
2017; Huang and Liao 2015).

In response to the growing interest in the industry, scholarly attention to AR in retailing 
has increased in recent years. The empirical research has contributed to our knowledge of 
AR retailing applications from various aspects, such as technology acceptance (e.g., 
Huang and Liao 2015), consumer decision-making (e.g., Hilken et al. 2019), and user 
experience (Poushneh and Vasquez-Parraga 2017). However, the fragmentation of AR 
research into numerous literature streams and theoretical approaches makes it difficult to 
obtain a holistic picture of the current evidence, and there is an urgent need to provide an 
overview of AR research that would help scholars position their scholarly efforts within 
a broader realm of AR phenomena in retailing.
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Against this backdrop, this study presents a literature review on empirical research 
conducted in the context of AR in retailing that aims to answer the following research 
questions. 1) What is the current state of research in the field of AR in retail? 2) What are 
the key consumer behavior phenomena related to AR in retailing? 3) What are the 
consequences of AR usage on consumer attitudes and behavior? 4) Which research 
gaps remain to be addressed? This research contributes to the existing literature by 
generating a systematic account of the literature and combining various literature 
streams into one framework that demonstrates the key consumer behavior phenomena 
related to AR in retailing. Based on in-depth investigation of current research, the study 
proposes a number of important future research avenues.

This article starts by explaining the background for the literature review and position-
ing it against previous AR-related literature reviews. Then, the methodological choices in 
the identification and selection of suitable studies for the review are explained. Next, this 
paper describes the theoretical approaches, contexts, and methods that have been used 
in AR research. Subsequently, a framework is presented that provides a comprehensive 
view of AR consumer behavior phenomena and analyzes in detail the studies that relate to 
these phenomena. Finally, the future research agenda, conclusion, and limitations are 
discussed.

Background

AR and its applications in retail have developed rapidly due to rapid technological 
development, and the topic has naturally drawn attention in academic research as well. 
Unfortunately, the academic research is fragmented, probably due to the interdisciplinary 
origin of the topic (Bonetti, Warnaby, and Quinn 2018). As the body of academic research 
on AR in retail and e-commerce grows, there is a need for literature reviews to take stock 
of past research on the topic and to suggest an agenda for future research. Previous 
literature reviews on AR have focused on the differences between augmented reality, 
mixed reality and virtual reality (Flavián, Ibáñez-sánchez, and Carlos 2018), active and 
passive ingredients of AR marketing programs (Scholz and Smith 2016), mobile AR 
research at different levels of analysis (users, devices, and industry) (Liao 2019), and the 
role of AR in omnichannel experiences across the customer journey (Hilken et al. 2018). In 
light of our focus on consumer behavior with AR in retailing, we identify three reviews 
that are particularly relevant to our work. First, Javornik (2016a) reviews how media 
characteristics of AR are related to consumer responses. Second, Bonetti, Warnaby, and 
Quinn (2018) review AR research and organize it into three key debates in the field. Third, 
Caboni and Hagberg (2019) review literature on AR in retailing and identify three types of 
AR applications in retailing, as well as their benefits to consumers and retailers. In the 
remainder of this section, the foundational work presented in these reviews is summar-
ized to explain how our review complements the lessons learned from them.

Javornik (2016a) grounds her work in communication literature and assembles 
a framework that depicts the media characteristics1 of interactive media. In her review 
of studies, she organizes AR studies with these media characteristics and links the media 
characteristics to different consumer responses. As a conclusion in her review, Javornik 
(2016a) observes that AR differs from other interactive technologies in that augmentation 
(i.e., the ‘ability to overlay physical environments with virtual elements’, p. 259) is its 
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defining characteristic. Since Javornik’s (2016a) review, augmentation and its qualities 
have been regarded as among the key features of AR (Rauschnabel, Felix, and Hinsch 
2019; Poushneh 2018; Javornik 2016b). Javornik (2016a) concludes that other sympto-
matic aspects of AR are location-specificity, mobility, and machine- or space-related 
interactivity. The media characteristics or features such as environmental embedding 
and simulated physical control (Hilken et al. 2017), AR generation and AR transformation 
(Heller et al. 2019a), and vividness (Yim, Chu, and Sauer 2017) capture these aspects.

Bonetti, Warnaby, and Quinn (2018) chronologically review AR-related research in retail 
and provide a synthesis of key debates in the field. They structure the key debates into 
three categories: adoption, applications, and acceptance. The adoption-related debate 
revolves around retailers’ adoption of AR technologies and the actual purposes and 
benefits of adopting the technologies. For example, does the use of technology merely 
capture consumers’ attention, or is it truly a viable solution (Bonetti, Warnaby, and Quinn 
2018)? Under applications, Bonetti, Warnaby, and Quinn (2018) recognize that AR applica-
tions in retail are mainly virtual fitting room applications, and they include the e-com-
merce context as well as in-store use of AR. The acceptance debate in Bonetti, Warnaby, 
and Quinn (2018) review mainly discusses the drivers of consumers’ acceptance of AR 
technologies, in which the technology acceptance model (TAM, Davis 1989) plays the 
main role.

Caboni and Hagberg (2019) review literature on AR in retailing. They identify that the 
three major applications of AR in the retailing context are online web-based, in-store, and 
mobile applications. Furthermore, they synthesize the current knowledge of the potential 
value of AR for consumers and retailers. Caboni and Hagberg (2019) conclude that the 
benefits of AR for consumers include enhanced interaction with products and brands, 
augmentation of the shopping experience, and involvement in product personalization.

All of these reviews (Bonetti, Warnaby, and Quinn 2018; Caboni and Hagberg 2019; 
Javornik 2016a) are helpful in organizing the research literature on AR in retail. It seems 
that the emphasis is gradually changing from defining AR technology to a more nuanced 
understanding of its impact on consumer behavior in retail. Javornik’s (2016a) work clearly 
distinguishes AR technology from other interactive technologies and recognizes the core 
features of AR that are linked to consumer responses. However, since the research 
literature is organized by the media characteristics of AR, Javornik’s (2016a) review does 
not offer a clear synthesis of the actual consumer responses that can be achieved with AR. 
Bonetti, Warnaby, and Quinn (2018) review organizes literature on the research themes, 
which helps to distinguish between retailers’ perspectives on AR and consumers’ per-
spectives on accepting and adopting AR technologies. While these authors recognize that 
retailers might search for different consumer responses (e.g., mere attention vs. long-term 
benefits), they limit their analysis of consumer responses to technology acceptance. 
Caboni and Hagberg (2019) defined the three major types of AR applications and 
identified different types of value for consumers and retailers. Their review opens con-
sumers’ perspectives by increasing our understanding of the AR’s value drivers for con-
sumers in comparison to retailers. While Caboni and Hagberg’s (2019) review does 
provide important insights on consumer behavior, it looks at consumer behavior from 
the retailer’s point of view. Consequently, the focus is on retailers’ desired outcomes, such 
as satisfaction and shopping experience.
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Our literature review seeks to complement the reviews of Javornik (2016a), Bonetti, 
Warnaby, and Quinn (2018), and Caboni and Hagberg (2019) by examining AR in retail as 
a context and by organizing the literature according to different consumer behavior 
phenomena. Therefore, this review includes the consumer’s role as a change agent (in 
comparison to retailers’ desired outcomes) and identifies the research stream that focuses 
on the consumer’s virtual self.

Methodology

We identified articles that addressed the issue of consumer behavior with AR in retail by 
following the two-stage approach suggested by Webster and Watson (2002) and by Boell 
and Cecez-Kecmanovic (2015). In the first stage, relevant articles are identified by 
a keyword search, followed by more rigorous inclusion and exclusion processes in the 
selection of the articles in the second stage. In the first stage, we limited the search to 
journal articles because those findings are considered to be validated and are more likely 
to influence the academic and business fields (Podsakoff et al. 2005). We searched articles 
that were written in the English language in the online databases Scopus and Web of 
Science. The keyword searches were limited to the title and abstract of the articles. We 
adopted a broad range of terms coherent with our topic, both to limit irrelevant papers 
and to increase efficiency in identifying relevant papers. The searches were combinations 
of terms and are summarized in Table 1. In line with Boell and Cecez-Kecmanovic (2015), 
the selection of keywords evolved during the literature search process as we learned new 
terms that are commonly used in AR research (e.g., local presence, virtual try-on, and 
virtual fitting room).

In the second stage, we delimited the selection of articles in accordance with the 
following inclusion and exclusion criteria. First, we included only those articles that focused 
on AR in the context of retailing. Second, to ensure study quality, we included only articles 
listed in the Social Sciences Citation Index (SSCI) or the Science Citation Index Expanded 
(SCIE). Third, we excluded conceptual approaches because our review focuses on empirical 
studies. Fourth, we excluded studies in which it was unclear whether the respondents had 
ever actually used AR because AR shopping is still difficult to understand or is unknown for 
most consumers (Dacko 2017). This process resulted in the identification of 45 peer- 
reviewed articles (marked with an asterisk in the references) from 2014 to December 2019 
(see Appendix A). The starting time frame was not fixed by default; the earliest empirical 
study that focuses on consumer behavior with AR in our search results is from 2014.

Table 1. Keyword association for identification of relevant literature.
First term Second term

‘augmented reality’ ‘marketing’, ‘shopping’, ‘retail*’, ‘e-commerce’, ‘consumer behavior’, ‘consumer engagement’, 
‘experiential value’, ‘customer experience’, ‘point of sale’

‘augmented reality’ ‘virtual shopping’, ‘virtual try-on’, ‘virtual fitting room’, ‘virtual mirror’, ‘experiential marketing’, 
‘virtual product interaction’, ‘immersive store’

‘marketing’ ‘virtual shopping’, ‘virtual try-on’, ‘virtual fitting room’
‘experiential value’ ‘virtual shopping’, ‘virtual try-on’, ‘virtual fitting room’
‘virtual mirror’ ‘consumers’
‘local* presence’ ‘product’

Note: All entries are to be read as the association of the first term AND the second term (e.g., augmented reality AND 
‘marketing’).
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Overview of reviewed articles

The reviewed articles adopt a wide range of theories to investigate AR in retailing. The 
most commonly used theoretical approaches are based on the TAM, socially situated 
cognition theory, and mental imagery theory. In Appendix B (Table B1), we present a list of 
theories along with their descriptions. Methodologically, the studies were survey-based 
(e.g., Huang and Liu 2014; Rese, Schreiber, and Baier 2014; Dacko 2017), or experimental 
(Beck and Crié 2018; Hilken et al. 2017; Javornik 2016b), or adopted multi-method 
approaches (Scholz and Duffy 2018). Notably, 23 studies used student samples (51%), 
and an additional seven studies used young adult samples (16%), which is typical of 
studies focusing on new technologies (Darley, Blankson, and Luethge 2010) because 
students and young adults are known to be more open to innovative technologies 
(Yim, Chu, and Sauer 2017). However, the disproportionate use of student and young 
adult samples (67% of studies) limits the generalizability of the findings to the broader 
population of online consumers (Verhagen et al. 2014). Existing studies also focus pre-
dominantly on hedonic and low-involvement product categories (e.g., fashion and enter-
tainment) and interactions between the consumer and medium or brand, while 
consumer-consumer interaction facilitated by an AR app is seldom studied.

One notable issue is that AR is treated differently between studies. First, some 
studies treat AR as a set of features (e.g., interactivity and vividness) and investigate 
the impact of these features on dependent variables (Javornik 2016b). Second, some 
studies treat AR as a context to test the relationships of other variables and demon-
strate the mechanisms that underlie the potential value of AR interfaces (Hilken et al. 
2017; Heller et al. 2019a). Third, other studies compare the AR interface with stan-
dard web interfaces and investigate their differing impacts on dependent variables 
(e.g., Baek, Yoo, and Yoon 2018).

Research streams of AR-enhanced consumer behavior in retailing

The literature analysis resulted in the identification of several subthemes related to 
consumer behavior with AR in retailing. These subthemes were subsequently categorized 
into four broader research streams. The first research stream addresses the utilitarian and 
hedonic value that AR creates, which explains the motivation to engage in and commit to 
AR shopping experiences (see Table A1). The second stream concerns decision-making 
and involves research on AR as an immersive experience, and related subthemes of local 
presence, flow, and mental imagery that facilitate decision-making and AR-enhanced 
shared decision-making (see Table A2). The third stream is labeled the virtual self and 
refers to the potential of the AR experience to trigger self-referencing and self-brand 
connection aspects, such as self-brand connection and self-brand congruity (see Table 
A3). The fourth stream addresses the negative effects of AR that entail concepts closely 
related to privacy concerns, such as perceived intrusiveness, discomfort, and users’ 
control of access to personal information, as well as media irritation including issues 
about app quality. To conclude, we created aframework that highlights these four 
research streams as well as their antecedents and consequences that are commonly 
studied across the streams (Figure 1). Although the streams are not meant to be exclusive, 
the framework provides ameaningful synthesis of major research avenues.
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Utilitarian and hedonic value

An AR-enhanced user experience can create hedonic and utilitarian value; the former 
refers to enjoyment, while the latter refers to the effectiveness of the experience 
(Rauschnabel, Felix, and Hinsch 2019; Poushneh 2018; Hilken et al. 2017). The role of AR 
in creating utilitarian and hedonic value is often studied via the TAM. The TAM has been 
extended to include utilitarian (e.g., ease of use, usefulness, and informativeness) and 
hedonic value (e.g., enjoyment) to predict intention to use AR (e.g., Pantano, Rese, and 
Baier 2017). Studies include more specific dimensions that rely on the user experience 
concept, such as quality of information, aesthetic quality, response time, and interactivity 
(Pantano, Rese, and Baier 2017). Overall, both utilitarian and hedonic value predict the 
intention to continue using AR (Rese, Schreiber, and Baier 2014; Rese et al. 2017; Yim and 
Park 2019; Pantano, Rese, and Baier 2017; Huang and Liao 2015). Furthermore, utilitarian 
and hedonic value positively impact brand-related and app-related attitudes 
(Rauschnabel, Felix, and Hinsch 2019). Consumers with high cognitive innovativeness 
are more likely to consistently use AR (Huang and Liao 2015). Yim and Park (2019) 
demonstrate that the possibility of using AR try-on apps in private space is highly 
valued by participants with an unfavorable body image. This study also suggests that 
participants with an unfavorable body image are less susceptible to lower interactivity 
and irritation in forming their intention to adopt AR and record greater media useful-
ness and enjoyment.

As a natural continuum for AR acceptance and adoption, this stream focuses on 
examining whether the use of AR and resulting utilitarian and hedonic experiences (or 
motives) increase consumers’ positive responses, such as satisfaction, purchase inten-
tions, and patronage intentions (Dacko 2017; Poncin and Ben Mimoun 2014; Poushneh 
and Vasquez-Parraga 2017). AR enhances the holistic in-store experience, consumers’ 
positive emotions, and perceived value and leads to improved satisfaction and patronage 
intention (Poncin and Ben Mimoun 2014). AR increases curiosity about the product, which 
enhances exploratory behavior and drives patronage intentions and willingness to buy in 
an omnichannel context (Beck and Crié 2018). Watson, Alexander, and Salavati (2018) 
suggest that augmentation triggers affective responses, which then improve purchase 
intentions. Hedonic motivation moderates this effect.

Negative effects
Privacy concerns 
Media irritation 

Virtual self
Self-referencing  
Self-brand connection 

Decision-making
Immersive experiences 
Shared decision-making 

Utilitarian and hedonic value 
Technology acceptance 
User experience  

AR-based consumer behavior: 
4 themes 

AR features
Interactivity  
Augmentation  
Vividness 
Environmental embedding 
Simulated physical control 

Antecedents 

Brand
Brand attitude 

Technology-related
App attitude 
Spend more time on AR  
Intentions to use AR 

Transactional
Purchase intentions  
Patronage intentions  
Willingness to share personal 
data  

Outcomes 

AR usage

Figure 1. Framework of consumer behavior with AR.
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Decision-making

AR affects decision-making via immersive experiences and shared decision-making. 
Immersive experiences are facilitated by technology that offers more or better-quality 
sensory information and dissolves the boundary between the real and virtual worlds (Suh 
and Prophet 2018). As an immersive technology, AR provides believable product exam-
ination and enriches the decision-making process with additional visual and sensory 
information about products (Yim, Chu, and Sauer 2017). We find that AR enhances 
three distinct immersive experiences, namely, flow, local presence, and imagery.

Flow is a psychological state in which consumers feel focused immersion, enjoyment, 
control, curiosity, and temporal dissociation (Javornik 2016b; Huang and Liao 2017). 
Augmentation enhances flow and app-centric responses, such as app attitudes and 
recommendation intentions, but decreases cognitive responses (Javornik 2016b). Higher 
levels of flow increase the cognitive load of the immersive experience and make it difficult 
for consumers to process brand-related information (Javornik 2016b). Virtual liminoid 
theory suggests that the use of AR multisensory experience motivates consumers to 
decorate themselves (Huang and Liao 2017). Drawing on virtual liminoid theory, AR 
immerses users into flow and results in satisfaction and willingness to spend more time 
on AR (Huang and Liao 2017).

Presence has shifted from a sense of being present in a remote (virtual) location 
(see Huang and Liu 2014; Huang and Liao 2015) to sensing a virtual object close to 
consumers’ real environment (see Hilken et al. 2017; Vonkeman, Verhagen, and Van 
Dolen 2017). For simplicity, we will call the AR type of object presence local presence. 
Local presence provides an authentic situated experience in which consumers believe 
they are actually trying on the offering (Hilken et al. 2017) in their real environment 
(Vonkeman, Verhagen, and Van Dolen 2017). AR visualization triggers local presence, 
increases experiential value, improves decision comfort and leads to purchase inten-
tions (Hilken et al. 2017). Vonkeman, Verhagen, and Van Dolen (2017) show that by 
increasing product affect, local presence enhances impulse buying. By providing the 
feeling of being close to an offering, local presence responds to the main pitfalls of 
online shopping with regard to the mediated nature of the experience and, in turn, 
influences consumers’ appreciation for the product because product information feels 
more direct and less risky (Verhagen et al. 2014; Vonkeman, Verhagen, and Van Dolen 
2017) and is linked with increased purchase intentions and recommendation intentions 
(Hilken et al. 2017; Verhagen et al. 2014).

AR permits imagining using ‘a visual, lasting 3-dimensional (3D) product representa-
tion against the backdrop of the natural world’ (Heller et al. 2019a, 98), and the imagery 
persists after AR usage (Javornik 2016b, 996). Mental imagery is central to consumer 
decision-making, and preconsumption evaluation would not be possible without imagi-
nation (Heller et al. 2019a). Without touching and experiencing the product directly, 
generating mental images of the usability of a product is challenging (Heller et al. 
2019a). Heller et al. (2019a) show that AR offloads two distinct stages of mental imagery 
(i.e., imagery generation and transformation), enhances imagery processing fluency, and 
leads to choice. Park and Yoo (2020) show that interactivity enhances mental imagery 
elaboration and quality and results in positive attitudes and intentions toward products 
and apps. In addition, sensory modalities such as touch enhance mental imagery (Heller 
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et al. 2019b). The effect of improved cognitive processing on decision comfort is stronger 
for contextual products (Heller et al. 2019a). Regarding consumers’ characteristics, visua-
lizers benefit less from local presence in terms of utilitarian value perceptions (Hilken et al. 
2017), and spatial visualizers benefit less than object visualizers in terms of processing 
fluency, decision comfort, and WOM intentions (Heller et al. 2019a).

The extant literature discusses the influence of social conversation on retail shopping 
(X. Zhang, Li and Burke 2018). However, there is scarce research addressing AR optimal 
configuration for shared decision-making and its impact on consumer behavior (Hilken 
et al. 2019). Drawing on situated cognition theory (Semin and Smith 2013), researchers 
show that AR reduces cognitive load and enhances fluency and comfort, resulting in 
enhanced patronage and purchase intentions (Hilken et al. 2019, 2017; Fan et al. 2020). 
Hilken et al. (2019) find that the optimal configuration of social AR creates a sense of 
social empowerment for the recommender and enhances the recommendation com-
fort. Their findings show that the decision comfort retrieved from social empowerment 
decreases if the recommender is worried that he or she might make a negative 
impression on the decision maker. Furthermore, they find evidence that AR creates 
personal choice engagement for recommenders. They also find that, for decision 
makers, social empowerment enhances choice, and makes them more likely to follow 
the recommender’s opinion. This effect decreases if the recommender exhibits a strong 
persuasion goal.

Virtual self

AR enables consumers to access their sense of self because consumers can explore 
different personality possibilities and are motivated to decorate their virtual self (Huang 
and Liao 2017) and to develop their ideal self (Huang 2018). Self-referencing is a mental 
simulation of imagining oneself using a product (Huang 2019), in which consumers 
process information by relating it to their self-structure or aspects of it (Burnkrant and 
Unnava 1995). Concretely, when using AR makeover apps, consumers see their real body 
and virtual product information over it, which triggers self-focused thoughts and con-
nects consumers’ self with brands (Baek, Yoo, and Yoon 2018; Smink et al. 2019; Huang 
2019; Phua and Kim 2018). Self-referencing is one of the main mechanisms for shaping the 
relationship between consumers and brands (Huang 2019).

The self-focused perspective on humanizing brands is composed of two related 
dimensions: ‘consumers may perceive a brand as being “like me” (having brand-self 
congruity) or as being “close to me” as a person (having brand-self connections)’ 
(MacInnis and Folkes 2017, 363). With AR, self-brand congruity enhances brand attitudes 
and purchase intentions (Phua and Kim 2018). MacInnis and Folkes (2017) propose that, as 
self-brand congruity increases, the brand becomes part of the self (drawing on the 
extended self; Belk 1988); thus, self-brand connection refers to the extent to which 
individuals use brands to reinforce and express their self-identity. Baek, Yoo, and Yoon 
(2018) demonstrate that AR-based self-referencing enhances self-brand connection and 
purchase intentions. Furthermore, their research suggests that more narcissistic consu-
mers report stronger self-brand connections because narcissists who view themselves in 
AR are more likely to rely on self-referent cues.
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Negative effects

The main perils of AR to be addressed are privacy concerns and media irritation. 
According to Poushneh (2018), AR enhances consumer satisfaction (vs. product pictures 
on websites) because consumers positively judge the trade-off between the level of 
augmentation quality and the value they attribute to the control of their personal 
information (Poushneh 2018). The study follows equity theory to explain that, on the 
one hand, compared to non-AR product presentation with a picture of the consumer’s 
own face or a model, the AR virtual dressing room is more informative and fun. On the 
other hand, compared with different AR apps, a self-viewing app that augments the faces 
of consumers raises the highest privacy concerns. Thus, Poushneh (2018) confirms 
a burden of AR when it needs to film the user’s own body or direct environment. The 
positive effect of decision comfort is attenuated by customers’ privacy concerns (Hilken 
et al. 2017). In stores, consumers’ discomfort caused by a lack of privacy in AR negatively 
impacts brand attitudes (Van Esch et al. 2019). According to Poushneh (2018), AR and non- 
AR pictures of consumers’ own faces are perceived as more intrusive than model pictures. 
Although both own-face conditions (AR and picture) are deemed more intrusive, this does 
not lead to reactance; surprisingly, it leads to greater willingness to disclose personal 
information (Smink et al. 2019). Therefore, the positive effects of AR seem to outweigh the 
potential negative effects.

Compared to traditional ecommerce websites, AR is considered more novel and 
interactive but creates more media irritation (Yim and Park 2019). To be used in the 
long term, the technology speed and maturity level of AR need improvements (Rese et al. 
2017), and AR content needs to be more realistic and accurately represent sizes (Yim and 
Park 2019). AR is significantly better at creating immersion, for consumers with low media 
experience (Yim, Chu, and Sauer 2017), and perceptual-specific curiosity is dependent on 
the perception of a novel and complex system (Beck and Crié 2018).

Future research agenda

Below, we propose avenues for future research to clarify the effects of AR into four 
research streams, including a new focus on customer-to-customer communication in 
a social AR setting.

The first stream differentiates between utilitarian and hedonic experiences or motiva-
tions for adopting and using AR technology. This stream contributes to knowledge of AR 
in retail by showing that the pursuit of both utilitarian and hedonic experiences and value 
drives the acceptance and adoption of AR technology (Rese, Schreiber, and Baier 2014; 
Pantano, Rese, and Baier 2017). Furthermore, the findings within this research stream 
provide empirical evidence that the use of AR technology and the consequent utilitarian 
and hedonic experiences are related to positive outcomes, such as brand attitudes and 
purchase intentions (McLean and Wilson 2019; Plotkina and Saurel 2019). Within this 
research stream, the natural continuum is to examine the boundary conditions under 
which AR adoption and its positive consequences are more likely to occur. Some recent 
studies provide initial insights into this issue by examining consumer characteristics, such 
as cognitive innovativeness (Huang and Liao 2015) or body image (Yim and Park 2019). Of 
course, more research on the moderating effects of consumer characteristics, such as 
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personality and demographics, is needed. Additionally, other contextual moderators 
should be examined. Thus far, AR sensory marketing is mostly visual, although other 
senses (e.g., sound, touch, smell) may influence the acquisition of cognitive information 
about online and offline offerings and influence consumer behavior (Marketing Science 
Institute 2018). AR applications are typically brand-based content; thus, the search is 
limited within brands, which can reduce the number of products with similar attributes. 
Future research should determine whether AR applications should be delivered by 
retailers (e.g., Amazon, Marks and Spencer) or by manufacturers (e.g., L’Oréal, Unilever) 
and what product presentation would be an optimal choice set (e.g., comparable vs. non- 
comparable products, small vs. large choice set). Therefore, we propose that one key 
research question for future research on AR in retail is the following:

RQ1: What are the boundary conditions under which AR technology a) is adopted by 
consumers and b) leads to positive brand outcomes?

Another question that arises from the knowledge provided by the first research stream 
is how AR technology enables these positive outcomes. Research streams two (i.e., 
decision-making) and three (i.e., virtual self) in our review already pave the way to 
answering these questions. The research stream that examines decision-making appears 
to take a more transactional approach with a focus on purchase decisions, whereas the 
research stream that focuses on the ‘virtual self’ examines mechanisms by which the use 
of AR technology shapes consumers’ brand relationships. Both streams suggest that AR 
technology use enhances processes of imagination (i.e., imagery, Park and Yoo 2020; local 
presence, Verhagen et al. 2014; self-referencing, Huang 2019). Past studies confirm that 
enhanced imagination influences both decision-making at the transaction level (e.g., 
Hilken et al. 2017; Heller et al. 2019a) and the formation of brand relationships in the 
long term (e.g., Huang 2019). However, research on the decision-making stream also 
recognizes that AR may immerse users in a psychological state of flow (Huang and Liao 
2017), which may hinder the processing of brand-related information (Javornik 2016b). 
Clearly, more research is needed to understand the interplay of enhanced imagination 
and flow in shaping consumers’ decisions and brand relationships.

RQ2: How, when, and why does AR technology use lead to a) enhanced imagination and 
b) flow?
RQ3: How, when and why are imagination processes and the state of flow related to both a) 
transactional decision-making and b) consumer-brand relationships?

Because AR enhances self-referencing, the tendency to humanize brands may be stron-
ger. Previous research in AR has examined the self-focused perspective on humanizing 
brands. The same drivers of humanizing brands (sociality, effectance, and the elicitation of 
agent knowledge) in the self-focused perspective can enhance the relationship-focused 
perspective; furthermore, the self-focused perspective influences the relationship-focused 
perspective (MacInnis and Folkes 2017). AR influences the view that brands are like humans 
(anthropomophism; Van Esch et al. 2019) or are like oneself (self-brand connection; Baek, 
Yoo, and Yoon 2018) and that brands are in a relationship with oneself (brand love, Huang 
2019). Another relationship of interest is brand attachment. Following MacInnis and Folkes 
(2017), as consumers experience a strong self-brand connection, they are likely to become 
attached to a brand as a relationship partner. Studying the extent to which AR creates brand 
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attachment entails complementing current knowledge on self-brand connection with 
prominence (C. W. Park et al. 2010). Prominence refers to the salience in consumers’ memory 
of the cognitive and emotional bond between consumers and brands (MacInnis and Folkes 
2017). Strong brand attachment may motivate consumers to invest (time, money, reputa-
tion) in the brand. Brand attachment is linked to transactional outcomes, such as brand 
loyalty behaviors, and to relationship outcomes, such as brand advocacy (C. W. Park et al. 
2010).

RQ4: How, when, and why do the processes of humanizing brands lead to a) transactional 
outcomes and b) consumer-brand relationships?

An interesting emerging theme in both decision-making and virtual self-research 
streams is the social use of AR. Shoppers often wish to conduct their shopping with 
others and may use AR to share their perspective and enrich the decision-making 
process. For example, shopping with others occurs when decision makers ask for 
opinions on the best paint color from a recommender through AR layers (Hilken 
et al. 2019), and when groups interact with a product to make the best car design 
(Carrozzi et al. 2019). Research on shared decision-making shows that consumers can 
obtain recommendations and feedback from their peers by sharing their AR images. 
Decision makers feel more empowered when they receive image-enhanced recom-
mendations (Hilken et al. 2019). Furthermore, researchers find that shared decision- 
making in AR creates social empowerment and results in positive transactional out-
comes, namely, choice for the decision maker and enhanced desire for the product for 
recommenders.

We believe that the social use of AR is also relevant as a channel for expressing the self. 
Belk’s (2013) extended self in a digital world comprises sharing and co-construction of the 
self. Sharing AR holograms may contribute to consumers’ personality exploration, 
whether in a private mode (only with friends and family) to enhance decision-making, 
or in a public mode (accessible to anonymous viewers) to enhance the self and other- 
oriented perceived value (ethics and connectedness, Salo et al. 2013). When an AR 
hologram is shared, consumers using AR simultaneously maintain social differentiation 
and assimilate with peers (Carrozzi et al. 2019). The results demonstrate that the con-
nectivity of AR customization enables users to compromise on some design aspects 
(color, location) while also expressing their personal preferences. In addition, whether 
consumers use personal or shared devices influences whether consumers look for differ-
entiation or assimilation. At the same time, consumers with AR can receive advice from 
‘purchase pals’ online or offline. ‘The girls in the dressing room act as extended self 
“purchase pals” in the traditional sense of the term’ (Belk 2013, 487). ‘Purchase pals’ serve 
a similar role of reassurance when using AR. Social AR entails opportunities for future 
research on the co-construction of the self with other entities such as brands and 
possessions. Disinhibition online makes it easier for friends and anonymous viewers to 
provide feedback for the co-construction of the self. Building an aggregate extended self 
may take a new form as holograms can be a collaborative project among friends, families 
or anonymous viewers. Thus, the boundaries between the self and other entities are less 
clear; for example, consumers report a dissolution of self-brand boundaries (Scholz and 
Duffy 2018). Further research should examine consumer-consumer interaction and how 
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the aggregate self, of two ‘purchase pals’ or a larger social group, may incorporate the 
brand into consumers’ self-representations.

RQ5: How, when and why do consumers share their AR images, and how does this change 
consumer behavior?

Most studies in the first three research streams focus on examining the positive effects 
of AR technology. The fourth research stream, the negative effects, raises issues such as 
privacy concerns in AR usage. It is crucial to investigate how the social acceptance of AR 
will constrain the use of AR holograms if consumers think their information is continu-
ously being collected. Privacy concerns with AR are particularly obvious because the 
camera needs to be pointed at the content it augments, such as consumers’ bodies or 
homes, and may retrieve more contextual information (notably, face recognition) than 
desired and used for information filtering. In the context of diminished trust among 
e-commerce consumers (Reibstein, Day, and Wind 2009), it is crucial to study how AR 
can improve online trust-building and diminish privacy concerns. Research is especially 
needed to clarify findings concerning the novelty effect of AR, because some studies have 
found an impact (Scholz and Duffy 2018) while others have rejected its confounding 
effect (Heller et al. 2019a; Carrozzi et al. 2019).

It seems that most studies that examine negative effects related to AR actually examine 
factors that might hinder the usage of AR. The use of AR technology, especially its social 
use, may raise new problematic issues. For example, Vonkeman, Verhagen, and Van Dolen 
(2017) find that AR technology enhances impulse buying, which might lead to negative 
emotions such as guilt and shame (Yi and Baumgartner 2011). Sharing holograms in the 
virtual world may create a sense of shared digital possessions or a shared sense of space 
and may be similar to online brand communities (Carrozzi et al. 2019). Jussila et al. (2015) 
note that such a sense of possession (i.e., psychological ownership) may lead to property 
rights violations. Potentially, social AR might give rise to bullying behaviors, which are 
harmful for both consumers and brands (Breitsohl, Roschk, and Feyertag 2018). We 
encourage more research on potentially problematic outcomes of AR technology usage.

RQ6: When, how, and why does AR technology use lead to negative consequences?

Conclusions

The focus of this study was to answer the following questions. 1) What is the current state 
of research in the field of AR in retail? 2) What are the key consumer behavior phenomena 
related to AR in retailing? 3) What are the consequences of AR usage on consumer 
attitudes and behavior? 4) Which research gaps remain to be addressed? To do so, we 
conducted a systematic literature review and organized the results in a conceptual frame-
work. Four themes emerge from our analysis that show the potential of AR to create 
hedonic and utilitarian value, improve decision-making, and to enhance personalization 
of the virtual self.

Then, this study warns about negative effects of AR usage. Research is needed in each 
theme, notably, the increasingly social aspect of AR should be researched further.

Our systematic review, like any review, has several limitations (Boell and Cecez- 
Kecmanovic 2015). First, the literature examined was chosen purely through the inclusion 
and exclusion criteria. The implication of this choice is that we might have missed some of 
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the uses of AR because of this selection. Second, the literature streams are fragmented 
and interdisciplinary, and we focus on consumer research. The last difficulty is the lack of 
clarity in naming the technology used; a virtual try-on can be fully virtual, based on virtual 
reality, or based on AR.

Note

1. The media characteristics in Javornik’s (2016a) study are interactivity, hypertextuality, mod-
ality, connectivity, location-specificity, mobility, and virtuality.
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Appendix B

Table B1. Main theoretical definitions

Theoretical foundation Description in context Reference

Active inference theory This theory suggests that to express a judgment or 
make a choice for a product or service, 
consumers rely on sensory control and 
feedback inferred from their behavior when 
interacting with an object.

(Heller et al. 2019b)

Construal level theory This theory suggests that psychological proximity 
induces low-level construal of the object. When 
low-level construals are triggered, it makes the 
‘here and now’ more salient, which leads to 
decreased self-control and an increase in 
impulsive behavior.

(Vonkeman, Verhagen, and Van 
Dolen 2017)

Equity theory This theory suggests that, when AR users make 
a decision, they balance the benefits against 
the costs to ensure that they receive more than 
what they sacrifice.

(Poushneh 2018)

Flow theory Flow is defined as an optimal tradeoff between 
challenges faced in an environment and 
a person’s skills, so the person feels immersed 
in a challenging activity.

(Javornik 2016b)

Information integration 
theory

The theory suggests that existing associations can 
be altered once new related information is 
processed and integrated into existing 
knowledge. In the context of brands, brand 
attitudes are influenced when consumers 
receive, process, and integrate new information 
(e.g., from an app) related to their existing 
brand associations.

(Rauschnabel, Felix, and Hinsch 
2019)

Mental imagery theory Most researchers agree on visual imagery as an 
important factor of mental imagery. Customers 
imagine a visual representation of the use of 
offerings to predict outcome of use and notably 
reduce uncertainty about the relation of 
product attributes to satisfaction. Mental 
imagery through AR simulates direct 
experience in an online environment.

(Heller et al. 2019a)

Reactance theory This theory suggests that consumers who perceive 
their control or freedom to be threatened try to 
resist persuasion and respond negatively. This 
negative effect can spill over to brand attitude 
and purchase intention.

(Smink et al. 2019)

Self-attention theory This theory suggests that when AR users 
encounter information, self-focused attention 
facilitates the accuracy of elaboration of self- 
referent information.

(Baek, Yoo, and Yoon 2018)

Socially situated cognition 
theory

This theory suggests that people rely on each 
other’s support to complete a task. A situated 
cognition perspective implies that information 
processing occurs within (i.e., is embedded in) 
and actively exploits (i.e., embodies) a person’s 
environment rather than occurring as an 
abstract activity in the mind.

(Hilken et al. 2019)

Stimulus-organism-response 
model

This model suggests that, when individuals 
encounter a stimulus, it triggers an internal 
state called an organism, which in turn delivers 
responses.

(Watson, Alexander, and Salavati 
2018)

(Continued)
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Theoretical foundation Description in context Reference

Technology acceptance 
model

In the basic TAM model, two specific beliefs with 
regard to technological innovation – perceived 
ease of use (PEOU) and perceived usefulness 
(PU) – are linked to attitudes and behavioral 
intentions toward using the innovation. The 
intention to use an innovation or an available 
system is used as a proxy for user acceptance.

(Pantano, Rese, and Baier 2017; 
Rese, Schreiber, and Baier 2014; 
Rese et al. 2017)

Theory of interactive media 
effect

This theory suggests that the medium of 
communication can trigger affordances. 
Affordances are action possibilities that can 
trigger action on the part of the user and/or 
serve as symbolic representational cues on the 
interface and can affect users’ psychology.

(Javornik 2016b)

Virtual liminoid theory This theory suggests that when AR users go from 
a physical self to a virtual self (also called 
liminality), they trigger a decorating 
psychological state that motivates decoration 
of the stature of their virtual self.

(Huang and Liao 2017)
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Chapter 44 
Augmented Reality: Toward a Research 
Agenda for Studying the Impact of Its 
Presence Dimensions on Consumer 
Behavior 

Virginie Lavoye 

Abstract Augmented reality (AR) virtual try-ons (VTO) have emerged as an impor-
tant decision-making tool because of the highly realistic experience. For instance, AR 
enables users to virtually try-on sunglasses by placing the virtual product on their 
face. Research increasingly emphasizes the importance of spatial presence in the 
realistic AR experience. However, prior research on AR presence remains scant and 
overlooks social and self-presence. To fill this gap, we review literature on presence 
in the context of prior immersive technologies and propose a future research agenda 
on the impact of AR presence dimensions on product-relevant outcomes. This article 
starts by presenting AR spatial presence definition and proposing definitions for AR 
social and self-presence by drawing parallels between AR apps features and the pres-
ence dimensions of prior immersive shopping technologies. Thereafter, our review 
uncovers how each presence dimension leads to positive consumer outcomes. Then, 
we propose a research agenda for future studies of AR presence in marketing that 
outlines the need for a multidimensional perspective of presence to help uncover their 
unique impact on consumer responses. In addition, future research should investigate 
which contextual factors (marketing channels, for instance, in store and online as well 
as the types of products displayed in AR for instance makeup and sunglasses) might 
explain differences in the outcomes of presence. Our study has several limitations 
as it only considers the type of presence dimensions relevant to current AR-VTO 
experiences. 

44.1 Introduction and Research Aim 

The key advantage of augmented reality (AR) service is the highly contextual and 
realistic information [11, 13]. For instance, Sephora AR mirror is an augmented 
service that enables consumers to try-on the company’s entire online assortment 
without needing to go to the physical stores [6]. Moreover, Sephora’s color match

V. Lavoye (B) 
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e-mail: virginie.lavoye@lut.fi 
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J. L. Reis et al. (eds.), Marketing and Smart Technologies, Smart Innovation, Systems 
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helps customers find the right color shade for their skin tone [6]. Overall, such service 
augmentation strategy focuses on services that are typically available in stores [13]. 
The digitalization of physical aspects of services poses novel challenges to firms 
and marketers, for instance, whether the experience is realistic, and the products 
are tangible enough to attract consumer engagement [10]. AR-based virtual try-ons 
(VTOs) provide a tangible service experience by replacing tangible service elements 
with superimposed digital content on the real environment [10]. Tangible virtual 
experiences rely on presence, the psychological state in which consumers perceive 
a virtual object to be real [18]. 

For consumers, the potential benefits of VTO include being able to try the products 
wherever and whenever they want, and without size restrictions [6]. While for firms, 
AR service augmentation can free employee input and replace the need for employees 
to bring boxes and advice consumers on best fitting products for instance. Overall, 
AR service augmentation has the potential to save time and money for consumers and 
service providers [10]. However, determining whether to use AR is a difficult decision 
for any business, and 52% of retailers are not ready to use AR as part of their service 
experience [4]. Notably, one key issue is that AR remains expensive to develop and 
the possible marketing-relevant outcomes remain unclear. Thus, providing clearer 
description of the mechanisms that enable AR to enhance consumer outcomes is 
highly important and timely. 

The optimal AR experience should deliver a realistic experience of the product, 
the virtual self, and the social context [5]. Despite preliminary studies on spatial 
presence in AR [13, 22, 26], little is known about the holistic presence dimensions 
(spatial, social, and self-presence) in AR and their specific impact on consumer 
outcomes. Therefore, we aim to focus on presence dimensions because research 
in prior immersive shopping technology asserts their role in enhancing marketing-
relevant outcomes. In addition, focusing on presence would enable to propose 
guidelines to marketers and developers to improve consumer experience. 

This article starts by presenting AR spatial presence definition and proposing 
definitions for AR social and self-presence by drawing parallels between AR apps and 
the presence dimensions of prior immersive shopping technologies. By studying the 
impact of these presence dimensions on product-relevant outcomes, we uncover the 
psychological mechanisms that enable the persuasive impact of presence dimensions. 

We address two research questions in line with this aim: 

RQ1: What is the definition of our three AR presence dimensions? 

RQ2: How does each presence dimension influence consumers’ responses? 
Then, we are able to propose a research agenda for future studies of AR in 

marketing that outlines the need for a (1) multidimensional perspective of presence to 
unravel their unique impact on consumer outcomes, as well as boundary conditions 
such as (2) the type of consumer experience they deliver in different marketing chan-
nels including in retail and online and that (3) different product types may require 
different combination of presence.
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44.2 Background 

Presence refers to the psychological state in which consumers perceive a virtual 
object to be real [18]. Presence dimensions can be facilitated by a range of immer-
sive technologies including AR, virtual reality (VR), e-commerce website, or virtual 
worlds [18, 23]. Presence dimensions vary in intensity and types between technolo-
gies, however, we emphasize similarities between prior presence dimensions and AR 
presence dimensions and propose to study whether and to what extent the outcomes 
of AR presence will be similar to prior presence outcomes. In addition, there are 
studies on AR spatial presence that we also include into the analysis. This study 
starts by defining AR spatial presence and proposes definition for AR self-presence 
and social presence by drawing parallels between presence experience in AR-VTO 
apps with the presence experience in prior immersive shopping technologies. 

Based on spatial presence in virtual reality context, Hilken et al. [13] developed 
AR spatial presence. AR superimposes virtual object on the real world in real time 
[2] thus, studying spatial presence in AR entails that the object “is here” rather than 
the user being transported as in virtual reality research [13]. Specifically, when using 
IKEA or makeup AR apps, AR spatial presence involves that the location of the 
product appears to be in one’s living room or on their body [13]. In addition, spatial 
presence also entails that the product can be moved around in the real world [13]. To 
sum up, spatial presence is defined as the sense that the object is embedded in the 
real environment and embodied on consumers [13]. 

Self-presence in video game occurs when players get a sense of physical resem-
blance and identification with their virtual self [25]. When users feel they are phys-
ically similar, they often relate with the virtual self personally [24] and experience 
self-presence [3]. AR superimposes virtual object on one’s virtual body or self. 
For instance, L’Oréal Makeup Genius displays a virtual lipstick on a live feed of a 
consumer’s face. Thus, AR users may experience self-presence because the virtual 
self can be considered highly physically similar (not perfectly similar because a 
virtual lipstick is superimposed) and enables users to identify with the virtual self. 
Therefore, we propose that AR self-presence refers to the sense that one’s virtual 
representation is oneself in the real world [21] and is conceptualized as physical 
similarity and identification with the virtual self [21]. 

Based on social presence on e-commerce website, social presence occurs when 
consumers get a sense of human contact when they interact with technology at the 
company’s frontline [8]. AR apps convey highly contextual information that help 
match the characteristic of a try-on technology with the actual try-on experience 
and address needs for consumers as if it was a salesperson in a store [13]. Thus, we 
propose that AR social presence refers to the sense that the AR app is a social actor 
[8] and is conceptualized as a sense of human contact in the online environment [8]. 

Overall, we define AR presence experience as follows: AR gives a sense that the 
offering is located in the physical environment and can be interacted with (i.e., spatial 
presence), involves a sense of self in the experience (i.e., self-presence), and the AR
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app gives a sense of human warmth similar to a salesperson in a store (i.e., social 
presence). 

44.3 Methodology 

We follow the recommended steps for literature review from Xiao and Watson 
[27]. Based on our definitions and conceptualizations of AR presence dimensions 
presented above, we keep only the studies on immersive shopping technologies that 
discuss the impact of similar presence features (e.g., object presence is similar to AR 
spatial presence, while game character identification is similar to AR self-presence) 
on product-relevant affect, cognition, and behavioral intentions. This approach to 
literature review based on technologies’ effects on users has been used in previous 
reviews [16]. We repeat the selection process three times, once for each presence 
dimensions. 

First, we searched in title and abstract for terms such spatial presence, physical 
presence and augmented reality or online shopping on Web of Science. We identified 
14 relevant studies that we checked for eligibility and included in the review. Second, 
we searched in title and abstract for self-presence combined with game character on 
Web of Science. We identified 7 relevant studies that we checked for eligibility and 
included in the review. Third, social presence was combined with purchase, retail, 
shopping, or consumer on Web of Science. We find 14 relevant studies that we 
checked for eligibility and included in the review. 

44.4 Results 

This section is a short presentation of the effects of presence dimensions on 
consumers’ responses. First, spatial presence delivers highly contextual information 
about the product, and thus, it enhances decision comfort [13]. Second, self-presence 
increases the sense that the situation is self-involving, and it enhances self-efficacy 
and loyalty [15]. In addition, self-presence increases product diagnosticity when the 
product directly involves one’s body or identity [24]. Third, social presence increases 
consumers’ sense of closeness with the seller, the AR app gives virtual proximity 
to the social actor as a seller in a store [24]. Social presence enhances trust [8] and 
results in positive product attitude [9]. To sum up, we show that immersive shopping 
technologies can decrease the physical, personal, and social intangibility inherent to 
buyer–seller relationships.
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44.5 Future Research Directions 

From prior literature, we find that each presence dimensions has a unique role in 
influencing positive consumer outcomes. In addition, literature on AR suggests that 
AR delivers an optimal realistic product experience [10, 13], thus we ask: 

FRQ1: Whether and to what extent can the unique role of each AR presence 
dimensions enhance consumer outcomes? 

Moreover, when people experience high self-presence online, they are more 
comfortable to disclose personal information, as long as they are not identifiable 
[14]. Thus, self-presence in store might have a negative effect with people feeling 
too self-cautious to look at themselves, in a virtual mirror, around strangers. We 
propose that different uses of AR will explain contextual differences in presence 
outcomes impact consumers thus, we ask: 

FRQ2: What are the optimal AR presence dimensions for different shopping 
experiences such as in retail and online? 

Spatial presence was found to have a positive effect on purchase intentions in 
sunglasses AR apps [26] but not in the makeup app [22]. When consumers play an 
exergame, self-presence influences behavioral intentions, while spatial and social 
presence do not [3]. Such contradictory findings reveal the need for additional 
research thus, we ask: 

FRQ3: Whether and to what extent would the impact of AR presence dimension on 
consumer outcomes be influenced by product types? 

44.6 Implications for Theory and Practice 

First, our multidimensional approach of presence confirms the importance of pres-
ence dimensions and their potential to benefit both consumers and firms [13]. We 
suggest that holistic view of presence dimensions enables to distinguish their effects 
on consumer outcomes. For instance, spatial and social presence increase attitude 
certainty for sunglasses AR-VTO, while self-presence does not [17]. Therefore, the 
authors suggest that a firm that aims to enhance decision-making should focus on 
spatial and social presence in the fashion accessories context. Enhancing spatial pres-
ence can include making the virtual product more realistic and improve the interaction 
with the product [13]. While social presence can be enhanced by implementing an 
AR recommendation system enabled by artificial intelligence technology (e.g., Ray-
Ban matches glasses shape to user’s face shape) or as an add-on outside of the app 
(e.g., Nordstrom proposes to book a virtual call with a stylist). 

Second, our study proposes that boundary conditions (e.g., different touchpoints 
such as offline and online or differences in the type of products that AR displays) 
should be researched to provide guidelines to firms and marketers on the contextual 
elements that explains that each AR presence dimension does not always lead to
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increased marketing-relevant outcomes. For instance, high self-presence in public 
might not be beneficial. People dislike seeing personalized advertisement in public 
[12]. In addition, people prefer to explore styles by watching influencers they can 
identify with rather than with AR technology [7]. Therefore, identification is appre-
ciated as long as people are not identifiable thus, physical similarity creates privacy 
issues in this context. This exemplifies that the highest presence dimension is not 
always beneficial and depends on the context. 

Third, we find that presence dimensions (spatial, self, and social) are highly inter-
related [20] thus, studying one presence dimension at the time would still capture 
other dimensions. For instance, a highly realistic embodied experience with a product 
enhances spatial presence in AR [13], however, a highly embodied experience is often 
part of the conceptualization of self-presence [1]. Studying three dimensions help 
attribute the outcomes of presence to its specific enabler and provide more consistent 
ground for recommendations to marketers. We also encourage authors to be more 
consistent in the conceptualization of presence dimensions. 

44.7 Conclusion 

This study is a short version of our review on presence dimensions and a call to 
research presence in AR in a holistic manner that considers the impacts of spatial pres-
ence, self-presence, and social presence. Moreover, we show that presence dimen-
sions trigger different mechanisms that lead to positive consumer behavior. There-
fore, understanding the effect of each presence dimension can inform marketers and 
app developers on the elements of the experience to implement in priority to reach the 
firm’s strategic goals. Finally, contextual differences, such as whether the technology 
is used in store or online and what type of products is displayed in the AR-VTO, may 
explain differences in the outcomes of presence and should be investigated further. 

This study has several limitations that are avenue for future research. First, pres-
ence is a psychological state thus, it depends more on users’ perception rather than on 
specific technological features. For instance, immersion is a strong predictor of social 
presence, however, increasing immersion does not always lead to higher social pres-
ence [20]. Therefore, technological features do not linearly translate into presence 
and in turn, our recommendations are not based on specific technological features. 
Second, based on our definition of AR social presence, we study strictly the computer 
as social actor (CASA) definition in which consumers perceive a sense of human 
touch in the virtual experience [8]. We do not discuss social presence defined as the 
presence of another embodied or disembodied real (vs. imagined) social actor and co-
presence as the sense of “being together” in the virtual environment [19]. However, 
we can foresee that development in AR and VR technology, as well as the multi-
verse will make this dimension of presence highly relevant and timely. Thus, future 
research should improve our multidimensional perspective with new dimensions.
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Toward an improved understanding of AR-based presence dimensions 

and their impact on attitude certainty 

Abstract: 

Augmented reality (AR) applications for product visualization are increasingly popular. 

Prior research has shown that AR apps for virtual try-on help consumers evaluate the 

products by enabling the felt presence of the product. However, prior research has mainly 

focused on a one-dimensional conceptualization of presence. Research on immersive 

technologies recognizes that presence consists of three dimensions: spatial presence, self-

presence, and social presence. The herein study extends the prior research on virtual try-

on by assessing the impact of these three dimensions of felt presence on consumers’ 

attitude certainty. Attitudes held with high certainty (vs. low certainty) persist longer and 

have a greater impact on behavior. The results of this empirical pretest of a survey (N = 

70) show that social presence and spatial presence influence attitude certainty, while self-

presence is not significantly linked to attitude certainty. 

Presence; certainty; decision making. 

Track: Retailing & Omni-Channel Management 



 

1. Introduction 

The multimedia messaging app, Snapchat collaborates with such brands as Garnier, 

Lancôme, L'Oréal Paris, and Maybelline to make branded augmented reality (AR) 

features widely available (Cohen, 2020). With the growing ubiquity of AR usage, further 

research is needed to explain how consumer decision making can benefit from virtual try-

on technology. Researchers agree that AR enables a more direct product experience 

through an enhanced feeling of presence (Hilken, de Ruyter, Chylinski, Mahr, and 

Keeling, 2017; Huang & Liao, 2017; Verhagen, Vonkeman, Feldberg, and Verhagen, 

2014). Presence is defined as “a psychological state in which the virtuality of experience 

is unnoticed” (Lee, 2004, p. 32). As the degree of presence augments, consumers will 

perceive a product experience as being more unmediated.  

Presence in AR is different from that in other virtual environments, because the user 

is not transported to another place; rather, virtual elements are transported to the real-

world context, interactively and in real time (Azuma et al., 2001). While the literature on 

presence defines it as multidimensional spatial, social, and self-presence, the research on 

AR is dominated by a focus on a one-dimensional conceptualization of spatial presence. 

Little is known about the effects of spatial presence compared to self-presence and social 

presence (Behm-Morawitz, 2013). Therefore, this study adopts a multi-dimensional 

approach to presence and examines its impact on attitude certainty. 

 

2. Attitude certainty 

Attitude certainty is the subjective sense of conviction about an attitude (Tormala & 

Rucker, 2018). When interacting with products during a virtual try-on, consumers form a 

judgement and evaluation of a product, and certainty is a secondary assessment of the 

evaluation of the product (Rucker, Tormala, Petty, and Briñol, 2014). Klein (2003) found 

a significant impact of telepresence on attitude strength, of which attitude certainty is 

among the most impactful dimensions because attitudes held with high certainty (vs. low 

certainty) persist longer and have a greater impact on behavior (Tormala & Rucker, 2018). 

 



 

3. Presence 

In this paper, we show that presence is a multi-faceted phenomenon conceptualized 

in three dimensions: spatial, social, and self-presence. Spatial presence refers to the 

interactive virtual object and the interactive product in a real environment, while self-

presence refers to the feeling that the avatar, as an extension of the self, is present in the 

real world. Finally, social presence refers to the feeling that the branded AR technology 

as a social actor is present in the real world. For example, in the case of the virtual try-on 

of Ray-Ban sunglasses, consumers experience the spatial presence of the virtual object 

(sunglasses), the self-presence of the photorealistic avatar (video feed of the real body), 

and the social presence of the brand and technology (AR feature on the Ray-Ban website). 

In the next sections, we provide detailed definitions of the dimensions of presence and 

hypothesize their relationship with the attitude certainty. 

 

3.1 Spatial presence 

Spatial presence is defined as “a binary experience, during which perceived self-

location and, in most cases, perceived action possibilities are connected to a mediated 

spatial environment, and mental capacities are bound by the mediated environment 

instead of reality” (Wirth et al., 2007, p. 497). Hilken and colleagues’ (2017) definition 

of spatial presence follows a situated view of presence and includes both ‘object-location’ 

and ‘possible action.’ In this respect, AR spatial presence is consistent with 

conceptualizations of object presence or ‘it is here’ presence (Hilken et al., 2017, p. 890). 

AR enhances product attitude by increasing cognitive fluency and lowering the 

cognitive load (Fan, Chai, Deng and Dong, 2020). Meanwhile, spatial presence improves 

purchase intentions through product likeability and product tangibility (Verhagen et al., 

2014). Thus, we assert that the AR-induced reduction of the cognitive load and increased 

tangibility also strengthen consumers’ certainty in their attitude formation, as follows:  

H1. Spatial presence leads to attitude certainty. 

 

 



 

3.2 Self-presence  

Self-presence is defined as “a psychological state in which virtual self/selves are 

experienced as the actual self” (Lee, 2004, p. 46). In addition, Biocca (1997) defines self-

presence as the effects of the virtual environment on users’ body schema (perception of 

their body) and other mental models of the self.  

Self-presence is typically studied in the context of video games, as players report 

feeling as if they are actually taking part in the virtual world through the avatar (Behm-

Morawitz, 2013), and their online persona influences their self-representation online and 

offline (Fox, Bailenson, and Tricase, 2013). In the marketing context, the study of self-

representation shows that one’s own face representation in a picture enhances self-

presence (Seo, Kim, Jung, and Lee, 2017). Control of the re-embodied self constitutes the 

most compelling form of the virtual representation of the body and the self-identity (Belk, 

2014). Hence, we assert that similarly to an avatar in a video game, AR displays an 

extended version of users’ actual selves and enhance self-presence. 

Biocca (1997) shows that the virtual self influences the offline self when users 

experience self-presence and when the avatar’s product experiences are used to evaluate 

the offline self. Behm-Morawitz (2013) argues that the greater the level of self-presence, 

the more likely one is to use the avatar as a source for making judgments about the self 

and as a factor when making decisions. Self-endorsed AR enhances self-brand congruity 

and positively influences brand attitudes (Baek, Yoo, and Yoon, 2018; Phua & Kim, 

2018), self-brand connection and purchase intentions (Baek et al., 2018). We assert that 

AR-induced self-presence makes it easier for consumers to evaluate an object during a 

virtual try-on, and this consequently leads to greater certainty in attitude formation, as 

follows: 

H2. Self-presence leads to attitude certainty. 

 

3.3 Social presence 

Social presence is defined as “a psychological state in which virtual (para-authentic 

or artificial) social actors are experienced as actual social actors in either sensory or 



 

nonsensory ways” (Lee, 2004, p. 45). A successful simulation of other intelligences 

occurs when technology users do not notice either the artificiality or the para-authenticity 

of experienced social actors (both humans and nonhuman intelligences) (Lee, 2004).  

Lee (2004) suggests that during an encounter with an anthropomorphic robot, people 

may feel strongly that they are interacting with an actual human. In addition, consumers 

tend to humanize brands (MacInnis & Folkes, 2017). Van Esch et al. (2019) show that 

the anthropomorphism of AR can influence consumers, and it can lead to positive 

attitudes toward the brand. In a retail context, van Esch et al. (2019) show that an AR app 

(CluckAR app) was perceived as anthropomorphic, and they discuss that 

anthropomorphism in AR comes from the brand and the technology, suggesting that an 

app is perceived as anthropomorphic when it provides relevant information to consumers 

and replaces the need to conduct their own internet-based research. Hence, we 

hypothesize that a try-on that fits the product on consumers’ bodies so they do not need 

to imagine how it would fit will enhance social presence. 

Social presence enhances the perceived usefulness, trust, and enjoyment of the 

shopping experience and leads to positive attitudes (Hassanein & Head, 2007), and in 

AR, perceived personalization enhances purchase intentions (Smink, van Reijmersdal, 

van Noort, and Neijens, 2020). When an AR app is tailored to a specific consumer, and 

when it enables the user to customize their experience, persuasion is enhanced (Smink et 

al., 2020). Given that felt social presence enhances felt trust during the shopping 

experience, we assert that the AR-induced feeling of social presence leads to improved 

certainty in attitude formation, as follows:  

H3. Social presence leads to attitude certainty. 

  



 

4. Methodology 

4.1 Research model and procedure 

 

 

 

 

Figure 1. Research framework 

 

In total, 70 respondents accomplished the task of trying on a few pairs of sunglasses 

in an AR virtual try-on before taking the survey. All participants are potential consumers 

who are university students from two business school courses. Respondents include 42 

females, 26 males, and 2 individuals who preferred not to say. Of these, 64 respondents 

are between 18 and 24 years old, 5 are between 25 and 34 years, and 2 are between 35 

and 44 years. We used survey items validated in published studies, and we asked doctoral 

students to read the questionnaire to verify that it was easy to understand to increase 

validity. Items were ranked on a seven-point Likert scale from ‘Strongly disagree’ to 

‘Strongly agree’. 

 

4.2 Results  

To test the measurement model, we used structural equation modelling (SEM)-

confirmatory factor analysis (CFA) with maximum likelihood on all four latent factors 

pairwise. SEM-CFA was used for this study because CFA is a confirmatory technique 

that is theory driven (Schreiber, Stage, King, Nora, and Barlow, 2006), and it was tested 

using the LISREL statistical software. The results of the CFA are presented in Table 1. 

Model fit indicates acceptable indices (χ2 =73.859, d.f. = 71; and χ2/d.f. = 1.040) (Hair, 

Anderson, Tatham and Black,1998). The composite reliability (CR) loaded above the 

threshold value for all items, and the average variance extracted (AVE) values for each 

construct exceeded the threshold value, as recommended by Fornell and Larcker (1981). 

We tested for discriminant validity with nested models pairwise, first with fixed 

Spatial presence 

Self-presence 

Social presence 

 

Attitude certainty 



 

parameters correlation and then with free parameters, and we confirmed that the factors 

discriminate. In addition, the discriminant validity was confirmed by comparing squared 

correlations with AVEs for corresponding constructs. 

Construct Indicator Lambda SMC B SE t-

value 

p CR AVE 

Self-

presence 

SEP3 0.791 0.626     0.914 0.727 

Self-

presence 

SEP4 0.843 0.711 0.996 0.125 7.990 *** 

Self-

presence 

SEP5 0.957 0.915 1.257 0.136 9.219 *** 

Self-

presence 

SEP6 0.810 0.656 0.988 0.131 7.565 *** 

Social 

presence 

SOP1 0.826 0.682     0.891 0.672 

Social 

presence 

SOP2 0.743 0.552 0.802 0.117 6.832 *** 

Social 

presence 

SOP3 0.881 0.776 0.980 0.115 8.557 *** 

Social 

presence 

SOP5 0.824 0.680 1.063 0.135 7.868 *** 

Spatial 

presence 

SPP3 0.658 0.434     0.779 0.544 

Spatial 

presence 

SPP4 0.868 0.753 1.277 0.249 5.124 *** 

Spatial 

presence 

SPP6 0.663 0.440 1.063 0.231 4.591 *** 

Attitude 

certainty 

AC1 0.717 0.514     0.831 0.625 

Attitude 

certainty 

AC2 0.913 0.834 1.475 0.228 6.475 *** 

Attitude 

certainty 

AC3 0.726 0.526 1.234 0.218 5.652 *** 

(Note: Lambda: Standardized path coefficients, B: Unstandardized path coefficients, SE: 

Standard error, SMC: Squared multiple correlations, Critical t-value (one-tailed) = 1.645, 

***: p<0.001).  

Table 1. Results of the CFA within the four latent factors 



 

To test the proposed hypotheses (see Table 2), we used item parceling for the 

exogenous latent variables and used the items for the endogenous latent variable. The 

hypothesized structural model indicated acceptable fit measures (d.f. = 6, χ2 = 3.60 and 

χ2/d.f. = 0.6). Although the sample size is small, we have close to five cases for each 

parameter estimate. We found that H1 and H3 are supported; hence, spatial presence and 

social presence positively influence attitude certainty, while self-presence does not 

predict certainty (H2). The model explains 50% of the variance in attitude certainty. 

Hypothesized relationships Lambda B SE t-value p Result 

H1: Spatial presence → 

Attitude certainty 

0.312 0.206 0.089 2.328 ** Supported 

H2: Self-presence → Attitude 

certainty 

0.111 0.070 0.069 1.002 N.S. Rejected 

H3: Social presence → 

Attitude certainty 

0.454 0.283 0.086 3.301 ** Supported 

(Note: Lambda: Standardized path coefficients, B: Unstandardized path coefficients, SE: 

Standard error, SMC: Squared multiple correlations, Critical t-value (one-tailed) = 1.645, 

** <0.05, N.S.: Non-significant). 

Table 2. Structural model 

 

5. Implications and conclusion  

This pre-study aims to answer the call to study empirically how new virtual 

technologies affect the sense of presence and facilitate consumers’ decision making 

(Wedel et al., 2020). Confidence with which an attitude is held is influenced by presence 

dimensions. Coherent with Fazio & Zanna (1978) the more direct experience enhances 

the level of confidence with which consumers hold their attitude. Our findings imply that 

marketers should focus on increasing spatial and social cues in the virtual try-on 

environment to facilitate consumers’ decision making. Spatial presence and social 

presence improve consumers’ certainty by reducing the distance that the online 

environment creates between consumers and the product. We suggest that these 

dimensions are key, because consumers’ attitude certainty requires them to think about 

their attitude toward the product, and social cues are an indication that the branded AR 

can be trusted. Trust is conceptualized as “existing when one party has confidence in an 

exchange partner’s reliability and integrity” (Morgan & Hunt, 1994, p. 23). In turn, the 



 

legitimacy of AR information influence attitude certainty (Tormala & Rucker, 2018). 

Behm-Morawitz (2013) discusses that the greater the level of self-presence, the more 

likely one is to use the avatar as a source for making judgments about the self and as a 

factor when making decisions. In contrast, we propose that the impact of self-presence 

does not extend to the metacognitive assessment of consumer attitudes. 

To conclude, this study is relevant in three manners. First, this pre-test provides 

valuable insight for survey measurement. Indeed, it was necessary to re-specify the 

measurement model to achieve a good model fit with the data. Moreover, we plan to 

collect a larger data set and develop this model further to determine what technological 

elements have a direct effect on presence and an indirect effect on relevant consumer 

outcomes. Second, this study contributes to the presence research by showing that AR 

virtual try-on environments can deliver three types of presence, and these presence 

dimensions contribute differently to consumer attitude certainty. Third, we provide 

grounds for additional consumer behavior research to investigate how presence 

dimensions can influence relevant marketing outcomes, such as attitudes toward products 

and purchase intentions. 
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Abstract
Purpose – Virtual try-on (VTO) technology offers an opportunity for fashion and beauty brands to provide enriched self-explorative experiences. The
increased popularity of VTOs makes it urgent to understand the drivers and consequences of the exploration of styles in VTO contexts (herein called
self-explorative engagement). Notably, little is known about the antecedent and outcomes of the personalized self-explorative experience central to
VTOs. This paper aims to fill this knowledge gap.
Design/methodology/approach – An online quasi-experiment (N = 500) was conducted in the context of fashion and beauty VTOs. Participants
were asked to virtually try on sunglasses or lipsticks and subsequently answer a questionnaire measuring the key constructs: self-presence (i.e.
physical similarity and identification), self-explorative engagement (i.e. exploration of styles in VTO context), brand cognitive processing and brand
attitude. The authors analyze the data with structural equation modeling via maximum likelihood estimation in LISREL.
Findings – The experience of self-presence during consumers’ use of VTOs in augmented reality environments has a positive effect on self-
explorative engagement. Furthermore, a mediation analysis reveals that self-explorative engagement improves brand attitude via brand cognitive
processing. The results are confirmed for two popular fashion and beauty brands.
Originality/value – Grounded in extended self theory, to the best of the authors’ knowledge, this is the first study to show that a realistic VTO
experience encourages self-extension via a process starting from the exploration of styles and results in increased brand cognitive processing and
more positive brand attitudes. The exploration of styles is enabled by self-presence.

Keywords Augmented reality, E-commerce, Self-explorative engagement, Self-presence, Brand

Paper type Research paper

1. Introduction

The act of purchasing clothes is often preceded by fitting the
clothes on oneself (Alexander et al., 2005; Holmlund et al.,
2011). In traditional offline retail, consumers experiment with
their appearance by curiosity about how clothing items fit and
suit them because they enjoy the novel experience without a
defined goal (Gurel and Gurel, 1979). Moreover, clothing and
fashion products have symbolic meanings and are related to
consumers’ self-concept (Piacentini and Mailer, 2004). The
self-concept or self refers to the entirety of people’s thoughts
and feelings toward themselves (Sirgy, 1982). The theory of
extended self asserts that consumers can try out new identities
by buying clothes and changing styles and when consumers
integrate aspects of the branded product into their self-concept,

it increases attention and liking for the brand (Belk, 1988,
2013).
However, physical intangibility in e-commerce websites

makes it impossible to physically fit clothing and fashion items
on oneself. Therefore, many firms (e.g. L’Or�eal, Levi’s, Mac
Cosmetics, Ray-Ban) have adopted a strategy of service
augmentation focusing not only on the core product but also on
the process-related aspects of consumer-brand interaction
(Grönroos, 2020). Specifically, try-on services that used to
be limited to in-store shopping (Childers et al., 2001) are
increasingly available in the online environment via virtual
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try-on technology (hereafter VTO). Augmented reality (AR)
registers augmented virtual products onto consumers’ bodies
or into their surroundings (Rauschnabel et al., 2022). A VTO is
a subcategory of AR applications that displays virtual products
directly on consumers’ body and facilitates the fitting of
products (Hilken et al., 2017). Thus, AR facilitates a self-
relevant experience that leads to positive brand outcomes
(Ambika et al., 2022; Phua and Kim, 2018; Xu et al., 2019).
However, previous studies examining the mechanisms through
which AR fosters positive consumer-brand outcomes are scarce
(Plotkina et al., 2021). Studies suggest that AR-VTOsmotivate
consumers to decorate their virtual selves (Huang and Liao,
2017), help discover possible selves and impact consumers’
self-concept (Javornik et al., 2021). Furthermore, the existing
studies discuss the possibilities and impossibilities of exploring
possible selves virtually and their interconnection to self-
concept (El-Shamandi Ahmed et al., 2023). However, little is
known about the antecedents of the exploration of possible
selves and how it leads to positive brand responses.
Against this backdrop, this research has two objectives. In

Section 2.2.1, we show that self-presence provides a realistic
experience and is, therefore, a key antecedent to self-explorative
engagement (i.e. exploration of styles in VTO contexts).
Thereafter in Section 2.2.2, grounded in extended self theory, we
propose that self-explorative engagement increases brand
cognitive processing and, subsequently, improves attitude toward
the brand. In Section 3, we empirically test our theoretical
framework and conduct a quasi-experimental study to compare
fashion and beauty branded VTOs because these products
represent symbolic consumption (Schouten, 1991) and the
comparison adds to the generalizability of this study. For
instance, Ray-Ban has launched a VTO that offers shoppers
hundreds of sunglasses to see on their faces in real time, with the
use of their Webcam (see ray-ban.com). In parallel, body
beautification services, such as L’Or�eal’s Makeup Genius are
becoming the “dressing room” before cosmetic purchases
enabling consumers to envision different versions of themselves
(Javornik et al., 2021).
This research outlines three main contributions. First, we

contribute to research on presence in the context of AR by
revealing that self-presence has a pivotal role for self-explorative
engagement and enhances brand responses. Second, we
contribute to research on motivation to use branded AR apps
by showing that self-presence and self-explorative engagement
enable the exploration of possible selves. Third, we contribute
to the literature on extended self theory (Belk, 1988, 2013) by
showing that self-explorative engagement enhances brand
cognitive processing during the process of self-extension, and
consequently improves brand attitudes. Managerially, the
findings imply that investments in developing AR-based VTOs
have positive effects on brand-related outcomes if they facilitate
a realistic try-on service experience and allow consumers to
conveniently explore different styles.

2. Literature review and theoretical background

2.1 Literature review
The existing research on consumer-brand interactions in the AR
context has studied the role of self-referencing, personalization,
inspiration and the resulting consumer-brand relationships. AR

usage inspires consumers to be more creative (Hinsch et al., 2020;
Rauschnabel et al., 2019) and motivates them to spend more time
exploring products online (Beck and Cri�e, 2018). From this body
of the research, we can conclude that consumers are motivated to
use AR when they can personalize the self-relevant try-on
experience (Smink et al., 2020). However, the existing research
does not provide an understanding of the predictors of consumers’
exploration of styles.
Scholz and Duffy (2018) have investigated the symbolic

meaning associated with building relationships with brands
through long-term usage of branded AR apps. They find that
AR app usage is a form of self-care activity that enables
consumers to explore their possible selves. Furthermore, as
consumers are foregrounded into the experience, they form
intimate relationships with brands. Thus, as presented in
Table 1, prior literature shows that when consumers can relate
aspects of themselves with the brand in the virtual
environment, it improves their relationship with a focal brand
(Huang, 2019; Phua and Kim, 2018). However, little is known
about the exploration of possible selves in AR and how it leads
to positive brand responses. Therefore, this study aims to
unpack this phenomenon for popular fashion and beauty
branded products (i.e. Ray-Ban andMACCosmetics).

2.2 Theoretical background and hypothesis
development
2.2.1 Self-presence and self-explorative engagement
Self-presence refers to the perception that the virtual self is
oneself (Lee, 2004; Vorderer, 2006) on two aspects: physical
similarity and identification (Seo et al., 2017). Therefore, self-
presence occurs when consumers feel that the VTO permits to
view their own physical (virtual) representation and identify
with the virtual self. In a similar vein, Ratan and Hasler (2010)
conceptualize self-presence to include both body-level presence
and identity-level presence. Body-level presence (i.e. physical
similarity) refers to the extent to which a virtual self is
integrated into the perception of one’s body (Ratan and Hasler,
2010). This is exemplified when a consumer tries lipstick on
their virtual self and integrates it into their mental
representation of their physical offline body. Identity-level self-
presence (i.e. identification), in turn, refers to the extent to
which some aspects of a virtual self are related to some aspects
of personal identity (Ratan and Hasler, 2010). Personal
identities (e.g. being fashionable, being a rugged individual)
focus on personal traits, characteristics and goals (Oyserman,
2009). When consumers can relate aspects of the virtual self to
aspects of their identity, they experience identity-level self-
presence (Ratan andHasler, 2010).
When people want to explore different styles, they are

motivated to use mass-customization options (Fiore et al.,
2004) and use prior experiences, desires and tastes to simulate
the experience (Belk, 2014). Similarly, self-explorative
engagement permits consumers to explore styles in a realistic
manner and to use prior experience to evaluate options (Huang
and Liao, 2017). Thus, virtual self can be used to modify one’s
physical and symbolic attributes and to explore possible selves
(Jin, 2012), which refer to different forms of self-expression (i.
e. how people assert their identity or self; Oyserman, 2009).
For instance, people can choose to express their actual, ideal or
ought to self (Markus and Nurius, 1986). Exploring one’s
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possible selves ranges from imagining wearing a pair of shoes to
imagining being a good student (Belk, 2003; Erikson, 2007),
and in many cases, digital environments enable consumers to
explore their possible selves (Belk, 2013). For instance, AR for
makeup enables consumers to explore possible selves via a lived
fantasy experience, such as trying on Rihanna’s makeup style
(El-Shamandi Ahmed et al., 2023).
Studies that have examined the antecedents of self-

explorative engagement in the VTO context already hint
toward the possibility that self-presence is one of the key
drivers. Specifically, Huang and Liao (2017) proposed two key
technological features as antecedents for self-explorative
engagement in the context of fitting clothes: self-location,

which refers to the sense of being in the body of a virtual
representation and haptic imagery, which refers to the sense of
touching the clothes. However, these antecedents dovetail
body-level presence only, whereas we go further and argue that
the antecedents to self-explorative engagement entails both
body-level and identity-level presence.
Based on these considerations, we argue that when a

consumer experiences self-presence, they are not role-playing
or projecting a self, but instead, they are the virtual self. If a
consumer tries a red lipstick on her virtual self because she has
always wondered what it would look like on herself; this
exemplifies self-explorative engagement in the VTO context.
Furthermore, the theory of extended self suggests that when

Table 1 Summary of the literature on consumer-brand themes in augmented reality

References Method
Process variables/
moderators Dependent variables Key findings

(Baek et al., 2018) Experiment Self-viewing, self-brand
connection/narcissism

Purchase intention Self-viewing enhances both self-brand
connection and purchase intention

(Phua and Kim,
2018)

Survey Self-referencing, self-brand
congruity, perceived humor

Brand attitude, purchase
intention

AR enhances attitudes toward brands
through self-brand congruity, self-
referencing and perceived humor.
Perceived humor is more important
than self-referencing for brand
attitudes

(Scholz and Duffy,
2018)

Ethnographic study Branded app as personal
space, dissolving of
boundaries and foregrounding
the consumer, protecting and
dissolving the consumer/brand
fusion

Consumer–brand
relationship

AR enables consumers’ self-exploration
and self-expression. AR drives more
intimate consumer–brand relationships
when marketers keep both the brand
and transactional aspects of the app in
the background

(Huang et al., 2019) Experiment Sense of ownership control,
rehearsability, self-
referencing, IT identity

Brand love AR is higher in interactive effect and
higher in audiovisual effect. Brand love
is positively influenced by self-
referencing and by IT identity

(Rauschnabel et al.,
2019)

Survey Augmentation quality, hedonic
and utilitarian quality,
inspiration

Brand attitudes AR apps inspire consumers and
improve their attitudes toward brands

(Smink et al., 2019) Experiment Self-referencing, perceived
informativeness, perceived
enjoyment, perceived
intrusiveness

Brand attitude, purchase
intention, willingness to
share personal data

AR enhance self-referencing, in turn, it
increases positive brand responses,
such as brand attitudes and purchase
intentions

(Xu et al., 2019) Experiment Self-referencing Attitude toward product Self-referencing enhances attitudes
toward product

(Smink et al., 2020) Experiment Spatial presence,
personalization, perceived
intrusiveness

Attitude and behavior
toward the app, brand
attitude, purchase
intention

Personalization led to purchase
intentions (but not enhanced brand
attitudes), while perceived
intrusiveness had negative
consequences

This study Survey Self-presence, self-explorative
engagement

Brand cognitive
processing, brand attitude

Consumers’ sense of an authentic
virtual self leads to self-explorative
engagement. When consumers explore
their styles, it enhances consumers’
learning about brands and, thus,
heightens brand attitude

Note: AR = augmented reality
Source: Authors’ own work
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people explore styles, they think about the traits associated with
the brands and whether they wish to identify personally with
those brands (Belk, 2003). Self-presence gives consumers
access to private aspects of the self in the virtual environment
(Hooi and Cho, 2014) that are used to explore possible selves.
Based on these notions, we predict that:

H1. Self-presence enhances self-explorative engagement
during the virtual try-on service experience.

2.2.2 Cognitive and affective outcomes of self-presence and self-
explorative engagement
Consumers include the symbolic meaning of clothes, makeup,
automobiles and so forth into their extended self (Jensen Schau
and Gilly, 2003). In addition, brands are meaningful in
constructing possible selves (Escalas and Bettman, 2005).
According to the extended self theory (Belk, 1988, 2013), when
consumers try on symbolic products, they may integrate the
brand offering into their self-concept. The symbolic meaning of
a branded product refers to the sense of being that is
presumably provided by a branded product (Belk, 1988) or
traits, such as glamour or ruggedness, that people wish to
associate with (Belk, 2003). People consider their augmented
images as part of their extended self (Scholz and Duffy, 2018).
Consumers may extend their self-concept with the branded
beauty product experienced in AR-VTO if this possible self is
accepted by others (El-Shamandi Ahmed et al., 2023). Thus,
consumers give attention to brands that have become related to
aspects of themselves (Escalas and Bettman, 2005).
Furthermore, information that is highly relevant to one’s self-

concept increases elaboration of message information
(Burnkrant and Unnava, 1995). When people feel that the
virtual self is physically similar to them, it increases trust in the
product information (Shim and Lee, 2011) and consumer
intentions to use the VTO (Suh et al., 2011). Therefore, a
message tailored to be self-relevant to virtual world users
increases its persuasive outcomes (Fox et al., 2009). The self is
deeply involved in information processing, interpretation and
memory of personal information (Rogers et al., 1977). New
information encoded as self-relevant lead to easier and faster
processing and easier recall (Rogers et al., 1977). Thus, we
suggest that self-presence as a cue for highly self-relevant
information enhances elaboration about the brand during the
VTO experience. Therefore, we predict that:

H2. Self-presence enhances brand cognitive processing
during the virtual try-on service experience.

Products and brands presented in self-relevant advertisements
are perceived as more like oneself (Burnkrant and Unnava,
1995). When the message is highly self-relevant, for instance,
by using a cue that represents the self in the virtual space, such
as a name, the pronoun “you,” profile picture of the self or an
avatar, it influences consumers to like the brandmore (Ahn and
Bailenson, 2011; Escalas, 2007). The VTO experience allows
consumers to view brands directly on themselves, which
facilitates the formation of a relationship between brands and
consumers and increases positive attitudes toward brands
(Huang, 2019; Xu et al., 2019). When AR enables consumers
to view themselves during the brand experience, consumers’

brand attitude and purchase intentions improve (Ahn and
Bailenson, 2011). Thus, we hypothesize:

H3. Self-presence enhances brand attitude during the virtual
try-on service experience.

Self-explorative engagement might prompt cognitive
processing of information, which could, on the one hand,
overload the working memory, make the information less
valuable for decision-making and distract attention from other
mental tasks (Keogh and Pearson, 2014). For example,
picturing oneself trying on a shirt and keeping the image in
working memory can be a highly demanding task and reduce
consumers’ consideration of other information, such as
learning information about a brand. On the other hand,
however, AR allows consumers to digitally generate a vivid,
lasting three-dimensional representation of the try-on
experience on a live-stream of consumers’ faces (Heller et al.,
2019). Therefore, AR offloads the cognitive processing of
imagining how the product would look like in a realistic manner
(Heller et al., 2019). Notably, such offloading of otherwise
internalized cognitive processing facilitates the processing of
complex visual information (Heller et al., 2019). Based on these
considerations, we argue that when consumers engage in self-
brand-related activities, such as trying on products of a specific
brand, self-relevant information enhances consumers’
information processing (Escalas, 2007). Thus, when
consumers are mentally simulating trying on products, more
cognitive resources can be allocated to processing brand-
related information. Based on these notions and extended self
theory, we suggest that trying on styles and using past
experiences to evaluate products is highly self-involving and
encourages consumers to learn about the brands. We,
therefore, argue that:

H4. Self-explorative engagement increases brand cognitive
processing during the virtual try-on service experience.

According to the theory of extended self, the more an object is
tied to one’s extended self, the more attention and care it
receives (Belk, 1988). When consumers explore possible selves
virtually, they are motivated to gather new information from
brands and to integrate aspects of the brand into their self-
concept. For instance, an AR experience (compared to a non-
AR experience) is more likely to create positive brand outcomes
because it motivates consumers to create, reinforce and express
their sense of self (Huang, 2019). Consumers appreciate
brands that allow them to creatively explore themselves
(Chernev et al., 2011). “Elaboration leads to attitude change
via logical consideration and evaluation of arguments” (Green
and Brock, 2000, p. 702), and when information is highly self-
relevant, people aremore willing to process it and thus will have
more favorable brand attitudes (Schlosser, 2003). Thus, we
propose that self-exploration enables the creation of
personalized information about a branded product, results in
more cognitive processing about the brand and positively
impacts brand attitude. Based on these notions, we infer that:

H5. Self-explorative engagement positively impacts brand
attitude through increased brand cognitive processing
during the virtual try-on service experience.
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3. Methodology

3.1 Study design
Many studies recommend service managers to invest in AR
apps to improve consumer experience (Dacko, 2017). Thus,
given that AR apps are applied in various industries, it is
important to understand whether different types of apps elicit
different outcomes (van Noort and van Reijmersdal, 2019).
Plotkina et al. (2021) compared six types of AR apps and,
among them, two apparel VTOs. This constitutes an important
ground work for comparing AR apps as they show that VTO
apps are the most popular AR apps, and consequently resulted
in more favorable brand outcomes (Plotkina et al., 2021).
Fashion and beauty industries participate to body
beautification, and therefore, we infer that both product
categories encourage consumers to explore what fits and suits
them. We used popular branded AR apps in both contexts for
this study.
Thus, this study is an online quasi-experiment with a

between-subjects study design with two conditions: one
VTO for fashion accessories and one for beauty products.
Only female participants were assigned to the beauty
condition, while all genders could be assigned to the fashion
condition. The online survey was administered to a US
national panel from Qualtrics. Participants were asked their
age because we aimed to collect a representative sample.
Participants in the sunglasses condition were instructed to
browse through two or three pairs of sunglasses, while
participants in the makeup condition were instructed to try
two or three lipsticks on. Thereafter, participants were
directed to the VTO application on a brand’s website, where
they saw the virtual products on themselves by using their
own mobile devices. Concretely, the participants saw
themselves on the screens of their own devices, filmed via
the Web cameras of their devices. Participants could spend
as much time as they wished inspecting products and,
subsequently, responding to the questionnaire that includes
the self-presence, self-explorative engagement, brand
cognitive processing and brand attitude items. Participants
spent 5min on average on the overall survey for both
conditions. We implemented an attention check (“Does this
statement correspond to the task you completed? I fitted
products on fashion models,” for which the correct answer
was “No”) at the beginning of the questionnaire to ensure
that participants used the AR apps. Therefore, if the
participants failed the attention check, they did not
access the questionnaire. Therefore, of the original 500
participants, 58 were rejected. We then conducted an
additional round of data collection (n = 58).
In the final sample (n = 500; median age group is 35–44),

254 participants tried on the sunglasses (i.e. fashion
condition) – 104 females, 144 males and 6 others � and 246
female participants tried on the lipsticks (i.e. beauty
condition). Additional demographics are presented in
Table 2.
All scales used in this study are previously validated (see

Table A1 in Appendix formeasurement items). The descriptive
statistics of both conditions are reported in Table 3 (see
Table A2 in Appendix for goodness of fit statistics).

3.2 Results of themeasurementmodel
The results of the measurement model revealed a satisfactory
fit to the data. The measures were validated by confirmatory
factor analysis (CFA) and tested using LISREL 8.80 statistical
software. Similar to McLean and Wilson (2019), we use
multigroup structural equation modeling and test measurement
invariance to ensure that the results obtained from the two VTO
conditions (sunglasses and makeup) were comparable. This was
achieved in two-steps by testing configural andmetric invariance
of path parameters of both conditions simultaneously.
Measurement invariance verifies that the same construct is
measured across groups (Hair et al., 2010). To do so, at each
step, we compared an unconstrained measurement model to a
constrained one and used changes in the chi-square (x2) and
degrees of freedom (d.f.) as measures of whether invariance
exists between measurement models. The x2 values and
differences in x2 values between the base model and constrained
model indicate insignificant degradation of the model fit
compared with the base model; therefore, we confirm
equivalence between both conditions (Table 4).
The validity and reliability of the measurement model were

confirmed, as the composite reliability (CR) loaded above the
threshold value of 0.6 for all items (Bagozzi and Yi, 1988)
and the average variance extracted (AVE) values for each
construct exceeded the threshold value of 0.5 (Hair
et al., 2010). Discriminant validity was assessed by the
Fornell–Larcker criterion (Fornell and Larcker, 1981) by
comparing correlations with the square root of AVEs for the
corresponding constructs. All square root AVEs are greater
than the corresponding correlations; thus, the results confirm
discriminant validity (see Table 5). Furthermore, the highest
variance inflation factor (VIF) is 2.27; thus, we confirm that
all VIF values are well below the threshold of 10

Table 2 Participants’ demographics

Characteristics No. %

Overall, US sample 500 100

Age (years)
18–24 68 13.6
25–34 108 21.6
35–44 113 22.6
45–54 122 24.4
55–64 89 17.8

Previous experience with VTO
Yes 83 16.6
No 383 76.6
Not sure 34 6.8

Education
High school 251 50.2
Bachelor’s degree 143 28.6
Master’s degree 57 11.4
PhD 13 2.6
No degree 36 7.2
Fashion buyers� 376 64.2

Note: �Respondents who bought fashion items in the past two years
Source: Authors’ own work
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(Field, 2009). In addition, the highest condition index is
12.36, which is well below the threshold of 30 (Field, 2009).
Therefore, multicollinearity is not a cause for concern
(see Table A3 in Appendix 1).
Following recommendations by Armstrong and Overton

(1977), we performed nonresponse bias analyses (see Table A4
in Appendix 1). The results of Pearson’s chi-squared tests
indicate that the early respondents do not significantly differ
from the late respondents in terms of gender (x2 = 0.52,

p> 0.05) or level of education (x2 = 4.44, p> 0.05) while there
is a significant difference in age groups (x2 = 60.24, p < 0.05).
However, as reported later (Section 4.4), including age as a
control variable does not impact our model. The t-tests indicate
nonsignificant differences in self-presence t(248) = 1.15,
p> 0.05, self-explorative engagement t(248) = 0.45, p>0.05,
brand cognitive processing t(248) = 0.03, p>0.05 and, brand
attitude t(248) = 0.28, p>0.05 between the early and late
respondents.

Table 3 Descriptive statistics

Construct Items Mean SD Item loading Cronbach’s alpha

Fashion condition
Self-presence Total 3.95 1.41 0.90

SEP1 0.82
SEP2 0.90
SEP3 0.88

Self-explorative engagement Total 4.32 1.43 0.88
SE1 0.83
SE2 0.83
SE3 0.86

Brand cognitive processing Total 4.37 1.40 0.85
BCP1 0.76
BCP2 0.83
BCP3 0.84

Brand attitude Total 4.75 1.45 0.90
BA1 0.84
BA2 0.91
BA3 0.87

Beauty condition
Self-presence Total 3.87 1.42 0.92

SEP1 0.87
SEP2 0.92
SEP3 0.88

Self-explorative engagement Total 4.38 1.38 0.88
SE1 0.81
SE2 0.84
SE3 0.85

Brand cognitive processing Total 4.37 1.35 0.86
BCP1 0.77
BCP2 0.86
BCP3 0.86

Brand attitude Total 4.50 1.68 0.95
BA1 0.91
BA2 0.98
BA3 0.91

Source: Authors’ own work

Table 4 Multigroup CFA for invariance testing

Model x2 (d.f.) Delta: x2(d.f.) RMSEA NNFI CFI

Configural invariance 252.64 (99) 0.07 0.97 0.98
Metric invariance 261.60 (107) 7.76 (8) 0.07 0.98 0.98

Notes: x2 = chi-square; d.f. = degrees of freedom; RMSEA = root mean square error of approximation; NNFI = non-normed fit index; CFI = comparative fit
index
Source: Authors’ own work
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To ensure that common method bias is not an issue, we
implemented the preventative steps recommended by
Mackenzie and Podsakoff (2012). We minimized the difficulty
of responding with the help of several doctoral students from
various fields that confirmed the questionnaire is easy to
understand and unambiguous. Furthermore, we ensured that
the participants were motivated to respond accurately by
offering monetary compensation if their questionnaire answers
were not rejected due to quality issues. To reduce satisficing,
participants were informed that the researchers do not have
access to their private information, and therefore, their answers
to the questionnaire are anonymous. Furthermore, our
variables make it unlikely that the participants’ answers were
driven by social desirability. Nevertheless, we additionally
calculated common method variance. After data collection, we
used Harman’s single-factor test with CFA to test the
hypothesis that a single factor can account for all of the variance
in the data (Korsgaard and Roberson, 1995; Mossholder et al.,
1998). Thereby, we conducted two CFAs, one with a single-
factor solution whereby all items loaded on one factor (x2 =
1,849.36, d.f. = 54) and another one with a two-factor solution
(x2 = 1,626.80, d.f. = 53) and compared the chi-square and
d.f. for both models. A significant chi-squared test indicates a
significant improvement in the model fit and is supported by a
change in chi-square above the threshold of 3.84 for d.f. = 1
(Field, 2009). We find that the CFA with a two-factor solution
had a significantly better fit than the CFA with a one-factor
solution (D chi-square = 222.56, D d.f. = 1) (see Table A5 in
Appendix 1). Thus, we conclude that common method bias is
not a serious threat to the robustness of the results.

3.3 Results of hypothesis testing
The structural equation model was estimated based on the
hypothesized model in Figure 1. The structural model
presented an acceptable fit (Jöreskog and Sörbom, 1993) (root
mean square error of approximation [RMSEA] = 0.07; x2 =
261.60, d.f. = 107, p < 0.005, SRMR = 0.04, RMR = 0.09,
comparative fit index [CFI] = 0.98, NFI = 0.97, GFI = 0.92).

The model supports all the hypothesized relationships for both
conditions (see Table 6).
H1 proposed that self-presence influences self-explorative

engagement: this hypothesis is confirmed (H1Fashion: b = 0.69,
p < 0.001, H1Beauty: b = 0.69, p < 0.001). H2 confirms that
self-presence enhances brand cognitive processing (H2Fashion:
b = 0.28, p < 0.001, H2Beauty: b = 0.30, p < 0.001). H3 states
that self-presence enhances brand attitude and is confirmed
(H3Fashion: b = 0.29, p < 0.001, H3Beauty: b = 0.20, p < 0.01).
Self-explorative engagement improves brand cognitive
processing (H4Fashion: b = 0.59, p < 0.001, H4Beauty: b = 0.59,
p < 0.001), therefore, H4 is confirmed. As predicted by H5,
self-explorative engagement positively influences brand
attitude through brand cognitive processing. Notably, we use
LISREL and find that the indirect effects (H5Fashion: b = 0.19,
p < 0.01, H5Beauty b = 0.20, p < 0.01) and the total effects
(Fashion; b = 0.23, p < 0.01, Beauty; b = 0.38, p < 0.01) are
significant while the direct effects (Fashion; b = 0.19, n.s.,
Beauty; b = 0.20, n.s.) are not significant. Hayes (2018) notes
that the “condition for mediation” by Baron and Kenny (1986)
have been criticized and are not anymore the standard in
statistical research. Instead, Hayes (2018) recommends to
confirm the mediation hypotheses by estimating and
interpreting the direct, indirect and total effects. Moreover, the
strength of the mediation should be measured by the size of the
indirect effect (Zhao et al., 2010). In the fashion condition, our
model explains 48% of self-explorative engagement, 30% of
brand attitude and 66% of brand cognitive processing. In the
beauty condition, our model explains 48% of self-explorative
engagement, 45% of brand attitude and 69% of brand
cognitive processing.

3.4 Robustness checks
Thereafter, we estimate the model again including three
control variables (age, education and interest in fashion
shopping) on the dependent variables. The results confirm the
previous significant relationships (see Table A6 in Appendix 1);
thus, we gain additional support for our model. In addition,

Table 5 Measure properties

1 2 3 4 Square root AVE

Fashion condition
1. Self-presence 1.00 0.87
2. Self-explorative engagement 0.68 1.00 0.84
3. Brand attitude 0.53 0.49 1.00 0.84
4. Brand cognitive processing 0.69 0.79 0.55 1.00 0.82
CR 0.90 0.88 0.90 0.86
AVE 0.76 0.72 0.76 0.67

Beauty condition
1. Self-presence 1.00 0.89
2. Self-explorative engagement 0.69 1.00 0.83
3. Brand attitude 0.57 0.59 1.00 0.94
4. Brand cognitive processing 0.70 0.78 0.63 1.00 0.83
CR 0.90 0.88 0.90 0.86
AVE 0.76 0.72 0.76 0.67

Note: AVE = average variance extracted
Source: Authors’ own work
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most of the effects of the control variables on the focal variables
are insignificant. However, we find that interest for fashion
shopping improves brand attitude in both the fashion and
beauty conditions, while age negatively influences self-
explorative engagement in the beauty condition. In addition,
we investigate the mediation with a more stringent test that
consists in model comparison and x2 significance test between
the freely estimated effect of self-explorative engagement on
brand attitude and by constraining the relationship to zero.
Model fit is good (RMSEA = 0.07), but this stronger statistical
test does not provide enough proof to confirm full mediation
because the constrained model (full mediation) results in a
significant degradation of fit (D d.f. = 2, D chi-square = 7.92;
see Table A7 in Appendix 1). Thus, the more stringent test
indicates a partial mediation of self-explorative engagement on
brand attitude.

Finally, we provide support for the normality and homogeneity
of the data. Field (2009) advises to inspect the shape of
the distribution visually and to inspect the value of
the skewness and kurtosis statistics. The visual inspection of the
p-p plots (see Figure B1 in Appendix 2) indicates that there is
no concern about normality of the data. The normality
assumption for maximum likelihood estimation was tested, and
we reported (see Table B1 in Appendix 2) that all variables are
well below the threshold of two for skewness and seven for
kurtosis (Fabrigar et al., 1999). Regarding testing homogeneity
of variance between two groups, Levene’s test and Hartley’s
variance Fmax ratio can be used. The variances were equal
between the fashion and beauty conditions for self-presence
F(1,498) = 0.07, n.s, for self-explorative engagement F(1,498) =
0.40, n.s. and for the brand cognitive processing F(1,498) = 0.62,
n.s, but not for brand attitude F(1,498) = 4.12, p < 0.05. In large

Table 6 Results of structural equation modeling

Hypothesized relationships Effectsa Stderr t-value Result

Fashion condition
Self-presence! SE 0.69��� 0.06 11.22 H1: confirmed
SEP! BCP 0.28��� 0.07 3.72 H2: confirmed
SEP! BA 0.29��� 0.09 3.13 H3: confirmed
Indirect effect: SEP! SE! BCP 0.41��� 0.06 6.44
Indirect effect: SEP! SE! BA 0.25��� 0.07 3.62
Total effect: SEP! BCP 0.68��� 0.06 10.68
Total effect: SEP! BA 0.54��� 0.06 8.56
SE! BCP 0.59��� 0.07 7.38 H4: confirmed
Indirect effect: SE! BCP! BA 0.19�� 0.07 2.60 H5: confirmed
Total effect: SE! BA 0.23�� 0.07 2.54
Direct effect: SE! BA 0.04n.s. 0.11 0.30
BCP! brand attitude 0.33�� 0.13 2.78

Beauty condition
Self-presence! SE 0.69��� 0.06 11.22 H1: confirmed
SEP! BCP 0.30��� 0.07 4.13 H2: confirmed
SEP! BA 0.20�� 0.10 2.44 H3: confirmed
Indirect effect: SEP! SE! BCP 0.41��� 0.06 6.45
Indirect effect: SEP! SE! BA 0.25��� 0.07 6.00
Total effect: SEP! BCP 0.68��� 0.06 10.78
Total effect: SEP! BA 0.54��� 0.07 9.84
SE! BCP 0.59��� 0.07 7.47 H4: confirmed
Indirect effect: SE! BCP! BA 0.20�� 0.09 2.60 H5: confirmed
Total effect: SE! BA 0.38��� 0.13 5.13
Direct effect: SE! BA 0.19n.s. 0.13 1.60
BCP! BA 0.35��� 0.15 3.13

Notes: SE = self-explorative engagement; SEP = self-presence; BA = brand attitude, BCP; brand cognitive processing; astandardized effect; Stderr = standard
error; critical t-value (one-tailed) = 1.645. ���p<0.001; ��p<0.01; n.s.p>0.05
Source: Authors’ own work

Figure 1 Conceptual framework
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samples, Levene’s test can be significant even when the variance
between groups is not very different; thus, it should be interpreted
in conjunction with the variance ratio (Field, 2009). We find that
Hartley Fmax variance ratio is close to one, and thus, we confirm
homogeneity of variance between both groups for each variable
(Field, 2009) (seeTableB2 inAppendix 2).

4. Discussion

4.1 Theoretical contributions
VTO revolutionizes the shopping experience because it allows
consumers to decorate themselves virtually, which mimics their
window-shopping in-store experience without having to travel
to the store. Such services are crucial to help brands be more
competitive (Berry, 2016). The findings of the present study
make threemain contributions.
First, we participate in the discussion on the role of presence

experiences in AR. We show that consumers are motivated to
explore their styles in AR-based service contexts (Scholz and
Duffy, 2018), provided that they consider the virtual self to
be themselves (i.e. self-presence). In addition, to the best of
the authors knowledge, this study is the first to show that
self-presence also has a direct positive impact on cognitive and
affective brand-related outcomes in AR-enabled service
contexts. These findings extend the work of Scholz and Duffy
(2018), who find that AR makeup apps enable consumers to
try-on a product on their own face and in their personal
space, therefore, foregrounding consumers’ self-exploration and
leading to intimate consumer–brand relationships. Furthermore,
we extend the work of Adachi et al. (2020), who show that
self-presence in VR leads to positive attitudes that transfer
to the image of travel destinations by demonstrating that
self-presence has the potential to improve consumers’ attitudes
also in the context of AR-based VTOs.
Second, this study contributes to research on the exploration

of possible selves in virtual contexts (Ambika et al., 2022; El-
Shamandi Ahmed et al., 2023) by showing that self-presence
and self-explorative engagement enable consumers to explore
their possible selves. This finding extends prior research, which
shows that consumers use AR to explore their ideal and true
self-presentation (Javornik et al., 2022). Our results provide
nuance to many studies that point out that consumers do not
believe that AR is realistic and would not use it to explore
themselves (El-Shamandi Ahmed et al., 2023; Javornik et al.,
2022). Importantly, such studies considered AR try-ons that
display multiple brands or unbranded styles while we confirm
our findings in two branded AR contexts. We further establish
that self-presence is an important and novel prerequisite for
self-explorative engagement in the context of VTO and,
therefore, contribute to the existing research on consumers’
self-explorative engagement (Chernev et al., 2011). This
finding answers the call for novel insights about consumers’ key
motivations to use online services (Furrer et al., 2020).
Third, this study contributes to research on the extended self

(Belk, 1988, 2013) by denoting the existence of an extended
self in AR-VTOs that results in positive brand attitudes when
consumers use branded fashion and beauty apps. Belk (2013)
concluded that virtual self may influence offline selves and help
create multiplicity of selves. Our study contributes to this
literature on how AR helps consumers present themselves and

shows that in the context of AR branded apps, the symbolic
meaning from a focal brand gives reassurance and permits self-
extension. Specifically, during self-extension, consumers
explore their styles and increase their processing of brand
information. In turn, self-extension benefits brands that offer
such services.

4.2 Practical implications
The findings of this study are verified across two online service
experiences and have several implications for service managers
and developers of AR-based shopping apps. First, developing
apps that enhance consumers’ self-explorative engagement
requires that app developers provide a realistic experience of
the virtual self (i.e. self-presence). Prior research shows that
consumers report a lack of authenticity in the VTO service
experience and desire a believable representation of shades and
sizes on people’s own physical characteristics, for instance,
different skin colors or facial features (El-Shamandi Ahmed
et al., 2023). Thus, designers should involve consumers in the
cocreation of the service experience from the beginning tomake
AR more inclusive, for instance, making it more accurate for
Asian women (El-Shamandi Ahmed et al., 2023). In addition,
brands should be the background of the service experience
while consumers are foregrounded (Scholz andDuffy, 2018).
Second, self-explorative engagement provides a novel type of

experience that service managers can propose for finding their
target audience willing to embrace AR. Most AR research
focuses on increasing purchases and views AR as a mere
decision-making tool (Hilken et al., 2017; Whang et al., 2021),
while we suggest that VTOsmight have an additional role in the
customer journey. Specifically, this study finds that the VTO is
a tool for self-exploratory behavior (Javornik et al., 2022) that
enhances affective and cognitive brand outcomes, and previous
research suggests that self-explorative engagement can help
companies form close relationships with consumers (Scholz
and Duffy, 2018). Therefore, service managers and brands
should not focus only on supporting the utilitarian purposes of
using VTO apps but also enable more hedonic self-explorative
engagement. This is a novel way to enable interaction between
consumers and the organizational frontline with the potential to
expand services by deepening consumer relationships
(Marinova et al., 2017). Therefore, we recommend especially
smaller and less-known brands to consider using VTO services
to increase positive attitudes toward brands. This is consistent
with a recent study showing that AR apps are particularly useful
for less known brands, brands with smaller target audiences
and luxury products (Tan et al., 2022).
Third, brands investing in AR technology might create a

lock-in effect with the branded app. Lock-in effects are a type of
loyalty that occurs when the costs of switching is higher than
the benefits (Murray and Häubl, 2007). When people are loyal
to an online vendor, it is often because they have spent time and
energy learning how to use it and learning about the brand
(Shih, 2012). Technological lock-ins stem from a positive
affective and cognitive experience with products and brands
(Shih, 2012). An AR-VTO as a feature of a branded app (e.g.
Sephora and Nike AR apps) encourages consumer exploration
of styles and facilitates affective and cognitive responses toward
the focal brand and can, therefore, help create lock-in effects.
We suggest that through this mechanism, AR can help brands
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capture more value for themselves instead of joining a
marketplace and pay commission to the platform.

5. Limitations and future research

The present study is a cross sectional one, thus involving the
risk of common method bias (Podsakoff et al., 2003), which we
considered before and after data collection. Prior to the data
collection, we implemented the preventative steps
recommended by MacKenzie and Podsakoff (2012) to ensure
that common method bias is not a serious issue in our study.
We also checked for common method bias afterwards with
Harman’s criterion. However, in light of current controversy on
Harman’s criterion (Baumgartner et al., 2021), we recognize
that commonmethod bias might be a limitation to our data.
Furthermore, this study has several limitations that offer

fruitful avenues for future research. First, to the best of authors’
knowledge, this is the first study to show the importance
of self-presence in AR, and we hope it will inspire further
research on presence theory. Research discusses presence as
multidimensional concept that encompasses spatial presence,
self-presence and social presence (Lavoye and Tarkiainen,
2021; Lee, 2004). Whereas spatial presence has been the most
commonly studied presence dimension in AR research thus far
(Hilken et al., 2017; Smink et al., 2020), the present research
provides important background for a multidimensional
investigation of presence.
Second, we only discuss the exploration of styles via VTO

but do not investigate the deeper meaning of such exploration
for consumers’ self-concept. The research literature recognizes
the importance of many self-related constructs (self-expression,
Belk, 1988; self-congruity, Sirgy, 1982) as antecedents to
positive brand outcomes in the context of VTOs. These self-
related constructs assume that consumers already have formed
a self-image they wish to express, and they will assess the
brands’ congruence with this self-image. However, research
also shows that low self-esteem consumers are the most keen to
use AR (Yim and Park, 2019), and they wish to explore their
self-concept with AR (Javornik et al., 2021). Therefore, helping
this segment to explore their self-concept is an important
avenue for future research. Future research can dive into the
self-explorative experience and collect additional data to verify
our findings with self-explorative engagement as performance,
which can entail observing how many products participant try-
on, how long they use the app and how creative their experience
is.
Third, extended self theory recognizes that the incorporation

of branded products into the self happens through a process of
increasing knowledge of the object, which becomes desirable
thereafter (Belk, 1988). However, our results did not provide
support for a full mediation between self-explorative
engagement and brand attitude via brand cognitive processing;
thus, we encourage future research to provide additional clarity
on these relationships. Beyond cognitive and affective brand
outcomes, future studies should investigate whether self-
explorative engagement might, under some conditions,
decrease loyalty to brands and businesses. Self-extension
typically increases loyalty to a focal brand; however, digital
products might play different roles and reduce brand loyalty
(Belk, 2013). This might be the case because some VTOs

enable consumers to explore brands, and consumers might,
therefore, move from one brand to another easily.
Consequently, their loyalty to any individual brand could be
decreased. Retailers are increasingly investing in VTOs, for
instance, Amazon is adding AR-VTO for shoes, and therefore,
lets consumers explore thousands of styles from footwear
brands including New Balance, Adidas, Reebok and Lacoste
(Perez, 2022). Many big Tech rivals, for instance, Snapchat,
Pinterest andGoogle, also leverage AR-VTO to display clothes,
makeup and accessories (Perez, 2022). This is an important
topic because of the popularity of those platforms that make
VTO technologies instantly available tomillions of users.
Fourth, our stimuli compare two different product categories

(i.e. lipstick and sunglasses), and more product categories
should be considered as they might reveal new boundary
conditions to our findings. Other possible boundary conditions
are consumers’ characteristics, such as their satisfaction with
their appearance. Specifically, consumers’ satisfaction with
their appearance improves self-presence, product diagnosticity
and loyalty toward the try-on experience (Suh et al., 2011),
while consumers’ dissatisfaction (vs satisfaction) with their
body image enhances the popularity of VTOs (Yim and Park,
2019). We suggest that dissatisfaction with one’s appearance
reduces self-presence and, in turn, a lower self-presence
protects against the negative emotions linked with one’s low
self-image and enables consumers to focus on the products and
the experience. Therefore, future studies should investigate the
extent to which different levels of self-presence will benefit
different consumers in this context and provide guidelines to
service designers.
Fifth, and finally, the lipstick condition was only tested by

women, as it is the typical target segment for makeup; however,
gender might be an interesting boundary condition to
investigate further. In addition, this survey had an experimental
task, and 77% of the participants had never used AR before.
Future research on this topic would benefit from insights of
more experienced users of the apps to better understand their
needs andmotivations when using such technologies.
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Appendix 1

Table A1 Measurement items

Construct Source Item wording

Seven-point Likert scale: 1 = “strongly disagree,” 7 = “strongly agree”
Self-presence Adapted from Seo et al. (2017) SEP1: I felt like this character resembled me

SEP2: I felt like I identified with this character
SEP3: I felt like this character represented something in me

Self-explorative engagement Adapted from Huang and Liao
(2017)

SE1: I was able to try-on various expressions and poses
SE2: I was able to apply my previous try-on experiences to the experience
with the virtual product
SE3: I was able to move the way I would in real life to inspect the product’s
fit

Brand cognitive processing Adapted from Hollebeek et al.
(2014) and McLean and Wilson
(2019)

BCP1: I was able to learn about the brand
BCP2: I thought a lot about the brand
BCP3: I was motivated to learn more about the brand

Seven-point semantic differential scale
Brand attitude Adapted from Li et al. (2002) BA1: Bad/good

BA2: Unappealing/appealing
BA3: I do not like the brand/ I like the brand

Source: Authors’ own work

Table A2 Goodness of fit indexes per condition

Condition x2 (d.f.) RMSEA NNFI CFI

Fashion condition 127.86 (48) 0.08 0.97 0.98
Beauty condition 122.31 (48) 0.07 0.98 0.98

Notes: x2 = chi-square; d.f. = degrees of freedom; RMSEA = root mean square error of approximation; NNFI = non-normed fit index; CFI = comparative fit
index
Source: Authors’ own work

Table A3 Collinearity statistics

Independent variables Dependent variables VIF Condition index

Fashion condition
Self-presence Brand attitude 1.80 9.42
Self-explorative engagement 2.25 7.96
Brand cognitive processing 2.23 11.81

Beauty condition
Self-presence Brand attitude 1.89 7.90
Self-explorative engagement 2.27 9.88
Brand cognitive processing 2.33 12.36

Note: VIF = variance inflation factor
Source: Authors’ own work
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Table A4 Nonresponse bias

Demographic Pearson’s x2 results Significance

Age x2 = 60.24, p< 0.05 Significant
Gender x2 = 4.44, p> 0.05 Not significant
Education x2 = 0.52, p> 0.05 Not significant

Dependent variables t-test results Significance
Self-presence t(248) = 1.15, p> 0.05 Not significant
Self-explorative engagement t(248) = 0.45, p> 0.05 Not significant
Brand cognitive processing t(248) = 0.03, p> 0.05 Not significant
Brand attitude t(248) = 0.28, p> 0.05 Not significant

Source: Authors’ own work

Table A5 Common method variance test

Model x2 (d.f.) Delta: x2 (d.f.) RMSEA NNFI CFI

One-factor model 1,849.36 (54) 0.25 0.80 0.83
Two-factor model 1,626.80 (53) 222.56 (1) 0.24 0.84 0.87

Notes: x2 = chi-square; d.f. = degrees of freedom; RMSEA = root mean square error of approximation; NNFI = non-normed fit index; CFI = comparative fit
index
Source: Authors’ own work
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Table A6 Results of structural equation modeling with covariates in the analysis

Hypothesized relationships Effectsa Stderr t-value Result

Fashion condition
Self-presence! SE 0.68��� 0.07 10.75 H1: confirmed
SEP! brand cognitive processing 0.27��� 0.07 3.54 H2: confirmed
SEP! brand attitude 0.25�� 0.09 2.76 H3: confirmed
Indirect effect: SEP!SE! BCP 0.40��� 0.06 6.44
Indirect effect: SEP!SE!BA 0.24��� 0.07 3.62
Total effect: SEP!BCP 0.67��� 0.06 10.27
Total effect: SEP!BA 0.49��� 0.07 7.69
SE! BCP 0.60��� 0.07 7.44 H4: confirmed
Indirect effect: SE! BCP! BA 0.20�� 0.07 2.69 H5: confirmed
Total effect: SE! BA 0.22�� 0.08 2.41
Direct effect: SE! BA 0.01n.s. 0.11 0.10
BCP! BA 0.34�� 0.13 2.88

Beauty condition
SEP! SE 0.68��� 0.06 10.96 H1: confirmed
SEP! BCP 0.30��� 0.06 4.13 H2: confirmed
SEP! BA 0.21�� 0.10 2.49 H3: confirmed
Indirect effect: SEP!SE!BCP 0.39��� 0.06 6.20
Indirect effect: SEP!SE!BA 0.35��� 0.07 5.85
Total effect: SEP!BCP 0.68��� 0.06 10.21
Total effect: SEP! BA 0.55��� 0.06 9.35
SE! BCP 0.57��� 0.07 7.37 H4: confirmed
Indirect effect: SE! BCP! BA 0.18��� 0.07 2.98 H5: confirmed
Total effect: SE! BA 0.37��� 0.09 5.14
Direct effect: SE! BA 0.19n.s. 0.13 1.60
BCP! BA 0.32�� 0.15 2.79
Covariates

Fashion condition
Age! SE 0.01n.s. 0.06 0.18
Edu! SE �0.05n.s. 0.08 �1.24
Int! SE 0.06n.s. 0.14 1.10
Age! BCP 0.03n.s. 0.04 0.55
Edu! BCP 0.06n.s. 0.06 1.10
Int! BCP 0.01n.s. 0.11 1.10
Age! BA �0.08n.s. 0.06 �1.39
Edu! BA �0.04n.s. 0.08 �0.50
Int! BA 0.12�� 0.15 2.18

Beauty condition
Age! SE �0.10� 0.05 �1.81
Edu! SE 0.01n.s. 0.06 0.25
Int! SE 0.04n.s. 0.14 0.71
Age! BCP �0.04n.s. 0.05 �0.96
Edu! BCP �0.04n.s. 0.07 1.10
Int! BCP 0.10n.s. 0.11 0.15
Age! BA 0.04n.s. 0.06 �1.39
Edu! BA �0.02n.s. 0.08 �0.50
Int! BA 0.13�� 0.15 2.18

Notes: SE = self-explorative engagement; SEP = self-presence; BA = brand attitude; BCP = brand cognitive processing. astandardized effect; Stderr =
standard error; critical t-value (one-tailed) = 1.645. ���p< 0.001; ��p< 0.01; n.s.p> 0.05
Source: Authors’ own work

Virtual try-on service experiences

Virginie Lavoye, Jenni Sipilä, Joel Mero and Anssi Tarkiainen

Journal of Services Marketing

Volume 37 · Number 10 · 2023 · 1–21

16



Appendix 2. Assumptions

Table A7 Full mediation robustness check

Model x2 (d.f.) Delta: x2(d.f.)

Unconstrained (partial mediation) 261.60 (107)
Constrained (full mediation) 269.52 (109) 7.92 (2)

Source: Authors’ own work

Figure A1 Normality analysis with histogram (on the left) and p-p plot (on the right)
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Figure A1
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Table A8 Skewness and kurtosis

Variables Skewness Std. error of skewness Kurtosis Std. error of kurtosis

Fashion condition
Self-presence �0.38 0.15 �0.03 0.30
Self-explorative engagement �0.38 0.15 �0.30 0.30
Brand cognitive engagement �0.29 0.15 �0.09 0.30
Brand attitude �0.45 0.15 �0.01 0.30

Beauty condition
Self-presence �0.16 0.15 �0.18 0.31
Self-explorative engagement �0.38 0.15 0.26 0.31
Brand cognitive engagement �0.29 0.15 0.20 0.31
Brand attitude �0.40 0.15 �0.33 0.31

Source: Authors’ own work

Table A9 Tests for homogeneity of variance

Variables Variance in fashion condition Variance in beauty condition Hartley FMax

Self-presence 2.00 2.02 0.99
Self-explorative engagement 2.05 1.9 1.07
Brand cognitive engagement 1.96 1.84 1.06
Brand attitude 2.11 2.82 0.75

Source: Authors’ own work
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