
Total Quality Management & Business Excellence

ISSN: 1478-3363 (Print) 1478-3371 (Online) Journal homepage: www.tandfonline.com/journals/ctqm20

Customer loyalty through augmented reality
apps: quality attributes, market differences, and
trust as a mediator

Wenxuan Shi, Farlane S. Rumokoy & Björn Frank

To cite this article: Wenxuan Shi, Farlane S. Rumokoy & Björn Frank (2025) Customer
loyalty through augmented reality apps: quality attributes, market differences, and trust
as a mediator, Total Quality Management & Business Excellence, 36:7-8, 759-787, DOI:
10.1080/14783363.2025.2477169

To link to this article:  https://doi.org/10.1080/14783363.2025.2477169

© 2025 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 11 Mar 2025.

Submit your article to this journal 

Article views: 3135

View related articles 

View Crossmark data

Citing articles: 6 View citing articles 

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ctqm20

https://www.tandfonline.com/journals/ctqm20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14783363.2025.2477169
https://doi.org/10.1080/14783363.2025.2477169
https://www.tandfonline.com/action/authorSubmission?journalCode=ctqm20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ctqm20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14783363.2025.2477169?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14783363.2025.2477169?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/14783363.2025.2477169&domain=pdf&date_stamp=11%20Mar%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/14783363.2025.2477169&domain=pdf&date_stamp=11%20Mar%202025
https://www.tandfonline.com/doi/citedby/10.1080/14783363.2025.2477169?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/14783363.2025.2477169?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=ctqm20


Customer loyalty through augmented reality apps: quality 
attributes, market differences, and trust as a mediator

Wenxuan Shi , Farlane S. Rumokoy and Björn Frank *

Faculty of Commerce, Waseda University, Tokyo, Japan

Since limited trust is a major barrier to consumer adoption of products and services, this 
research examines how augmented reality (AR) apps can be designed for different 
market segments to effectively increase consumer trust and thereby loyalty. Its 
originality lies in examining the behavioral impact of a previously unexplored set of 
AR app quality attributes, and in comparing this impact across previously 
unexplored dimensions of consumer markets. Using the statistical software packages 
SPSS and AMOS, this research analyzes data collected from 1661 consumers in 
China and Japan using random sampling. The results suggest that the AR app quality 
dimensions of interactivity, system quality, product informativeness, and reality 
congruence positively influence consumer trust in a firm’s digital marketing content, 
which in turn drives consumer loyalty. The effect of product informativeness is 
stronger for consumers with more e-commerce experience. A comparison of 
consumer markets with higher (China) and lower (Japan) digital competitiveness 
suggests that market digital competitiveness amplifies the effect of system quality 
and attenuates the effect of reality congruence. These findings guide practitioners in 
the design of trust-building AR apps and expand marketing scholars’ understanding 
of trust formation.

KEYWORDS: Augmented reality; brand loyalty; trust; reality congruence; system 
quality; product informativeness; digital competitiveness; e-commerce experience

1. Introduction

Lack of trust is a major barrier to consumer adoption of products and services, especially in 
contexts with low tangibility of offerings such as e-commerce platforms (Aljifri et al., 
2003). Despite years of extensive research on trust formation, the literature still lacks a 
definitive solution for building trust in e-commerce transactions (Kassim & Asiah Abdul
lah, 2010). Given the prevailing low levels of trust in e-commerce, it is imperative to 
increase consumer trust in digital content in order to stimulate consumer purchases. In 
this article, we argue that augmented reality (AR), as a novel form of presenting digital 
content, is a powerful digital marketing tool that offers a way to increase the tangibility 
of products and foster trust. This, in turn, has the potential to be a catalyst for increased 
sales (Yaoyuneyong et al., 2016) and customer loyalty. The uniqueness of AR lies in its 
ability to seamlessly overlay digital marketing content onto the consumer’s physical 
environment in real time, allowing consumers to better evaluate the usefulness of products 
in their lives (Georgiou & Kyza, 2017).
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As an example of the marketing benefits of AR, a consumer may want to purchase a 
chair on an e-commerce platform to match a dining table at home. However, the difficulty 
in evaluating the chair based on pictures and descriptions (i.e. low tangibility) leads to con
cerns about the actual fit of the product, that is, low confidence in the ability to evaluate the 
chair and its fit in the home environment, and thus low trust in the brand’s digital content. 
After receiving the chair, the consumer may find that the chair is the wrong size, leading to 
low customer loyalty. We propose that a well-designed, high-quality AR smartphone app 
would solve the problem of low tangibility by allowing the consumer to place a virtual 
instance of the chair in the home to evaluate the product and its fit in the home environ
ment. This would increase the consumer’s confidence in being able to fully evaluate the 
products offered prior to purchase, thereby increasing consumer trust in the brand’s 
digital content and subsequently customer loyalty.

Incorporating AR into e-commerce strategies has been proposed as a strategic 
approach to building trust by providing a multifaceted enhancement to the consumer 
experience (Chylinski et al., 2020). However, despite the recognition of AR as an innova
tive marketing tool, consumer adoption of AR has been slow (Sahi et al., 2021), mainly 
because firms lack knowledge about the specific AR designs that effectively address con
sumer concerns and thus build trust (Alimamy & Al-Imamy, 2022; Han et al., 2019). To 
address this gap in the literature, our article addresses two research questions: First, how 
specifically does an AR app need to be designed to foster consumer trust in digital market
ing content in a risky environment (e.g. e-commerce, Nepomuceno et al., 2014), thus 
laying the groundwork for customer loyalty? To address this research question, we 
develop a novel set of AR app quality attributes that we predict will increase consumer 
trust and, in turn, loyalty. Second, how do the effects of these AR app quality attributes 
vary across consumer markets? To address this research question, we examine the modera
tors of consumer e-commerce experience and market digital competitiveness.

Our research draws on trust theory, which focuses on the predictors and consequences of 
trust (Mayer et al., 1995) and has been widely used in digital contexts (Lauer & Deng, 2007), 
because our goal is to examine how different AR app quality attributes affect trust and thus 
customer loyalty. Our theoretical contributions are to test the predictive validity of trust 
theory in the new context of AR apps, which aim to enhance the low tangibility of digitally 
presented products (Aljifri et al., 2003; Chylinski et al., 2020), and to examine market digital 
competitiveness and consumers’ e-commerce experience as new boundary conditions (i.e. 
moderators) that determine the predictive validity of trust theory in digital contexts.

Because these boundary conditions are at the market level and thus require data from 
consumer segments in more than one country, we conduct the first multi-country study of 
the marketing effects of AR. Specifically, we use data from 1661 consumers across differ
ent market segments in Japan and China. We chose these two countries because they are 
two of the three largest consumer markets in the world (Abulaiti et al., 2011; CIA, 2023; 
Frank et al., 2012) and thus important for practitioners. In addition, they are culturally 
similar, while they differ significantly in the level of market digital competitiveness as 
our focal market-level moderator, which is much higher in China than in Japan (IMD, 
2023).

2. Conceptual background

2.1. AR in marketing

Definition. AR is a technology that has the ability to overlay interactive digital elements 
(such as computer-generated images, text content, audio, video, and other multimedia 
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elements) onto the consumer’s real-time environment (Javornik, 2016; Milgram et al., 
1994). An AR app is a mobile or desktop software application based on AR technology.

Marketing applications of AR. The novel capabilities of AR apps offer marketers new 
ways to engage customers and enrich their experiences. For example, an AR app can place 
a digital version of a product, such as a sofa (or clothing), in a real-time video of the con
sumer’s living room (or body), which helps the consumer evaluate the product and its fit 
with the consumer’s needs. In this way, AR apps can allow consumers to quickly try out 
products virtually without having to visit a physical store (Verhagen et al., 2014). This 
saves time for consumers and reduces the cost to firms of operating offline showrooms. 
In reviewing the marketing applications of AR apps, we identified four broad uses of 
the technology in retail settings: (1) entertaining consumers, (2) educating consumers, 
(3) helping consumers evaluate product fit, and (4) enhancing consumers’ post-purchase 
consumption experience (Y. C. Tan et al., 2022). AR is believed to increase firm profits 
by reducing consumer uncertainty, increasing consumer confidence in purchases, and redu
cing firm operating costs (Hilken et al., 2017).

Literature review: marketing effects of AR. Table 1 summarizes the empirical literature 
on the marketing effects of AR apps. This literature consistently finds positive effects of 
AR on various consumer behaviors, such as visit intention (Ahmad et al., 2023; Chung 
et al., 2015), reuse intention (Anand et al., 2023; H. C. Kim & Hyun, 2016), purchase 
intention (Barta et al., 2023; Gatter et al., 2021; Haile & Kang, 2020; Poushneh & 
Vazquez-Parraga, 2017; Pozharliev et al., 2022; Trivedi et al., 2022; Watson et al., 
2018), engagement (McLean & Wilson, 2019), and switching behavior (Chen et al., 
2021; Nugroho & Wang, 2023; Rauschnabel et al., 2017; Zanger et al., 2022). Thus, 
AR can be used as a strategic tool to increase sales. In addition, AR positively affects con
sumers’ psychological states such as motivation (Di Serio et al., 2013; Khan et al., 2019), 
experience (Huang et al., 2019; Y. Wang et al., 2019), attitude (Alimamy & Al-Imamy, 
2022; Moriuchi et al., 2021; Papakostas et al., 2023; Rauschnabel et al., 2019), satisfaction 
(Jessen et al., 2020; Poushneh & Vazquez-Parraga, 2017), usefulness (A. Cheng et al., 
2024; Chiu et al., 2021; Christ-Brendemühl & Schaarschmidt, 2021; David et al., 2021; 
Y. Wang et al., 2019), and value perception (Cranmer et al., 2020; Erdmann et al., 
2021; Plotkina et al., 2022; Rumokoy & Frank, 2025; Saleem et al., 2021). Thus, AR 
can be used to shape consumers’ thinking about the brand and its products, with potential 
benefits in long-term behavior. Furthermore, AR affects customer relationships 
(K. Y. Wang et al., 2023), allowing brands to grow brand communities.

In addition to these main effects, the literature has identified various mediators of these 
effects, such as experience quality (Alimamy & Al-Imamy, 2022; A. Cheng et al., 2024; 
David et al., 2021; Poushneh & Vazquez-Parraga, 2017), technology performance 
(H. C. Kim & Hyun, 2016; McLean & Wilson, 2019; Y. Wang et al., 2019), positive con
sumer affection (Anand et al., 2023; Chiu et al., 2021; Haile & Kang, 2020; Watson et al., 
2018; Zanger et al., 2022), perceived benefits (Ahmad et al., 2023; Barta et al., 2023; Chen 
et al., 2021; Erdmann et al., 2021; Gatter et al., 2021; H. C. Kim & Hyun, 2016; Papakostas 
et al., 2023; Rauschnabel et al., 2019; Rumokoy & Frank, 2025; Trivedi et al., 2022), con
sumer engagement (Moriuchi et al., 2021), consumer attitude (Ahmad et al., 2023; Plotkina 
et al., 2022; Saleem et al., 2021), and social benefits (K. Y. Wang et al., 2023). Thus, 
experience quality, technology performance, positive consumer affection, and perceived 
benefits are among the reasons for the positive marketing effects of AR. Furthermore, 
the literature shows that technology characteristics (Huang et al., 2019; Jessen et al., 
2020; Nugroho & Wang, 2023; Poushneh & Vazquez-Parraga, 2017), consumer motiv
ation (Ahmad et al., 2023; Gatter et al., 2021; McLean & Wilson, 2019; Watson et al., 
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Table 1. Positioning in the empirical literature about the marketing effects of AR.

Setting of study Results

Authors (Year) Industries Countries Sample size Dependent variable Effects of independent variables
Mediators of these 

effects
Moderators of these 

effects

Di Serio et al. 
(2013)

Education Spain 55 (students) Students’ motivation 
to study course

AR systems/technology (+) – –

Chung et al. 
(2015)

Tourism South 
Korea

145 Tourist visit intention AR attitude/positive feeling 
about AR (+)

– –

Kim & Hyun 
(2016)

Telecom South 
Korea

134 (students) AR reuse intention System quality (+), information 
quality (+), service quality 
(+)

Usefulness (+), 
telepresence (+)

–

Poushneh & 
Vazquez- 
Parraga (2017)

Retail USA 99 User willingness to 
buy, user 
satisfaction

AR apps (+) User experience 
(+)

Price-value trade-off 
(+), user information 
privacy control (+)

Rauschnabel et al. 
(2017)

Game Germany 642 Behavioral intention AR attitude (+) –

Watson et al. 
(2018)

Fashion Switzerland 162 Purchase intention Augmentation effect (+) Positive affective 
response (+)

Hedonic motivation (+)

Huang et al. 
(2019)

Retail Taiwan 207 Rapport experience AR services (+) – Body surveillance (+), 
fashion consciousness 
(+)

Khan et al. (2019) Education South 
Africa

78 (students) Learning motivation AR mobile applications (+) – –

McLean & 
Wilson (2019)

Retail UK 441 Brand engagement AR mobile applications (+) Technology 
attributes (+), 
subjective 
norms (n.s.)

Purpose of use (+)

Rauschnabel et al. 
(2019)

Retail Germany 201 Changes in brand 
attitude

Augmentation quality (+) Consumer 
inspiration (+)

–

Wang et al. 
(2019)

Fashion South 
Korea

202 Flow experience, 
decision comfort

AR apps (+) Spatial presence 
(+)

–

Cranmer et al. 
(2020)

Tourism Germany 15 (managers) Perceived value AR systems/technology (+) – –
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Haile & Kang 
(2020)

Retail Korea 188 (students) Purchase intention AR mobile applications (+) Consumer 
cognition (n.s.), 
consumer 
affection (+)

–

Jessen et al. 
(2020)

Retail Europe 106 Anticipated 
satisfaction

AR use (+) – Assessment orientation 
(+)

Chen et al. (2021) Retail Taiwan 137 Behavioral response AR apps (+) Consumer 
perception (+)

–

Chiu et al. (2021) Retail China 426 Individual net 
benefits

AR apps (+) User satisfaction 
(+), 
continuance 
intention to use 
(+)

–

Christ- 
Brendemühl & 
Schaarschmidt 
(2021)

Retail Germany 215 Distributive fairness, 
procedural 
fairness, price 
fairness

AR-enabled customer 
participation (−)

– –

Erdmann et al. 
(2021)

Retail Spain 253 (students) Perceived value AR app dimensions (+) Perceived benefits 
(+), perceived 
costs difficulty 
(−)

–

David et al. 
(2021) (AR 
scenario only)

Retail USA 102 Recommendation 
intention

AR environmental stimulus (+) Customer 
experience 
(satisfaction) 
(+)

–

Gatter et al. 
(2021) (study 3 
only)

Retail Germany 92 Purchase intent AR feature type (n.s.) Utilitarian benefits 
(+)

Autotelic need for touch 
(+)

Moriuchi et al. 
(2021)

Retail USA 68 Attitude toward firm Attitude toward AR/chatbot (+) Technology 
engagement (+)

–

Pozharliev et al. 
(2022) (study 1 
only)

Retail Europe 60 Willingness to pay AR advertising (+) – –

(Continued) 
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Table 1. Continued.

Setting of study Results

Authors (Year) Industries Countries Sample size Dependent variable Effects of independent variables
Mediators of these 

effects
Moderators of these 

effects

Saleem et al. 
(2021)

Education Pakistan 133 (students) E-learning intention AR apps (+) Attitude (+), 
subjective 
norms (+), 
perceived 
behavioral 
control (+)

–

Trivedi et al. 
(2022)

Fashion USA 343 Online impulse 
buying intention

Perceived augmented quality 
(+)

Perceived value 
(+)

Product involvement (n. 
s.)

Ahmad et al. 
(2023)

Tourism China 484 Future destination 
intention

Augmentation quality (+) Perceived 
usefulness (+), 
AR attitude (+)

Expected enjoyment of 
destination (+)

Alimamy & Al- 
Imamy (2022)

Retail Saudi 
Arabia

286 Consumer attitudes Perceived AR app dimensions 
(+)

Experience quality 
(+)

–

Anand et al. 
(2023)

Tourism India 204 Reuse intention AR-based apps dimension (+) User satisfaction 
(+)

–

Papakostas et al. 
(2023)

Education Greece 220 (students) Attitude towards 
using AR

Perceived ease of use (+), 
quality output (+), 
playfulness (+)

Perceived 
usefulness (+)

–

Plotkina et al. 
(2022)

Fashion France 282 (students) Perceived brand 
personality

Perceived AR app experience 
(+)

Attitude toward 
the AR app (+)

Consumer 
characteristics (+)

Zanger et al. 
(2022)

Retail Germany 238 (students) Behavioral responses AR-based product presentations 
(+)

Affective 
responses (+), 
cognitive 
responses (+)

–

Barta et al. (2023) Fashion USA 256 Prepurchase 
cognitive 
dissonance

AR apps (n.s.) Perceived 
similarity (+), 
confusion by 
overchoice (+)

–

Nugroho & Wang 
(2023)

Retail Indonesia 160 Switching behavior AR systems/technology (−) Perceived 
performance 
risk (−)

Information asymmetry 
(+)
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Wang et al. 
(2023)

Fashion Canada 528 Customer-to- 
customer 
relationship

Social AR app usage (+) Shared sense of 
place (+), social 
interaction (+), 
social identity 
(+)

Extraversion (+)

Cheng et al. 
(2024)

Tourism China 295 Perceived ease of use, 
perceived 
usefulness

AR quality (+) Aesthetic 
experience (+), 
escapist 
experience (+)

–

Rumokoy & 
Frank (2025)

Retail Indonesia 302 Perceived product 
value

Perceived AR app performance 
(+)

AR app-product 
evaluation fit 
(+)

AR knowledge (−), e- 
commerce knowledge 
(+), conscientiousness 
(−), openness (+)

This article 
(2025)

Retail China, 
Japan

1661 Brand loyalty AR app quality attributes: 
interactivity (+), system 
quality (+), product 
informativeness (+), reality 
congruence (+)

Brand online trust 
(+)

E-commerce experience 
(+), market digital 
competitiveness (−/+)

Notes: (+)/(−)/(n.s.): positive/negative/non-significant effect.
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2018), consumer characteristics (Plotkina et al., 2022; Rumokoy & Frank, 2025; 
K. Y. Wang et al., 2023), and e-commerce knowledge (Rumokoy & Frank, 2025) moderate 
the marketing effectiveness of AR. Thus, the effectiveness of AR varies across contexts.

Our study extends this literature by not only demonstrating that AR has general market
ing benefits, but also by being the first study to identify the specific quality dimensions of 
AR apps that drive their success in increasing customer loyalty as a behavioral marketing 
outcome. Furthermore, our study is the first to suggest a role for trust as a mediator of the 
marketing effects of AR. In addition, we conduct the first cross-country study on the effects 
of AR and identify new moderators of the marketing effects of AR (e-commerce experi
ence, market digital competitiveness).

2.2. The problem of low trust in online shopping

Effects of trust on consumer behavior. Consumer trust is a consumer’s belief in the truth
fulness of information (e.g. marketing content), the reliability of processes (e.g. delivery), 
and the ability of a firm to deliver on its promises and provide a satisfactory experience in 
an economic transaction (Hu et al., 2022; Merriam-Webster, 2023). Trust is very important 
in high-risk consumption contexts, such as in e-commerce, where anonymous sellers, who 
are often difficult to contact, can easily spread untrue content and renege on their promises 
(Oliveira et al., 2017). In such contexts, trust helps reduce consumers’ perceptions of risk, 
giving them confidence that future problems are unlikely to occur and encouraging them to 
purchase products (D. J. Kim et al., 2008). Thus, by increasing consumer trust, firms can 
increase the likelihood that consumers will make initial purchases, engage in repeat trans
actions, and develop ongoing relationships with the firm (Kassim & Asiah Abdullah, 2010; 
Pavlou, 2003). Consequently, building and maintaining trust is a central focus for e-com
merce firms (Shankar et al., 2002).

The crisis of low online trust. Corporate scandals, online fraud, and violations of consu
mers’ private data have eroded consumers’ trust in corporate activities, especially in online 
environments, and limited their purchasing potential (Acquisti & Grossklags, 2005; Whitty 
& Buchanan, 2012). Thus, marketers need to find ways are to help rebuild consumers’ online 
trust, that is, trust in the digital marketing content presented by firms in an online environ
ment. Our research objective is to explore how critical AR app quality attributes can play 
a role in increasing consumers’ online trust and, in turn, their loyalty.

2.3. Trust theory

To develop our hypotheses, we build on trust theory (Mayer et al., 1995). It defines trust as 
the willingness of the trustor (here, the consumer) to be vulnerable to the actions of a 
trustee (here, a firm or brand), with the expectation that the trustee will take critical 
actions to justify this trust and that the trustor will have some degree of control over the 
trustee. In digital marketing, trust theory emphasizes the role of the trustee’s (i.e. 
brand’s) trustworthiness attributes (ability, benevolence, and integrity) in shaping the 
trust of the trustor (i.e. consumer). In this context, ability refers to a brand’s perceived 
capability, which includes the possession of skills, knowledge, competencies, and attri
butes necessary to perform specific tasks (Smith & Barclay, 1997). Benevolence 
denotes a brand’s perceived desire to benefit consumers beyond self-interest (Mayer 
et al., 1995), reflecting benign motives and genuine concern. Integrity represents a 
brand’s perceived commitment to principles acceptable to consumers, including keeping 
promises, following rules, and preventing the exploitation of loopholes that could 
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compromise consumers’ rights and interests (Isaeva et al., 2020). In addition, consumer 
characteristics and experiences may moderate this trust formation process (Y. T. Hung 
et al., 2004; Mayer et al., 1995). Once formed, trust then increases the trustor’s willingness 
to take risks (Mayer et al., 1995), such as the consumer’s willingness to repurchase from 
the same brand, that is, customer loyalty (Hu et al., 2022). In our research, we argue that 
AR enhances the tangibility of the brand’s digital marketing content, thereby improving 
consumers’ perceptions of the brand’s ability, integrity, and benevolence (trustworthiness 
factors), resulting in higher trust and, in turn, loyalty.

2.4. Intended contributions of this research

Our article aims to make three theoretical contributions to the literature on the marketing 
effects of AR and trust theory. First, it is the first article to examine how AR affects the 
formation of consumer trust, which is a key driver of product adoption, especially in 
online contexts (Aljifri et al., 2003). As outlined in our literature review, numerous pre
vious studies report positive effects of AR apps on various consumer behaviors and 
market contexts. Given the perceived risks consumers face in the digital marketplace, 
brand online trust emerges as a critical component for firms seeking to increase consumer 
purchases and loyalty. Our research extends trust theory (Mayer et al., 1995) to the AR app 
context by being the first to highlight the crucial role of brand online trust (S. W. Hung 
et al., 2012) in mediating the effects of AR app quality attributes on customer loyalty. 
That is, while previous studies often consider customer satisfaction as the key mediator 
of the effect of quality on customer loyalty, we argue that brand online trust plays a 
crucial mediating role in the context of AR apps for e-commerce transactions, where over
coming low trust is key to commercial success (Shankar et al., 2002).

Second, we develop a unique set of AR app quality attributes that we predict will be 
effective in increasing consumer trust and, through mediation, consumer loyalty. That 
is, we argue that not all AR apps, but only well-designed AR apps that achieve high 
quality on critical attributes, effectively increase consumer trust and loyalty. From a theor
etical perspective, since trust theory considers trustworthiness factors as antecedents to 
trust formation (Mayer et al., 1995), we examine the role of our proposed set of critical 
AR app quality attributes in strengthening trustworthiness factors and thereby increasing 
trust. Thus, we extend trust theory by integrating critical AR app quality attributes into 
trust formation.

Third, we examine the variation of these effects across market segments and conduct 
the first cross-country study of the effects of AR. In doing so, we explore the previously 
neglected moderating role of consumer e-commerce experience and market digital compe
titiveness. As only a limited number of moderators of the mechanisms of trust theory have 
been examined (Y. T. Hung et al., 2004), we extend trust theory by exploring the effects of 
micro-market environments and individual characteristics on trust formation, thus identi
fying new boundary conditions for the predictive validity of trust theory.

From a practical perspective, our research aims to guide firms in designing AR apps 
that can increase consumer trust and loyalty in different markets.

3. Hypotheses

3.1. Conceptual model: AR as a way of building consumer trust and loyalty

Based on trust theory (Mayer et al., 1995), we argue that AR helps firms build consumer 
trust by increasing the tangibility of digital marketing content. The tangibility increases 
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consumers’ perceived ability, benevolence, and integrity (trustworthiness factors) of a 
brand, which contributes to brand online trust and, thereby, loyalty. Thus, a design of 
AR apps that succeeds in increasing tangibility in a way that resembles an offline experi
ence with a product will lead to higher trust in the digital content (i.e. online trust). More
over, we argue that the effectiveness of AR apps in building trust depends on consumer 
needs and thus varies across consumer segments. Figure 1 presents the research framework 
of our study, which predicts the main effects of AR app quality attributes on consumer trust 
and, through mediation, on brand loyalty and predicts differences across consumer market 
segments.

3.2. The trust-building role of different AR app quality attributes

Interactivity. The interactivity of an AR app is the extent to which users can actively 
engage in real-time modifications of the structure and content of a mediated environment 
(Steuer, 1992). Interactivity not only serves as a source of entertainment for users (Tian & 
Frank, 2024), but also provides them with the ability to personalize information within a 
three-dimensional virtual model (Fiore et al., 2005; Herbas Torrico & Frank, 2019). Pre
vious studies have shown that users derive more satisfaction from interacting with virtual 
objects than from handling or observing physical objects (Li et al., 2001). AR interactivity 
plays a critical role in facilitating consumers’ comprehensive examination of virtual pro
ducts, allowing them to view virtual products from multiple perspectives and conveniently 
position them in their immediate environment. Such virtual interactivity is similar to how 
consumers would touch, move, and interact with actual physical products in their environ
ment and is likely to make the virtual representation of the product appear tangible (Z. 
Cheng et al., 2022). This increased product tangibility mitigates consumers’ lack of 
product knowledge and helps them understand not only the benefits of the product, but 
also its weaknesses. Therefore, it enhances consumers’ perceptions of the focal brand’ 
ability to provide a superior product without having to hide anything (Tomlinson & 
Schnackenberg, 2022), its integrity to act in the consumer’s interest (Isaeva et al., 
2020), and its benevolence to benefit consumers beyond its self-interest to quickly close 

Figure 1. Conceptual framework and hypotheses.
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a sale (C. W. Tan et al., 2008). In turn, trust theory (Mayer et al., 1995) predicts that a con
sumer’s perception of the brand’s ability, integrity, and benevolence will lead to consumer 
trust in the digital product information provided by the brand (i.e. brand online trust). 

H1a: The interactivity of an AR app has a positive effect on brand online trust.

System quality. System quality refers to the speed and reliability of an AR app, ensuring its 
proper functioning and usability (DeLone & McLean, 2003). High system quality allows 
consumers to efficiently navigate the AR app, effectively acquire product information, and 
perceive a seamless fusion between the virtual stimuli and the real environment presented 
in the AR app (Hilken et al., 2017), making the virtual product information appear tangible. 
In contrast, low system quality leads to unrealistic delays and app crashes that disrupt the 
experience, limiting the potential of the AR app to increase tangibility (Hilken et al., 2017). 
As explained above, tangibility increases consumers’ perceptions of the ability, integrity, 
and benevolence of the brand delivering the digital marketing content (C. W. Tan et al., 
2008), which trust theory predicts will increase brand online trust (Mayer et al., 1995). 

H1b: The system quality of an AR app has a positive effect on brand online trust.

Product informativeness. Product informativeness is the wealth of information about a 
focal product conveyed by the AR app. It provides consumers with information relevant 
to purchase decisions. Prior research reports that AR apps are perceived as valuable due 
to the information they provide (Olsson et al., 2013). Higher product informativeness in 
the AR app leads to richer and clearer information about a product, thereby reducing infor
mation asymmetry and making the product appear more tangible (Walters et al., 2012). As 
explained above, tangibility increases consumers’ perceptions of the ability, integrity, and 
benevolence of the brand delivering the digital marketing content (C. W. Tan et al., 2008), 
which trust theory predicts will increase brand online trust (Mayer et al., 1995). 

H1c: The product informativeness of an AR app has a positive effect on brand online trust.

Reality congruence. Reality congruence is the ability of an AR app to create a realistic 
mediated environment by integrating the sensory experiences associated with real-world 
objects and the non-sensory experiences of imaginary objects to form a distinct, vivid 
mental image for the individual (Steuer, 1992). Such a seamless, realistic integration of 
the virtual product with the consumer’s own environment enables consumers to more 
effectively evaluate how a product fits with their needs in their natural environment, 
such as their home or daily life (Lee, 2004). Moreover, such realism is associated with 
a more visually accurate product presentation with benefits such as clarity, detail, sharp
ness, and well-defined features (Flavian et al., 2017; Griffith & Gray, 2002; Yim et al., 
2017), which make the product appear more tangible and help consumers evaluate the 
product (Orús et al., 2017). As explained above, tangibility increases consumers’ percep
tions of the focal brand’s ability, integrity, and benevolence (C. W. Tan et al., 2008), which 
trust theory predicts will increase brand online trust (Mayer et al., 1995). 

H1d: The reality congruence of an AR app has a positive effect on brand online trust.

3.3. The effects of augmented reality app quality on trust: differences across 
consumer segments

E-commerce experience. E-commerce experience is the cumulative psychological impact 
of customer engagement across multiple touchpoints with online shopping environments 
(Bleier et al., 2019; Novak et al., 2000; Rose et al., 2012; Trevinal & Stenger, 2014). 
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Consumers with extensive e-commerce experience use their accumulated knowledge to 
skillfully imagine and evaluate whether digital information about products meets their 
needs (Jeong & Yeu, 2023), thereby strengthening the effect of product informativeness 
on the perceived tangibility of the presented product-related brand. This skill stems 
from their continuous practice and learning from past mistakes in inferring product charac
teristics from digital information (Bleier et al., 2019). In turn, as explained above, this 
increased tangibility would enhance consumers’ perception of the focal brand’s ability, 
integrity, and benevolence (C. W. Tan et al., 2008), which trust theory predicts will 
then lead to increased brand online trust (Mayer et al., 1995). Thus, we posit that consu
mers with more e-commerce experience have a greater ability to perceive digital 
product information as tangible, thereby enhancing the trustworthiness attributes of the 
presented product-related brand, allowing these consumers to trust and rely on the brand 
more. 

H2: The product informativeness of an AR app has a stronger positive effect on brand online 
trust for consumers with more e-commerce experience.

Market digital competitiveness. Market digital competitiveness is the extent to which firms 
compete in a consumer market (such as a national market) by offering superior digital sol
utions, which means offering more digital products or services and making more concerted 
efforts to ensure their system quality (Chi, 2018; Qin et al., 2022). In such a competitive 
market environment, consumers become accustomed to firms that offer digital apps with 
superior system quality (Shahid et al., 2022). Thus, we posit that they become less tolerant 
of AR apps with inferior system quality as they perceive superior alternatives, making 
system quality a more important factor in the formation of tangibility perceptions that 
lead to perceptions of the focal brand’s ability, benevolence, and integrity (C. W. Tan 
et al., 2008) and thus to trust as predicted by trust theory (Mayer et al., 1995). 

H3a: The system quality of an AR app has a stronger positive effect on brand online trust for 
consumers in a market with higher digital competitiveness.

Similarly, in markets with high digital competitiveness, where consumers have become 
accustomed to using superior digital solutions, they accept the digital world as a familiar 
reality connected to the reality of the offline world (Mo et al., 2015; Zhao et al., 2015). 
Thus, AR app reality congruence is likely more important for increasing consumer percep
tions of product tangibility for consumers from less digitally competitive environments, 
whereas consumers from more digitally competitive environments may still be able to 
make valid inferences from digital content with lower reality congruence, thanks to 
their familiarity with and experience in relating digital content to the real world. As 
explained, tangibility would then increase consumers’ perceptions of the focal brand’s 
ability, integrity, and benevolence (C. W. Tan et al., 2008), which trust theory predicts 
will increase brand online trust (Mayer et al., 1995). 

H3b: The reality congruence of an AR app has a weaker positive effect on brand online trust 
for consumers in a market with higher digital competitiveness.

3.4. The effect of AR app quality on brand loyalty: mediation by brand online trust

In H1a-d, we argue that our focal AR app quality attributes (i.e. interactivity, system 
quality, product informativeness, and reality congruence) increase brand online trust. In 
turn, trust theory predicts that trust increases the consumer’s (i.e. trustor’s) willingness 
to take risks in dealing with the brand (i.e. the trustee) (Mayer et al., 1995), such as to 
repurchase products from that brand, that is, brand loyalty (Chaudhuri & Holbrook, 
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2001; Hu et al., 2022). Therefore, we posit that brand online trust mediates the effects of 
our focal AR app quality attributes on consumers’ brand loyalty. 

H4a: Brand online trust mediates the effect of the interactivity of an AR app on brand loyalty.
H4b: Brand online trust mediates the effect of the system quality of an AR app on brand 
loyalty.
H4c: Brand online trust mediates the effect of the product informativeness of an AR app on 
brand loyalty.
H4d: Brand online trust mediates the effect of the reality congruence of an AR app on brand 
loyalty.

4. Methodology

4.1. Measures

We conducted a survey about consumers’ actual experiences with AR apps for real brands. 
It measured our focal variables using 7-point Likert-type multi-item scales and additional 
control variables using objective data. Table 2 lists all measures and their literature 
sources.

4.2. Data collection and sample

We conducted an online survey that asked consumers to choose one of multiple brands, 
watch a video about the AR app of that brand (Amazon: AR view feature in Amazon 
app; Ikea: Ikea Place app; iStaging: iStaging Interior Design app; Easyhome: Unity AR 
Foundation app), and then try out the AR app. Our survey used multiple brands because 
the perceived quality of AR apps varies both between brands offering different AR apps 
and between consumers who differ in their subjective experience with the same AR 
app. We used several attention checks to ensure that respondents were not bots, were actu
ally watching the video, were using the AR app, and were reading our questions before 
answering them. The attention checks included a requirement to upload a screenshot of 
the respondent using the AR app. Only respondents who passed all attention checks qua
lified for inclusion in our data. We developed the questionnaire in English and translated it 
into Chinese/Japanese and back for review. Due to the anonymous and non-invasive nature 
of our study, our university did not require ethics approval. Informed consent was obtained 
from all subjects.

After conducting pre-surveys in both countries to refine the scales and optimize the 
text, we recruited participants for our main survey from recognized online panels with 
nationwide geographic reach across all consumer segments that pay respondents a 
nominal fee: Credamo in China (Tian & Frank, 2024) and Yahoo Crowdsourcing in 
Japan (Park et al., 2022). By using random sampling in these established online panels, 
all respondents within these nationwide panels in Japan and China had an equally fair 
chance of being selected. This approach ensured a representative sample that also 
matched the actual user base of AR apps (Sharma, 2017). Our data collection resulted 
in a final sample of 1661 respondents (China: 330; Japan: 1331). Specifically, 300 is a 
good sample size and 1000 is an excellent sample size (Comrey & Lee, 2013; Gorsuch, 
2014). Based on these recommendations, we collected data from more than 300 respon
dents in China in mid-February 2023. After validating the results, to enhance the validity 
of our statistical analysis, we collected data from more than 1300 respondents in Japan in 
late February and early March 2023. Taking advantage of the opportunity to collect more 
data in Japan (1331 instead of only 330) in no way reduces the validity of our analysis, but 
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Table 2. Measures.

QUESTIONNAIRE (7-point Likert-type scales; anchors: completely disagree/agree)

E-commerce experience (Rumokoy & Frank, 2025; Thong et al., 2002)
1. I have purchased many products on e-commerce.
2. I often purchase products on e-commerce.
3. I spend time purchasing products on e-commerce.

Interactivity (Rumokoy & Frank, 2025; Yim et al., 2017)
1. I can smoothly interact with the virtual product presentation in the AR app for insights about the 

looks of the product.
2. I can smoothly interact with the virtual product presentation in the AR app for insights into 

whether it meets my needs.
3. The level of my interaction with the virtual product presentation in the AR app is outstanding.

System quality (Rumokoy & Frank, 2025; Yim et al., 2017)
1. The AR app is responsive to my requests and provides good results.
2. The AR app performs its functions quickly and efficiently.
3. The AR app has reliable quality (i.e. runs without errors).
4. The AR app works smoothly and precisely.

Product informativeness (Rumokoy & Frank, 2025; Yim et al., 2017)
1. The AR app shows the product information I expected.
2. The AR app provides detailed information about the products.
3. The AR app provides complete information about the products.
4. The AR app provides product information that helps me in my purchasing decision.
5. The AR app provides information to compare products.

Reality congruence (Rumokoy & Frank, 2025; Yim et al., 2017)
1. The AR app presents the product design realistically.
2. The AR app presents products as if they were real.
3. The product design shown by the AR app is the same as in reality.
4. The product design shown by the AR app is visually similar to reality.
5. The product design shown by the AR app matches reality.

Brand online trust (Thong et al., 2002)
1. I trust the digital marketing content provided by this brand.
2. I feel comfortable relying on the digital marketing content provided by this brand.
3. I feel safe relying on the digital marketing content provided by this brand.

Brand loyalty (second-order factor extracted from purchase intent and AR word of mouth)
Purchase intent (Hausman & Siekpe, 2009; pooled: α = .94, AVE = .84; China: α = .88, AVE = .72; 

Japan: α = .93, AVE = .82)
1. I will soon buy products from this brand.
2. I intend to buy products from this brand in the near future.
3. I will likely buy products from this brand in the next 6 months.
AR word of mouth (Goyette et al., 2010; pooled: α = .97, AVE = .92; China: α = .89, AVE = .73; 

Japan: α = .97, AVE = .91)
1. I will recommend this AR app to others.
2. I will recommend that others try out this AR app.
3. I will tell others that this AR app is great.

OBJECTIVE MEASURES

Female gender: 1: female; 0: male.
Age: specific age of respondent.
Purchase frequency: number of purchases from this brand in the past 12 months
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Table 3. Correlations and descriptive statistics of multi-item constructs.

Variables

Pooled data (China and Japan) China Japan

1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7

1 Interactivity
2 System quality .72 .52 .64
3 Product informativeness .66 .80 .47 .58 .56 .75
4 Reality congruence .62 .81 .79 .52 .67 .64 .51 .76 .73
5 E-commerce experience .42 .38 .40 .37 .41 .29 .19 .29 .23 .18 .20 .17
6 Brand online trust .58 .68 .68 .69 .37 .45 .61 .60 .58 .16 .47 .58 .59 .61 .19
7 Brand loyalty .61 .66 .67 .64 .47 .75 .49 .59 .55 .58 .26 .63 .47 .52 .54 .51 .27 .68

Descriptive statistics:
Mean 4.66 4.90 4.79 5.05 4.73 4.82 4.38 6.06 5.97 5.87 6.05 6.31 5.78 5.76 4.31 4.64 4.53 4.81 4.34 4.59 4.04
Standard deviation 1.38 1.08 1.06 1.05 1.57 1.06 1.24 .67 .65 .71 .63 .59 .71 .82 1.29 1.00 .97 .98 1.48 .99 1.08
Cronbach’s α .94 .95 .94 .94 .95 .96 .82 .79 .83 .86 .86 .76 .85 .72 .93 .94 .93 .93 .94 .96 .73
AVE .85 .82 .76 .76 .87 .88 .69 .56 .56 .55 .55 .54 .66 .56 .83 .81 .73 .73 .86 .88 .58
Maximum shared  

variance
.52 .65 .64 .65 .22 .57 .57 .27 .44 .41 .44 .16 .39 .39 .41 .58 .57 .58 .07 .47 .47

Number of measurement  
items

3 4 5 5 3 3 6 3 4 5 5 3 3 6 3 4 5 5 3 3 6

Notes: All correlations are significant at p < .05. Sample size: 1661 (China: 330; Japan: 1331).
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rather increases the power to test our hypotheses. For example, if the true correlation 
between two variables is .1, then the probability of detecting it (i.e. the statistical 
power) at p < .05 is 44.2% in a sample of 330 respondents, which increases to 95.5% in 
a sample of 1331 respondents (University of Vienna, 2025).

Due to the established nature and national coverage of the panels used, the samples 
from Japan and China had a similar distribution, reflecting their respective populations. 
Overall, ages ranged from 15 to 87 years, with the mean age (44 years) close to the 
mean age of China and Japan (45 years) (World Population Review, 2024). The 
samples were 42.4% female, which is consistent with the higher male interest in technol
ogies such as AR (Frank et al., 2015, 2021) and the male population surplus in China (CIA, 
2023). A comparison of means (see Table 3) shows that the quality of AR apps appears to 
be much higher in China than in Japan, which is consistent with the digital competitiveness 
of the market in China being much higher than in Japan (IMD, 2023). For these and all 
other analyses in our research, we used the statistical software packages SPSS 29.0 and 
AMOS 24.0.

4.3. Data validity

Convergent and discriminant validity. Our analysis uses three datasets: China, Japan, and a 
pooled China–Japan dataset. As shown in Table 3 (and in Table 2 for the first-order factors 
underlying the second-order factor of brand loyalty), the constructs in all three datasets 
consistently satisfy standard criteria for convergent validity. Specifically, average variance 
extracted (AVE) > .5, Cronbach’s α > .7, and composite reliability (CR) > .7 (Hair et al., 
2010). The constructs also consistently fulfill the standard criteria for discriminant validity, 
as all AVE values surpass the maximum squared correlations between the focal variable 
and all other constructs (Fornell & Larcker, 1981; Hair et al., 2010).

Moreover, confirmatory factor analysis (CFA) confirms the model fit adequacy in the 
following datasets: China (χ2/df = 1.36, CFI = .98, GFI = .91, AGFI = .89, RMSEA = .03, 
upper limit of the 90% RMSEA confidence interval (UCI) = .04), Japan (χ2/df = 4.12, 
CFI = .98, GFI = .93, AGFI = .91, RMSEA = .05, UCI = .05), and the pooled dataset (χ2/ 
df = 4.73, CFI = .98, GFI = .93, AGFI = .91, RMSEA = .05, UCI = .05). These values 
align with established criteria for a satisfactory fit: χ2/df <  5, CFI ≥ .95, GFI ≥ .90, 
AGFI ≥ .85, RMSEA ≤ .07, and UCI ≤ .1 (Hair et al., 2010; Schermelleh-Engel et al., 
2003).

Common method variance (CMV). To reduce the potential for CMV, we combined 
multi-item scales with objective measures and used multiple attention checks to ensure 
that only focused respondents who read our questions carefully, one at a time, were able 
to complete the questionnaire. To test for CMV, we used Harman’s single-factor test (Pod
sakoff et al., 2003). In all datasets, a single factor accounts for well below 50% of the var
iance, indicating that CMV does not compromise our results. Moreover, consistent with the 
approach of Darley and Lim (2018), we compared the fit of a CFA model in which all indi
cators loaded on a single factor to another CFA model that included several distinct factors. 
If method variance is the primary source of covariance among the measures, a single-factor 
CFA model will adequately fit the data. However, a single-factor CFA model of our pooled 
data showed a poor (Hair et al., 2010) fit (pooled data: χ2/df = 61.31, CFI = .62, GFI = .45, 
AGFI = .37, RMSEA = .19, and UCI = .19), which was significantly worse than the model 
fit of our multi-factor CFA model (χ2/df = 4.73, CFI = .98, GFI = .93, AGFI = .91, RMSEA  
= .05, UCI = .05). This suggests that CMV would not seriously bias our results (Podsakoff 
et al., 2003).
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5. Results

5.1. Hypothesis tests

Model structure. To test H1 to H3, we used moderated regression analysis, which is an 
ideal method for testing the combined effects of independent and moderating variables 
and allows the inclusion of single-item objective measures as control variables (Hair 
et al., 2010), on three datasets from a total of 1661 consumers (China, Japan, and 
pooled China–Japan data). Brand online trust is the dependent variable. Independent vari
ables include the four dimensions (H1a–d) of AR app quality (interactivity, system quality, 
product informativeness, and reality congruence), e-commerce experience and its inter
action with product informativeness (H2), market digital competitiveness (1: China; 0: 
Japan; only in the pooled dataset) and its interaction with system quality and reality con
gruence (H3a/b). Control variables include consumer gender (1: female; 0: male), age, and 
purchase frequency (number of purchases from the focal brand in the past 12 months). All 
variables were standardized prior to calculating the interaction terms. Multicollinearity is 
not an issue as all variance inflation factors are less than 5, well below the established 
cutoff of 10 (Akinwande et al., 2015; Mason & Perreault, 1991).

Table 4 presents the results of the hypothesis tests (H1–H3). The independent variables 
explain 55.7%, 51.2%, and 44.3% (adjusted R2) of the variance in brand online trust in the 
pooled China–Japan analysis and in separate analyses for China and Japan, respectively.

Table 4. The effect of AR quality attributes on brand online trust.

Country

Independent variables Pooled China Japan

β  β β

Control variables:
Intercept −.036† −.018 −.008
Female gender (1: female; 0: male) −.010 −.077 .000
Age .020 .151*** .022
Purchasing frequency .078*** .030 .091***
E-commerce experience .031 −.037 .027
Market digital competitiveness (1: China; 0: Japan) .028

AR app quality dimensions:
Interactivity (H1a: +) .107*** .067 .111***
System quality (H1b: +) .152*** .290*** .097*
Product informativeness (H1c: +) .245*** .272*** .223***
Reality congruence (H1d: +) .271*** .159** .308***

Differences across consumer markets:
E-commerce experience × Product informativeness (H2: +) .044** .095* .041*
Market digital competitiveness × System quality (H3a: +) .105**
Market digital competitiveness × Reality congruence (H3b: 
−)

−.071*

Fit statistics:
Adjusted R2 .557 .512 .443

Notes: †p < .1; *p < .05; **p < .01; ***p < .001 (two-sided). Sample size: 1661 (China: 330; Japan: 1331). All 
variables standardized before calculating interaction terms.

Total Quality Management & Business Excellence 775



Main effects. As shown in Table 4, virtually all AR app quality attributes have positive 
effects on brand online trust (supporting H1a–d): interactivity (βPooled = .107, βJP = .111, 
both p <  .001), system quality (βPooled = .152, βCN = .290, both p <  .001; βJP = .097, p  
<  .05), product informativeness (βPooled = .245, βCN = .272, βJP = .223; all p <  .001), and 
reality congruence (βPooled = .271, p <  .001; βCN = .159, p <  .01; βJP = .308, p <  .001). 
As an exception, the effect of interactivity (H1a) on brand online trust in China is not sig
nificant (βCN = .067, p > .10), but our follow-up analyses in the pooled dataset confirm that 
this effect is not statistically different from the significant positive effect of interactivity in 
Japan. In addition, power analysis (University of Vienna, 2025) shows that a presumably 
identical result would have led to significant (p <  .05) support for H1a in China if the 
Chinese sample size had matched the Japanese sample size (1331). Of the four AR app 
quality attributes, interactivity appears to have the weakest effect.

Moderating effects. As shown in Table 4, the consumers’ e-commerce experience posi
tively moderates the effect of product informativeness and consumers’ online trust in the 
pooled analysis (β = .044, p <  .01) as well as in the separate analyses for China (β = .095, p  
<  .05) and Japan (β = .041, p <  .05), supporting H2. The analysis of the pooled China– 
Japan data shows that market digital competitiveness (i.e. China as compared with 
Japan) positively moderates the effect of system quality on brand online trust (β = .105, 
p <  .01) and negatively moderates the effect of reality congruence (β = −.071, p <  .05). 
Thus, H3a and H3b are supported. Figure 2 visualizes these moderating effects based 
on at least marginally significant coefficients.

The mediating role of brand online trust. Consistent with our conceptual model (see 
Figure 1) and supporting H4a–d, further analyses show that brand online trust mediates 
all supported hypothesized effects on customer loyalty. Specifically, the AR app quality 
attributes have a significant positive overall effect on brand loyalty: interactivity (βPooled

= .155, p <  .001; βCN = .140, p <  .01; βJP = .176, p <  .001), system quality (βPooled = .096, 
p <  .01; βCN = .253, p <  .001; βJP = .072, p <  .10), product informativeness (βPooled = .231, 
p <  .001; βCN = .166, p <  .01; βJP = .248, p <  .001), and reality congruence (βPooled = .174, 
βCN = .206, βJP = .186, all p <  .001). These effects become significantly weaker when 
brand online trust is added as a predictor, which strongly influences customer loyalty 
(βPooled = .452, βCN = .272, βJP = .509, all p <  .001). Following Baron and Kenny’s 
(1986) approach, we provide more details on the direct and indirect (i.e. mediated by 
brand online trust) effects of the AR app quality attributes on brand loyalty for our 
pooled dataset. Interactivity has significant direct (β = .108, p <  .001) and indirect (β  
= .048, p <  .001) effects on brand loyalty, indicating partial mediation (supporting H4a). 
System quality has only a significant indirect (β = .069; p <  .001) effect, but no direct 
effect, on brand loyalty, indicating full mediation (supporting H4b). Product 

Figure 2. Interaction plots for hypothesized moderating effects.
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informativeness has significant direct (β = .123, p <  .001) and indirect (β = .111, p <  .001) 
effects on brand loyalty, indicating partial mediation (supporting H4c). Finally, reality 
congruence has only a significant indirect (β = .123; p <  .001) effect, but no direct 
effect, on brand loyalty, indicating full mediation (supporting H4d). Taken together, 
these results fully support the mediating role of brand online trust (H4a–d). They also 
suggest that interactivity and product informativeness have additional direct, unmediated 
effects on brand loyalty, possibly due to the hedonic and utilitarian value derived from 
interactivity and product information (Tian & Frank, 2024).

5.2. Robustness tests

Squared independent variables. To test our hypotheses for non-linearity, we conducted a 
robustness test by adding squared terms of all non-binary independent and moderating 
variables to the regression models. Adding these terms does not alter the conclusions of 
the hypothesis tests (significance, direction).

Formative, rather than reflective, measures. As a further robustness test, we operatio
nalized all multi-item constructs as the mean of their items (i.e. an index) rather than as 
factors. The conclusions of these analyses are identical to those of our hypothesis tests (sig
nificance, direction).

Same sample size per country. We replicated the results using a random subsample of 
only 330 (instead of 1331) respondents in Japan, matching the sample size in China. The 
results remain consistent in significance and direction with those obtained from the larger 
sample of 1331 respondents in Japan.

Bootstrap method for mediation. Following Tian and Frank’s (2024) approach, we 
tested the mediation effect of brand online trust using the PROCESS 4.1 macro embedded 
in the SPSS software package. We employed Model 4 for the mediation analysis, setting a 
95% confidence level for confidence intervals and using 5000 bootstrap samples for the 
bias-corrected bootstrap confidence intervals (Hayes, 2017). The results consistently indi
cate that brand online trust mediates the effect of AR app quality dimensions on brand 
loyalty across all of our datasets, supporting H4a–d.

6. Discussion

6.1. Summary of research

As an innovative way to present digital content, AR is emerging as a powerful digital mar
keting tool, providing a means to enhance the tangibility of products (Chylinski et al., 
2020) and foster trust in e-commerce. Despite the recognition of the innovative potential 
of AR, consumer adoption has been slow (Sahi et al., 2021), largely due to a lack of knowl
edge among firms about specific AR designs that effectively address consumer concerns 
and foster trust (Alimamy & Al-Imamy, 2022; Han et al., 2019). While the AR literature 
has analyzed various psychological outcomes of AR use (see Table 1), our study is original 
in that it examines how AR use affects consumer trust, how a unique comprehensive set of 
AR app quality attributes affects behavioral outcomes, and how e-commerce experience 
and market digital competitiveness moderate this mechanism. In doing so, we guide 
firms in designing AR apps that can increase consumer trust and loyalty in different 
markets and extend trust theory (Mayer et al., 1995) by demonstrating its predictive val
idity in the context of AR apps and identifying new boundary conditions to its predictive 
validity as captured by our moderators (e-commerce experience, market digital competi
tiveness). We analyzed data from 1661 consumers across different market segments in 
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Japan and China, which we selected due to their status as two of the largest consumer 
markets in the world (Abulaiti et al., 2011; Frank, 2024; Frank et al., 2013) and their 
marked differences in market digital competitiveness (China: high; Japan: low; IMD, 
2023). Our empirical evidence shows that our focal AR app quality attributes (interactivity, 
system quality, product informativeness, and reality congruence) increase brand online 
trust (supporting H1a–d). Moreover, we find that e-commerce experience positively mod
erates the effect of the product informativeness of an AR app on brand online trust (sup
porting H2). In addition, market digital competitiveness positively moderates the effect of 
the system quality of an AR app, and negatively moderates the effect of the reality congru
ence of an AR app, on brand online trust (supporting H3a–b). Moreover, consumers’ brand 
online trust positively affects brand loyalty (supporting H4) and significantly mediates the 
effects of our four focal AR app quality attributes on brand loyalty (supporting H4a–d). 
Thus, our results support our hypotheses and highlight the effectiveness of our set of 
AR app quality attributes in driving brand online trust and brand loyalty.

6.2. Theoretical implications

Mayer et al.’s (1995) trust theory is a widely accepted framework for understanding the 
formation of trust. Our study extends this trust theory and AR-related research in three 
important ways.

First, trust theory was developed as an organizational theory, but has been used in other 
fields. We extend the scholarly understanding of the predictive validity of trust theory from 
the organizational domain (i.e. relationships between firms) to the marketing domain (i.e. 
relationships between consumers and firms), transitioning from offline trust to online trust 
(S. W. Hung et al., 2012). In particular, compared to an offline environment, trust in online 
shopping platforms (D. J. Kim et al., 2008) and in the technical capabilities of vendors for 
online purchases (S. W. Wang et al., 2015) tends to be weaker. This is problematic because 
trust is critical for mitigating consumer-perceived risks associated with e-commerce 
(Aljifri et al., 2003). Without trust, consumers perceive increased risks associated with 
issues such as fraud, data security, or dissatisfaction with product quality, resulting in hes
itation to purchase (D. J. Kim et al., 2008).

Second, we extend knowledge of the antecedents of trust theory in the context of 
digital apps. We highlight how a unique set of critical AR app quality attributes effec
tively enhance tangibility, which subsequently influences the trust formation mechan
isms outlined in trust theory. Specifically, we show that multiple dimensions of AR 
app quality (i.e. interactivity, system quality, product informativeness, and reality con
gruence), through their role in making product information appear more tangible, 
enhance the trustworthiness factors (ability, benevolence, and integrity) as antecedents 
of trust formation, help firms build brand online trust, and thereby generate brand 
loyalty. Specifically, by making products appear more tangible, AR apps reduce the 
information asymmetry between a firm and a consumer in a remote online location. 
As a result, consumers gain confidence in their ability to assess whether the products 
offered meet their needs and thus perceive higher levels of brand ability, benevolence, 
and integrity, increasing their trust in the brand’s digital marketing content, which 
strengthens their loyalty.

Third, our research examines the moderating effects of different macro-market 
environments and consumers’ personal characteristics on trust formation, thereby identify
ing boundary conditions for the predictive validity of trust theory. In particular, our study is 
original in exploring the moderating role of e-commerce experience and market digital 
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competitiveness in trust formation. E-commerce experience strengthens the effect of AR 
app product informativeness on brand online trust, and market digital competitiveness 
strengthens the effect of system quality and weakens the effect of reality congruence. 
Since these variations are smaller than the main effects and do not reduce them to zero 
for any consumer segment, trust theory retains predictive validity across all consumer seg
ments, but its predictive validity is higher for consumer segments with more e-commerce 
experience. Given the conflicting stronger positive and weaker negative moderating effects 
of market digital competitiveness, the predictive validity of trust theory appears to be 
stronger overall for markets with higher digital competitiveness.

Furthermore, as shown in Table 1, our study extends the marketing literature on AR in 
three ways. First, it is among the limited number of articles (e.g. Ahmad et al., 2023; 
A. Cheng et al., 2024; H. C. Kim & Hyun, 2016; Trivedi et al., 2022; Papakostas et al., 
2023; Rauschnabel et al., 2019) that have examined the effects of AR app quality attri
butes. It provides the most holistic set of four critical quality attributes, while previous 
studies have only captured a subset of them. Second, it is the first study to highlight the 
critical role of brand online trust as a mediator in an e-commerce context, whereas previous 
literature has examined effects on other dependent variables (e.g. Anand et al., 2023; Barta 
et al., 2023; Chen et al., 2021; Chiu et al., 2021; Chung et al., 2015; Cranmer et al., 2020; 
David et al., 2021; Di Serio et al., 2013; Erdmann et al., 2021; Haile & Kang, 2020; Khan 
et al., 2019; Pozharliev et al., 2022; Saleem et al., 2021; Zanger et al., 2022) and other 
mediators (e.g. Alimamy & Al-Imamy, 2022; Moriuchi et al., 2021; Papakostas et al., 
2023; Rauschnabel et al., 2019). Third, it examines the moderators of e-commerce experi
ence and market digital competitiveness, whereas previous literature has examined other 
moderators (e.g. Ahmad et al., 2023; Gatter et al., 2021; Huang et al., 2019; Jessen 
et al., 2020; McLean & Wilson, 2019; Nugroho & Wang, 2023; Plotkina et al., 2022; 
Poushneh & Vazquez-Parraga, 2017; Trivedi et al., 2022; K. Y. Wang et al., 2023; 
Watson et al., 2018). Thus, our study has a unique positioning and contribution that is con
sistent with the importance of overcoming the problem of low trust in e-commerce to build 
lasting customer relationships (Whitty & Buchanan, 2012).

6.3. Managerial implications

This research provides critical insights for marketing managers regarding the pivotal role 
of AR apps in digital media marketing. Our findings strongly support the notion that AR 
apps serve as a significant aid to consumers by facilitating convenient product testing 
without the need to physically visit specific locations or stores. Through AR technology, 
consumers can virtually evaluate a myriad of products using their electronic devices. 
The study finds that consumers’ use of a well-designed AR app leads to a significant 
increase in brand online trust and, as a result, brand loyalty. Thus, AR apps not only 
provide value to consumers but also benefit their respective brands and firms.

Our study elucidates the principles of designing effective AR apps that foster consumer 
trust and loyalty and outlines the quality dimensions that are critical to this end. Interactiv
ity emerges as a key factor in facilitating consumers’ comprehensive product examination, 
allowing them to examine items from multiple perspectives and conveniently position 
them in their immediate environment. The system quality of an AR app ensures smooth 
and error-free operation, which enhances the consumer’s ability to evaluate the product 
smoothly and thereby building trust. Improving the product informativeness of the AR 
app leads to richer and clearer information, which mitigates information asymmetry. 
Thus, we argue that a high level of product informativeness is beneficial for firms 
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seeking to build consumer trust in the e-commerce domain, especially for consumers with 
extensive e-commerce experience. Finally, reality congruence reflects the ability of an AR 
app to seamlessly merge digital product information with the consumer’s environment so 
that it appears like a real product in its natural setting (Lee, 2004). Therefore, we encourage 
managers to invest in a robust IT infrastructure that will facilitate their entry into e-com
merce and utilize AR app technology with a seamless and error-free system for effective 
operationalization within the e-commerce retail sector.

As two of the three largest consumer markets in the world, China and Japan are of great 
importance to practitioners (Abulaiti et al., 2011). We show that AR apps are highly effec
tive in building consumer trust and loyalty in these important markets, but we find differ
ences in the AR app quality characteristics that matter most to consumers in China and 
Japan. While system quality is most important to consumers in China, reality congruence 
is most important to consumers in Japan. The background of these market differences is 
that the Chinese market has a much higher digital competitiveness than the Japanese 
market (IMD, 2023). As a result, Chinese consumers are more accustomed to high 
system quality of AR apps, leading to a lower tolerance for inferior quality, and are 
more likely to accept digital information as a new form of reality, reducing the importance 
of its congruence with offline reality.

6.4. Limitations and directions for future research

Several limitations warrant consideration in the context of our research and present oppor
tunities for future research. First, our sample size within each country is somewhat limited. 
A larger sample size would increase the power and representativeness of our statistical 
tests. Second, we collected data from only two countries, even though these markets are 
among the most important for practitioners (Tian & Frank, 2024). Subsequent research 
could target additional countries to enrich the diversity of perspectives and experiences. 
Third, future research could look for more moderators that might determine the importance 
of different dimensions of AR app quality. Fourth, future research could seek to replicate 
our findings using different methods, such as laboratory and field experiments.

6.5. Conclusion

Using consumer data from China and Japan, we find a consistent positive effect of multiple 
dimensions of AR app quality (interactivity, system quality, product informativeness, and 
reality congruence) on consumers’ brand online trust and, through mediation, their brand 
loyalty. Consumers’ e-commerce experience strengthens the effect of product informative
ness, while market digital competitiveness strengthens the effect of system quality and 
weakens the effect of reality congruence. Therefore, the integration of well-designed 
AR apps into e-commerce services becomes a powerful catalyst for overcoming consu
mers’ lack of trust in digital content, thus promoting brand loyalty.
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