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Abstract: As a result of interactive and immersive technologies such as augmented reality, almost
every service business has changed their ways of engaging with consumers. However, there has been
little research on acceptance and use of wearable augmented reality (AR) in interactive services in
museums and art galleries. Therefore, the aim of this study was to investigate the causal relationships
among customers’ beliefs, evaluation, attitudes, perceived behavior control (time resources), subjective
norms, and intentions to use wearable AR and visit a tourist attraction (an art gallery) using the
theory of planned behavior. The results showed that time resources affected intention to visit an art
gallery, while attitude toward wearable AR had an impact on intention to use wearable AR. Subjective
norms were found to predict intentions, and the intention to use wearable AR was found to influence
the intention to visit an art gallery.

Keywords: wearable augmented reality; art gallery; interactive services; theory of planned behavior;
smart tourism

1. Introduction

The development of augmented reality (AR) as a widely used technology is largely a result of
AR’s potential to create immersive experiences being recognized by developers of applications such as
Pokemon Go. [1]. As a result of these interactive and immersive services, almost every service business
has changed their ways of engaging with consumers. The idea of interactive services is that businesses
find customers virtually in order to entice them to visit real world shops [2]. In the museum and art
gallery context, previous studies have examined the link between online visual interfaces and offline
museum visits [3]. Despite numerous previous studies have been paid to the potential of augmented
reality (AR) to enhance the visitor experience in the context of cultural heritage tourism, museums,
theme parks, and science festivals [4–12], little research has focused on the use of AR in the context of
interactive services. AR has the potential to be an effective tool in interactive services since AR can
generate virtual 3D images or information that can be superimposed onto visitors’ direct environment,
enhancing the visitors’ experience. For instance, with wearable smartglasses, people can receive digital
information superimposed onto artifacts or masterpieces. However, so far, whether a wearable AR
experience using digital technology can increase the number of people making physical visits to art
galleries has not been examined.
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The theory of planned behavior (TPB) was developed by Ajzen [13] to predict an individual’s
intention to engage in a certain behavior at a specific time and place. The TPB was developed from
the theory of reasoned action (TRA). According to the TPB, perceived behavioral control, attitudes,
and subjective norms are variables that influence behavioral intentions and actual behavior. The TPB
has been applied in tourism studies to investigate tourists’ intentions in the context of wine-based
vacations [14], green hotel visitation [15], travel decision-making influenced by risk and uncertainty [16],
tourism destination choice via eWOM [17], and accommodation managers’ crisis planning [18]. In
addition, due to its usefulness in predicting individual intentions, the TPB has been used to explain
tourists’ adoption and usage of information technologies in the tourism and hospitality context [19–23].
Nevertheless, little research has applied the TPB to acceptance and use of wearable AR in interactive
services in museums and art galleries. Therefore, the purpose of this study is to fill this gap between
theory and practice by investigating the causal relationships among visitors’ beliefs about wearable
AR (usability, enjoyment, and aesthetics), wearable AR evaluations, attitudes to wearable AR, time
resources (perceived behavioral control), subjective norms, and behavioral intentions. Most importantly,
this study aims to address an unresolved issue in the literature by exploring whether behavioral
intentions to use wearable AR lead to the actual intention to visit an art gallery.

2. Literature Review

2.1. Interactive Services

An interactive service enables a user to display desired information, such as news, financial,
and cultural information, and perform desired transactional services through various types of digital
displays [24]. The advantage of using AR in art galleries is that it enhances visitors’ real gallery
experience using digital information. A number of previous studies have investigated the visitor
experience in museums [25,26] or the enhancement of the visitor experience through technologies
such as audio guides [27], PDAs [28,29], or mobile phones [6,30–32]. However, research examining
the interactive experience of using wearable AR is scarce [3]. Pallud and Straub [3] investigated the
in-museum experience and the website experience in the same study and found that the intention
to revisit the website relates to the intention to visit the museum. This finding shows that museum
technology should not always be investigated independently. In fact, stronger conclusions regarding
the actual success of technological innovations can be drawn when the effects on the museum visit
are incorporated [3]. This was confirmed in the retail context, as Farag et al. [33] found that in-store
shopping has a positive effect on online buying. Although the effect is in the opposite direction from
that in Pallud and Straub’s [3] museum context, it shows that incorporating interactive service has
important implications for behavioral intentions.

2.2. Augmented Reality and Wearables

AR is changing the way tourists experience their immediate surroundings through an overlay
of digital content on the real environment. The emergence of mobile technologies has increased
the popularity of AR applications [6]. According to Han et al. [7], the tourism industry can greatly
benefit from AR, as tourists normally have little or no knowledge about a destination and, therefore,
an enhancement of the environment through digital information can greatly increase tourist satisfaction.
Tourist destinations such as Deoksugung Palace (Deoksugung in My Hands), Dublin (Dublin AR),
Tuscany (Tuscany+), and Basel (Augmented Reality for Basel) have been in the forefront of the
implementation of AR [6–8,34]. In addition, researchers have found that the utilization of mobile AR
has positive effects on tourists’ behavioral intentions [35–39]. In the Korean cultural heritage context,
Chung et al. [4] found that a positive attitude toward the use of mobile AR can have positive effects on
both the behavioral intention to use AR and the intention to visit destinations or visitor attractions.

Other studies took a more theoretical approach and identified user acceptance [8,36,37,40,41]
or the AR tourism experience [6,10,12,37–39,42,43]. The development of wearable devices, such as
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Microsoft’s Hololens, added a new dimension of interactivity to AR. Tourists are able to use wearable
AR applications in a more intuitive and immersive setting, as the need to hold a mobile device in
front of the face is obviated through head-mounted displays. Thus, wearable devices make the entire
experience more natural and are therefore considered superior for experiencing AR [44].

2.3. Theory of Planned Behavior

Fishbein and Ajzen [45] proposed the TRA, which postulates that behavioral intentions result
from two distinct components: Attitude toward the behavior and subjective norms. Both are critical
determinants of actual behavior. Behavioral beliefs are beliefs concerning the behavior, and influence
an individual’s attitude toward performing a specific behavior, while normative beliefs are beliefs about
whether others approve of a specific behavior [46]. Based on the TRA, Ajzen [13] developed the TPB,
which includes perceived behavioral control as an exogenous variable that influences both behavioral
intentions and actual behavior (Figure 1). Perceived behavioral control has relevance to the possession
of requisite resources and opportunities to perform a specific behavior. For instance, individuals
tend to have greater perceived behavioral control over their behavior when they think that they have
enough resource opportunities and ability to overcome any obstacles they might encounter [46,47].
Therefore, the TPB has been regarded as extending the boundary conditions of pure volitional control
of TRA [48]. Several researchers have compared the TPB with the TRA and found that the TPB has
greater explanatory power [46,49].
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Figure 1. Theory of planned behavior (Ajzen, 1985).

Although the TPB was developed in the 1980s, it is still in active use as a theoretical framework,
especially in the field of information technology. The TPB has been valued for its usefulness in
predicting and explaining individuals’ acceptance or use of technology [50]. Numerous researchers
have integrated the TPB with other theories or models to explain the determinants of users’ adoption
or use of cutting-edge technologies [51,52]. In addition, self-efficacy has been widely used instead of
perceived behavioral control because perceived behavioral control is regarded as less understood [53].
Since perceived behavioral control has its roots in self-efficacy [48], perceived behavior control is
conceptually related to self-efficacy. However, unlike self-efficacy, which is one’s perceived control
over internal factors, perceived behavioral control is related to both internal and external factors [53,54].
Therefore, we adopted the TPB as a theoretical framework in this study and investigated the impact of
attitudes toward wearable AR, subjective norms, and time resources (perceived behavioral control) on
behavioral intentions (intention to use wearable AR and intention to visit an art gallery).
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3. Theoretical Framework and Hypotheses Development

3.1. Research Model

In order to investigate the role of wearable AR, which may lead to the intention to visit a physical
art gallery, as a tool of interactive services, we proposed the following research model (Figure 2).
Our contribution to knowledge is as follows. First, in order to examine whether there is a positive
relationship between the intention to use technology and the intention to visit a physical visitor
attraction, we distinguished the intention to use wearable AR from the intention to visit an art gallery.
Second, by adopting the TPB as a theoretical framework, we investigated the impact of attitudes
toward wearable AR, subjective norms and time resources on behavioral intentions. Finally, the present
study has second-order constructs (wearable AR evaluation, subjective norms, and time resource).
Although Hair, Ringle, and Sarstedt [55] demonstrated that all first-order constructs constitute reflective
measurement, in which the indicators are considered to play the role of latent constructs, wearable AR
evaluation has a formative measurement in the present study, because first- order variables (usability,
enjoyment, and aesthetics) presumably lead to wearable AR evaluations.

Sustainability 2020, 12, x FOR PEER REVIEW  4 of 17 

3. Theoretical Framework and Hypotheses Development 

3.1. Research Model 

In order to investigate the role of wearable AR, which may lead to the intention to visit a physical 

art gallery, as a tool of interactive services, we proposed the following research model (Figure 2). Our 

contribution  to  knowledge  is  as  follows.  First,  in  order  to  examine whether  there  is  a  positive 

relationship between  the  intention  to use  technology  and  the  intention  to visit a physical visitor 

attraction, we distinguished the intention to use wearable AR from the intention to visit an art gallery. 

Second, by adopting  the TPB as a  theoretical  framework, we  investigated  the  impact of attitudes 

toward wearable AR,  subjective norms  and  time  resources on behavioral  intentions. Finally,  the 

present  study  has  second‐order  constructs  (wearable AR  evaluation,  subjective  norms,  and  time 

resource). Although Hair,  Ringle,  and  Sarstedt  [55]  demonstrated  that  all  first‐order  constructs 

constitute reflective measurement, in which the indicators are considered to play the role of latent 

constructs, wearable AR evaluation has a formative measurement in the present study, because first‐ 

order variables (usability, enjoyment, and aesthetics) presumably lead to wearable AR evaluations. 

 

Figure 2. Research model. 

3.2. Hypotheses Development 

3.2.1. Behavioral Intentions 

Because the present research takes into account visitors’ beliefs after the initial use of wearable 

AR and their impacts on attitudes toward and intentions to visit the physical art gallery, the post‐

acceptance model of information system continuance has theoretical relevance [56]. Therefore, in the 

present study, intention to use wearable AR can be defined as the continuance of intention to use AR 

service in an art gallery. Behavioral intentions have been a common variable in previous research on 

the relationship between attitudes and behavior; however, research assessing the effect of behavioral 

intention to use information systems on the behavioral intention to visit physical spaces is scarce [3]. 

Especially given the novelty of wearable AR, previous research has not assessed how the intention to 

use wearable AR affects the intention to visit art galleries. 

Attitudes toward
Wearable AR

Intention 
to Visit Physical

Art GalleryAesthetics

Belief about 
Wearable AR

Enjoyment

Usability
Intention to

Use Wearable AR

2nd order factor

1st order factor

H5 H1

H2a

H2b

H3a

H3b

H4a

H4b

Subjective norm

Subjective norm
about AR

Subjective norm 
about Physical 

Art Gallery

Time Resources

Time Resources
of AR

Time Resources
of Art Gallery

Figure 2. Research model.

3.2. Hypotheses Development

3.2.1. Behavioral Intentions

Because the present research takes into account visitors’ beliefs after the initial use of wearable AR
and their impacts on attitudes toward and intentions to visit the physical art gallery, the post-acceptance
model of information system continuance has theoretical relevance [56]. Therefore, in the present study,
intention to use wearable AR can be defined as the continuance of intention to use AR service in an art
gallery. Behavioral intentions have been a common variable in previous research on the relationship
between attitudes and behavior; however, research assessing the effect of behavioral intention to use
information systems on the behavioral intention to visit physical spaces is scarce [3]. Especially given
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the novelty of wearable AR, previous research has not assessed how the intention to use wearable AR
affects the intention to visit art galleries.

As the focus of museums and art galleries has shifted from the display of collections to visitors’
education and entertainment experiences [3], numerous cutting-edge technologies such as AR services
have been provided to enhance visitors’ experiences [6] by conveying historical information and
enhancing enjoyment [57]. The goal of these technologies is to encourage visitors to revisit museums
and art galleries by giving them a memorable experience. Based on this logic, wearable AR services
in museums and physical art galleries can be useful for interactive services, connecting the virtual
environment and physical attractions. Therefore, we propose the following hypothesis:

Hypothesis 1 (H1). Intention to use wearable AR has a positive effect on the intention to visit a physical
art gallery.

3.2.2. Attitude

In the present study, the attitude toward wearable AR is defined as the degree of evaluative
affect that an individual associates with using AR services in an art gallery [58]. Attitudes have
been treated as the strongest predictor of behavioral intentions in both the tourism and technology
acceptance contexts [17,19]. Using the TPB, Reza and Samiei [17] investigated the impact of electronic
word-of-mouth on tourism destination choice and found that attitudes have a strong effect on the
intention to visit a destination. Within the IS and tourism context, Huh et al. [19] found that
attitudes influence employees’ intentions to use technology in upscale Korean hotels. Interestingly,
Cheng et al. [59] investigated the effect of attitudes from the customers’ point of view. They examined
how the attitude towards negative word-of-mouth is positively related to the behavioral intention of
engaging in negative communication. Nonetheless, this uses the traditional approach from the TPB,
assessing the effect of attitudes on the intention to use wearable AR and the intention to visit the art
gallery as proposed by Pallud and Straub [3]. The following hypotheses are therefore proposed:

Hypothesis 2a (H2a). Attitudes toward a wearable AR have a positive effect on intentions to use wearable AR.

Hypothesis 2b (H2b). Attitudes toward a wearable AR have a positive effect on intentions to visit a physical
art gallery.

3.2.3. Time Resources as a Facilitating Conditions

Facilitating conditions can be conceptualized as substitutes for perceived behavioral control since
they are conceptually similar [60]. In our study, time resources (time availability) are defined as the
extent to which visitors have enough time to use AR services in an art gallery in the future, and were
used to examine the influence of time resources on the intention to use wearable AR as well as the
intention to visit the art gallery.

According to Parasuraman (2000), people tend to avoid using new technologies because of the
time it takes to learn them. Since wearable AR users are obliged to engage in the time-consuming
process of connecting to the Internet to download the data [61], a non-trivial amount of time is required
in order to use wearable AR. Furthermore, previous studies have found that time availability is one
of the key factors that influences behavior in cultural settings [3,62]. A study by Martin [62] showed
that insufficient time was the primary reason for the British public not visiting museums. More recent
research by Pallud and Straub [3] showed that time resources played a significant role in determining
visitors’ intention to visit museums and revisit museum websites. Accordingly, we propose the
following hypotheses:

Hypothesis 3a (H3a). Time resources have a positive effect on intention to use wearable AR.
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Hypothesis 3b (H3b). Time resources have a positive effect on intention to visit a physical art gallery.

3.2.4. Subjective Norm

Subjective norms are important variables that influence behavioral intentions, and according to
Ajzen [13], subjective norms reflect the perceived opinions of the most respected family and friends.
In this study, a subjective norm is defined as the perception that most people who are important to him
or her think he or she should use wearable AR services in the art gallery [63]. Subjective norms have
been found to influence technology acceptance, especially in the early stage of individual experiences
with IS [64]. In addition, in the museum context, subjective norms are a key variable that accounts for
behavioral intention to use technology and also to visit physical museums and art galleries. Previous
studies have also found that the intention to use an information system is determined by subjective
influence [65–68]. Therefore, we propose the following hypotheses:

Hypothesis 4a (H4a). Subjective norms have a positive effect on the intention to use wearable AR.

Hypothesis 4b (H4b). Subjective norms have a positive effect on intention to visit a physical art gallery.

3.2.5. Belief about Wearable of AR

Positive evaluations of online platforms (e.g., museum websites) have been found to positively
affect attitudes toward museums [3]. To assess beliefs about wearable AR, we relied on the
conceptualization of AR characteristics developed by Chung et al. [4] and Jung et al. [9]. The three
dimensions of wearable AR evaluation are usability, enjoyment, and aesthetics. Our definition of
wearable AR usability was adopted from previous studies on ease of use. Perceived ease of use is the
degree to which a person trusts that the use of a specific technology will be effortless [4]. Perceived
ease of use is a basic construct in the technology acceptance model and has a significant effect on
attitudes towards using technology, which in turn affect behavioral intentions to use technology [69].
The definition of wearable AR enjoyment specifies the extent to which enjoyment can be derived from
using the wearable AR application. Past research has considered perceived ease of use in relation to the
enjoyment of interacting with computer systems and to the experience during computer interaction.
As wearable AR applications are the natural habitat of hedonic systems, we can expect wearable AR
enjoyment to play an important role in influencing attitudes toward wearable AR.

Wearable AR aesthetics is similar to the visual appeal of AR [4]. Visual appeal pertains to the
display of fonts and other visual elements such as graphics; it enhances the presentation of information
systems [70]. Visual attractiveness appeared to be a dominant factor in tourism experiential outcomes.
Previous research ascertained that wearable AR systems reinforce the user’s view of the real world
and that a user’s familiarity with wearable AR applications affect attitudes towards wearable AR
applications [4,9,37–39,43]. Therefore, we propose the following hypotheses:

Hypothesis 5 (H5). Beliefs about wearable AR have a positive effect on attitudes toward wearable AR.

4. Methods

4.1. Study Site

This study was conducted as part of the wearable AR project at an art gallery in the United
Kingdom. The gallery is one of the country’s finest art museums and houses fine and decorative art
works, which have been designated as being of national importance. The gallery is renowned for its
19th-century British paintings and attracts more than half a million visitors each year. The purpose of
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the project was to enhance visitors’ experience in the art gallery through the provision of additional
information about paintings using wearable devices.

The wearable AR application developed for the art gallery consisted of information about
each artist, their paintings, related paintings, and location and sharing functions. The application
included basic text information (Figure 3) and provided the additional functionality of reading further
information aloud.Sustainability 2020, 12, x FOR PEER REVIEW  7 of 17 
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4.2. Measurements

Since measurement items were adopted from previous research [3,71–73] and one of them that has
been found to decrease reliability and validity was excluded, the number of items is one less than that
in previous research. All items were measured on a seven-point Likert scale from strongly disagree (1)
to strongly agree (7), except for attitudes toward AR, in which 7 was “pleasant,” “enjoyable,” “good”,
and “valuable,” and 1 was “unpleasant,” “unenjoyable,” “bad,” and “worthless.” This procedure
yields 35 measurement items. Usability (five items), enjoyment (three items), aesthetics (four items),
attitudes toward wearable AR (four items), time resources (four items), subjective norms (four items),
intention to use wearable AR (three items), and intention to visit physical Art Gallery (four items).

As stated above, beliefs about wearable AR and time resources and the subjective norms were
measured as second-order constructs. To be more specific, beliefs about wearable AR evaluation are
formative scales since usability, enjoyment, and aesthetic sensibilities about wearable AR are assumed
to influence wearable AR evaluation. Conversely, subjective norms and time resources are reflective
scales, as subjective norms were considered to be influenced by subjective norms about both wearable
AR and physical art galleries, and overall time resources are presumably a product of time resources
for using wearable AR and for visiting a physical art gallery.

4.3. Data Collection

The data were collected at a modern art gallery in Manchester. The art gallery is famous for 19th
century British paintings, and each year, it attracts more than 730,000 visitors, which makes it the most
visited museum or gallery in Manchester (Manchester City Council, 2019).

A total of 211 participants was recruited by systematic random sampling. The first participant
was chosen at random, and after that, every 10th visitor was approached. Systematic random sampling
is considered more reliable and accurate than random sampling [74]. Researchers approached every
10th gallery visitor at the entrance to the art gallery and asked if he or she would participate in the
study. Those who agreed were asked to try the wearable AR application for about 30 min and then
complete the questionnaire. The operation and application of the device were explained prior to the
experiment so that the participants could familiarize themselves with it. After excluding inappropriate
responses such as missing values and unreliable responses, we had a sample of 196 participants.

When using PLS, the sample size is required to be greater than 10 times the number of items in
the most complex variables [74], which is 5 in this study (usability). Therefore, this study needed to
obtain a sample of greater than 50 valid responses, and the requirement was satisfied.
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4.4. Respondents’ Profile

We summarize the characteristics of the respondents in Table 1. Of all of the respondents,
101 (51.5%) are female, and 95 (48.5%) are male; more than half are between 18 and 34 (107, 54.6%)
and highly educated (more than a bachelor’s degree) (128, 65.3%). About one-quarter (26.5%) of
respondents have an annual income of less than £20,000.

Table 1. Sample description.

Profile Category N %

Gender

male 101 51.5
female 95 48.5

Age

18–24 53 27.0
25–34 54 27.6
35–44 28 14.3
45–54 28 14.3
55–64 18 9.2
65+ 15 7.7

Education

High school 20 10.2
Some College 32 16.3

Associate Degree/Diploma 16 8.2
Bachelor’s Degree 64 32.7
Master’s Degree 44 22.4
Doctoral Degree 8 4.1

Professional Degree (e.g., JD, MD) 12 6.1

Income

Less than £20,000 52 26.5
£20,000–£49,999 48 24.5
£50,000–£99,999 55 28.1

£100,000–£149,999 21 10.7
More than £150,000 13 6.6

no response 7 3.6

Total 196 100.0

5. Analysis and Results

5.1. Measurement Model

The research model was tested by using structural equation modeling. Before structural equation
modeling was undertaken, confirmatory factor analysis was conducted to validate our measurement
model. Content, discriminant and convergent validity were examined by using Smart PLS. First,
since we consulted previous literature to create measurement items, the content validity of our survey
had already been established by other researchers. Second, we conducted factor analysis, and the
results showed that 10 factors were classified. After excluding an item that reduces reliability and
validity, all factor loadings were higher than the 0.5 cut-off and were statistically significant (Table 2).
Third, we calculated composite reliability (C.R), Cronbach’s α, and average variance extracted (AVE)
in order to establish reliability and convergent validity [75]. As shown in Table 2, C.R and Cronbach’s
α were found to be greater than 0.7, and AVE was found to be greater than 0.5; thus, the analysis
indicated that all of the constructs satisfied the requirements.
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Table 2. Reliability and cross-loadings.

Construct Loading t-Value C.R 1 α 2 AVE 3

Belief
about

wearable
AR

Usability

I think that I would like to use the
Wearable AR application frequently. 0.759 14.621

0.888 0.842 0.614

I thought the Wearable AR
application was easy to use. 0.823 19.932

I found the various functions in the
Wearable AR application were well
integrated.

0.831 21.740

I would imagine that most people
would learn to use the Wearable AR
application very quickly.

0.668 10.386

I felt very confident using the
Wearable AR application. 0.826 20.254

Enjoyment

Looking at the paintings through
Wearable AR application was
enjoyable.

0.919 29.811

0.932 0.890 0.821
Looking at the paintings through
Wearable AR application was
interesting.

0.862 27.104

Looking at the paintings through
Wearable AR application was
pleasant.

0.935 32.265

Aesthetics

I find that the design of the Wearable
AR application looks pleasant. 0.799 15.033

0.878 0.816 0.643
The layout of the Wearable AR
application is fascinating. 0.814 15.018

I find the design of the Wearable AR
application to be creative. 0.844 15.328

I find that the design of the Wearable
AR application looks aesthetic. 0.748 11.615

Attitude toward
wearable AR

For you, using the Wearable AR
application of the art gallery within
the next 30 days would be . . .
unpleasant (1)—pleasant (7)

0.914 16.510

0.961 0.946 0.862
Unenjoyable (1)—Enjoyable (7) 0.956 35.733
Bad (1)—Good (7) 0.931 40.186
Worthless (1)—Valuable (7) 0.911 42.579

Intention to use wearable
AR

Assuming I had access to the
Wearable AR application of this art
gallery, I intend to use it.

0.980 54.814

0.982 0.972 0.947
Given that I had access to the
Wearable AR application of this art
gallery. I predict that I would use it.

0.977 58.102

It is likely that I will actually use to
the Wearable AR application of this
art gallery.

0.962 71.620

Intention to visit
physical art gallery

Given the opportunity, I intend to
visit the physical art gallery. 0.924 17.945

0.959 0.935 0.886

It is likely that I will actually visit the
physical art gallery. - -

I will visit the physical art gallery
again after experiencing the
Wearable AR application.

0.950 23.221

I will continue to visit the physical
art gallery in the future after
experiencing the Wearable AR
application.

0.949 23.845
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Table 2. Cont.

Construct Loading t-Value C.R 1 α 2 AVE 3

Subjective
norm

AR

Most people who are important to
me would use this Wearable AR
application.

0.949 40.784

0.947 0.889 0.900Most people who are important to
me would think that it is good idea
to use this Wearable AR application.

0.948 56.579

Gallery

Most people who are important to
me would visit the physical art
gallery.

0.948 37.563

0.945 0.883 0.895Most people who are important to
me would think that it is a good idea
to visit the physical art gallery.

0.945 80.328

Time
Resource

AR

I expect to have the time needed to
use this Wearable AR application
within the next 30 days.

0.957 43.735

0.954 0.903 0.912I will make time for me to use this
Wearable AR application within the
next 30 days.

0.953 46.764

Gallery

I expect to have the time needed to
visit the physical art gallery within
the next two months.

0.961 16.176

0.957 0.911 0.918There would always be time for me
to visit the physical art gallery
within the next two months.

0.955 15.295

1 Composite Reliability; 2 Cronbach’s α; 3 Average Variance Extracted.

Finally, we calculated the square root of the AVE in order to establish discriminant validity (Table 3).
According to Fornell and Larcker’s [75] criteria, the square root of AVE associated with a specific
construct must exceed its correlation with other constructs. As shown in Table 3, the square root of AVE
of each construct is greater than its correlation with other constructs; thus, the discriminant validity
of our survey was established. Furthermore, skewness and kurtosis of constructs were calculated to
confirm their normality [76]. The absolute value of skewness is recommended to be less than 3; that of
kurtosis is recommended to be less than 10. As shown in Table 3, skewness values ranged from −1.289
to −0.492, exhibiting a positively skewed distribution. Kurtosis values ranged from −0.203 to 2.566.
Therefore, the items of the present study were normally distributed.

Table 3. Correlation and discriminant validity.

Constructs
Correlation of Constructs

Mean S.D (1) Skewness Kurtosis
(1) (2) (3) (4) (5) (6) (7) (8)

(1) Usability 0.784 5.096 1.093 −0.675 0.446
(2) Enjoyment 0.595 0.906 5.541 1.279 −1.215 1.280
(3) Aesthetics 0.602 0.577 0.802 5.218 1.086 −0.612 0.494

(4) Attitudes toward wearable AR 0.705 0.696 0.530 0.928 5.268 1.477 −0.810 0.239
(5) Intention to use wearable AR 0.686 0.214 0.305 0.226 0.941 5.160 1.625 −0.904 −0.013
(6) Intention to visit Art Gallery 0.294 0.663 0.542 0.738 0.973 0.973 5.541 1.213 −1.212 2.208

(7) Subjective norm 0.417 0.422 0.496 0.446 0.445 0.354 0.750 4.740 1.110 −0.492 0.614
(8) Time resource 0.248 0.165 0.225 0.247 0.278 0.407 0.357 0.797 4.121 1.428 −0.109 −0.203

Note: The Bold diagonal elements in the “correlation of constructs” matrix are the square root of the average
variance extracted (AVE). For adequate discriminant validity, the diagonal elements should be greater than the
corresponding off-diagonal elements. (1) Usability in the table.

5.2. Structural Model

A structural equation model was conducted to test the proposed model. The size of the
bootstrapping sample used in the PLS analyses was 5000, as suggested by Hair et al. [77]. The outcome
of the structural model and results of the hypothesis tests are displayed in Figure 4 and Table 4.
Hypothesis 1, which postulates that intention to use wearable AR has a positive effect on the intention
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to visit art gallery, was supported (β = 0.272, t = 2.395). Thus, it can be assumed that wearable AR
plays an important role in interactive services.
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Figure 4. Results of PLS analysis.

Table 4. Standardized structural estimates and tests of the hypotheses.

Hypotheses Estimates t-Value Results

H1 Intention to use wearable AR → Intention visit Art Gallery 0.304 2.808 supported
H2a Attitudes toward wearable AR → Intention to use wearable AR 0.666 11.378 supported
H2b Attitudes toward wearable AR → Intention visit Art Gallery −0.155 1.515 Not supported
H3a Time resource → Intention to use wearable AR 0.068 1.429 Not supported
H3b Time resource → Intention visit Art Gallery 0.293 3.530 Supported
H4a Subjective norm → Intention to use wearable AR 0.123 1.737 supported
H4b Subjective norm → Intention visit Art Gallery 0.184 1.768 supported
H5 AR evaluation → Attitudes toward wearable AR 0.767 22.022 supported
R2

Attitudes toward wearable AR 0.582 (58.2%)
Intention to use wearable AR 0.565 (56.5%)
Intention to visit Art Gallery 0.257 (25.7%)

Additionally, Hypotheses 2a and 2b postulate a positive relationship between attitudes toward
AR and the intention to use AR and the intention to visit art gallery, respectively. While Hypothesis
2a was supported, as attitudes toward AR had a positive relationship with the intention to use AR
(β = 0.666, t = 10.800, p < 0.001), Hypothesis 2b was not supported (β = −0.067, t = 1.352, p = n.s).
Therefore, attitudes toward wearable AR were found to only affect intentions to visit the physical art
gallery through the intention to use wearable AR.

Hypotheses 3a and 3b postulate a positive relationship between time resources and intention
to use wearable AR and intention to visit art gallery, respectively. Although Hypothesis 3a was not
supported (β = 0.068, t = 1.365, p = n.s), Hypothesis 3b was supported: Time resources are positively
related to intention to visit the art gallery (β = 0.326, t = 3.563, p < 0.001). Therefore, it can be assumed
that having enough time to enjoy wearable AR and visit an art gallery may elicit the intention to visit
physical art gallery.
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Hypotheses 4a and 4b postulate that subjective norms have a positive effect on intention to use
wearable AR and intention to visit the art gallery, respectively. Supporting these hypotheses, subjective
norms were found to have a positive influence on intention to use wearable AR (β = 0.124, t = 1.713,
p < 0.1), and intention to visit a physical art gallery (β = 0.163, t = 2.252, p < 0.05). Thus, subjective
norms can be regarded as an important predictor of both intention to use AR and intention to visit an
art gallery.

Finally, Hypothesis 5 postulates that AR evaluation has a positive effect on attitudes toward
wearable AR. Beliefs about wearable AR were found to have a significant positive effect on attitudes
toward AR (β = 0.763, t = 22.795, p < 0.001); thus, Hypothesis 5 was supported. First-order variables
(usability, enjoyment, and aesthetics), which were regarded as formative measurements of wearable
AR evaluation, were also found to influence beliefs about wearable AR.

6. Discussion and Conclusions

6.1. Discussion

The aim of this study was to examine the causal relationships between visitors’ beliefs about
AR (usability, enjoyment, and aesthetics) and their attitudes toward wearable AR, and the impact of
attitudes toward wearable AR, time resources, and subjective norms on the intention to use wearable
AR and the intention to revisit the physical art gallery. The results indicate that usability, enjoyment,
and aesthetics were important variables that influence user experience of wearable AR. These findings
are consistent with previous research, confirming the effects of usability, enjoyment, and aesthetics on
user experiences [3]. This study found that usability had a slightly stronger effect on user experience
than enjoyment and aesthetics. This indicates that within the wearable AR environment, users are
more concerned with usability, which can be linked to the relative novelty factor of using smartglasses.

The study revealed that attitudes positively influenced intentions to use wearable AR; however,
they did not influence intentions to visit the art gallery. It was also found that there is a direct
relationship between intention to use wearable AR and intention to visit the art gallery, and therefore,
intentions to visit the art gallery seem to be mediated by intentions to use wearable AR. This finding
indicates that art gallery visitors who had a good wearable AR experience developed a stronger interest
in the art gallery’s objects and subsequently had a stronger desire to revisit in the future. This finding
implies that well-designed wearable AR applications could induce visitors to use wearable AR and
arouse their interest in visiting the physical art gallery. Furthermore, these findings support previous
research by confirming the effects of visual interfaces on physical museum visits [3] and show that the
use of wearable AR is linked to the intention to revisit the physical art gallery.

Time resources (facilitating conditions) are external circumstances that constrain or facilitate
individuals’ actions [78]; the present study confirmed that time resources played a key role in
determining an individual’s intentions to visit an art gallery. In previous studies, a good understanding
of the Internet and inexpensive Internet access were used as facilitating conditions whilst help,
specialized instructions, training, legal protections, and corporate policies to assess were utilized as
facilitating conditions for mobile Internet [67]. More recently, Pallud and Straub [3] examined other
facilitating conditions such as cultural background/experience and time availability which constrain a
museum visitor’s behavior.

Our findings revealed that although time resources played an important role in determining
individuals’ intentions to visit a physical art gallery, they did not influence intentions to use wearable
AR. This finding indicates that individuals who have more free time will be able to make a physical
visit to an art gallery, as this can be considered a leisure activity. However, even though they have
more time resources (leisure time), individuals may not be able to use wearable AR simply because
smartglasses are not easily available to the public and, therefore, this may be a key constraining factor
on intention to use wearable AR.
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The present study also showed that subjective norms are an additional predictor of intentions to
visit the art gallery. According to previous research [79], subjective norms affect high culture practices,
and in this study, a visit to an art gallery was considered a social activity. Our findings revealed that
subjective norms played a significant role in determining an individual’s intentions to use wearable
AR and also his or her intentions to visit an art gallery in person. This supports previous research
on AR smartglasses by Rauschnabel [44], who found that social needs are an important determinant
of adoption.

6.2. Theoretical and Practical Implications

This study has numerous theoretical and practical implications. One of the key theoretical
contributions of this study is to apply and extend the TPB, focusing on wearable AR, in the tourism
context. The TPB has been researched extensively in several contexts, including the tourism industry [16];
however, a focus on wearable AR is a new contribution to the field. Another contribution is the
implementation of interactive factors (wearable AR and physical art gallery) within the constructs of
subjective norms, time resources, and intention to use into the TPB. Using this approach, we assessed
how a new and innovative technology not only influences the future behavior of using this technology
but also actual visitation behavior, as this can be considered an important determinant of technology
success. In addition, according to Dieck and Jung [37], further research is needed in the area of
wearable AR adoption, and the present study contributed to the literature by confirming the influence
of technology adoption factors on behavioral intentions to use wearable AR. Furthermore, the present
study added another dimension to existing adoption research by exploring the effect of technology on
the actual visit intention. Finally, another contribution of this study is that it extended the research
of Pallud and Straub [3], who investigated the model in the museum context focusing on websites
through the investigation of wearable AR using TPB.

In practical terms, the findings of the present study add to museum and art gallery managers’
knowledge of visitors’ perceptions and behavioral intentions with regards to wearable AR applications.
This will lead gallery managers to be more likely to make an investment in IT in the future in order to
enhance visitor experience. Our findings have important implications for the future implementation
of this new and innovative technology from the management perspective. For visitors to form a
favorable attitude toward and intention to use wearable AR and consequently physically visit an art
gallery, wearable AR developers should ensure that the application is easy to use with well-integrated
functions, and that it offers an enjoyable and interesting experience and has a creative layout. In addition,
our findings show that a good experience with wearable AR applications contributes to the intention
to revisit the art gallery. Therefore, if art gallery managers want to use a wearable AR application to
attract more visitors, they should consider creating more user-friendly and aesthetic interfaces with
entertaining and enjoyable content, which could encourage positive attitudes toward using and actual
use of wearable AR applications as well as increased likelihood of visiting the art gallery in person.

6.3. Limitations and Future Research Directions

The present study has some limitations. First, a larger sample than 196 would have enhanced
the possibility of generalizing the findings to a wider population. However, for the present study,
PLS overcomes this limitation, as it requires a smaller sample size to generate reliable results. Second,
the study was conducted in a single art gallery in the UK. Therefore, findings may be particularly
applicable to the UK art gallery sector, and future research should be conducted in other cultural
settings for comparative purposes. Third, in terms of the construct of facilitating conditions in the
TPB, the present study solely investigated time resources, and other facilitating conditions should be
included to account for the full spectrum of this construct. In addition, the present study investigated
wearable AR using the approach of interactive services. However, research investigating the link
between virtual or mixed reality, a combination of both augmented and virtual reality, and museums
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and art galleries is scarce. Therefore, future research could concentrate on virtual or mixed reality in
the context of museums and art galleries.
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