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Abstract

The widespread popularity of smart handheld devices has prompted the booming development of the
mobile shopping market but also formed new models of mobile shopping that consumers may or may not
accept. The objective of this study was to identify the factors that will help consumers accept and use a new
form of mobile shopping with quick response codes and virtual shelves. This study conducted a
questionnaire survey, collected 541 samples, and tested our hypotheses and model using structural
equation modeling. The results indicated that the visual attractiveness of the virtual shelves has the
greatest impact on the acceptance of this new way of mobile shopping, followed by the interactivity of user
interface, novelty seeking, and perceived time risk. Although the influence of Wi-Fi accessibility in the
overall model was not significant, its significance was revealed when this study only looked at consumers
who did not have internet access on their phones. Managerial implications for online retailers as well as
directions for future research are also discussed.

Key Words: QR code, Wi-Fi accessibility, Visual attractiveness, Novelty seeking, Mobile shopping, Cloud
Stores.

Introduction

Rapid progress in internet technology, the flourishing development of wireless communication, and the
widespread popularity of smart handheld devices (SHDs) (such as smartphones and tablet computers) have
prompted people to seek more convenient means of shopping, which has given rise to mobile commerce
(m-commerce). An extension of e-commerce, m-commerce offers unique marketing channels with high
accessibility and convenience so that consumers can shop and make quick transactions anywhere they like
(Balasubramanian, et al., 2002; Saidi, 2009). More specifically, m-commerce involves the direct or indirect
use of wireless devices to complete currency-related transactions. Such transactions can involve goods,
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services, and/or information, including mobile banking services, mobile payment services, mobile news or
information, mobile retailing and shopping, and mobile gaming or entertainment (Skiba et al., 2000;
Barnes, 2002; Zhang et al., 2013). Mobile shopping is a new online shopping medium that allows
consumers to use SHDs to order and/or pay for products (Hung et al., 2012). The most popular ways to
access online mobile shopping platforms are via quick response code (QR code) or mobile shopping apps.

QR codes, which are black-and-white matrix barcodes, have become increasingly common in recent years.
Indeed, over the past few years, QR codes have become widely used in marketing communications,
advertisements, and sales promotion, whereby they can now be seen everywhere, from magazines,
newspapers, and posters to packaging, labels, receipts, billboards, and television advertisements (Okazaki
et al., 2012). The use of QR codes to link conventional print media to clouds allows marketing
communication information to be integrated, expanded, and updated more easily (Okazaki et al., 2012; Sun
et al., 2007; Ebner, 2008). A prime example of the application of QR codes in marketing channels is
Homeplus, a retail chain in South Korea that was an investment of British retailer Tesco. Homeplus
installed virtual displays with QR codes in subway stations, which allowed consumers to shop while they
waited for the subway by linking to shopping websites via QR codes (AlSaeed, 2011). The development of
virtual shelf technology was in-turn driven by the fact that consumers are often too busy to go to physical
stores. Virtual shelves provide commuters with easy access to product information (such as appearance,
price, or promotional information), and commuters only need to scan QR codes with their smartphones to
shop (Darrell, 2011). The virtual shelf approach is unlike the complete virtuality of other mobile shopping
apps; it is novel but accounts for the fact that consumers are accustomed to seeing the actual products when
they shop. The primary concept underlying cloud stores is that smartphones serve as shopping carts.

Countries such as Japan, South Korea, and China foresaw the increasing trend in mobile shopping and are
currently actively promoting its development. While in Taiwan, wireless communication technology is
mature and digital literacy is high, government and corporate efforts to promote the use of QR codes in
mobile shopping have not been as successful (Chiu, 2012). At present, the majority of research that has
been conducted on QR codes has focused on marketing communication applications (such as digital tour
guides, cognitive surveys, advertising, and link content) (Bamoriya, 2014; Atkinson, 2013; Okazaki et al.,
2012; Probst, 2012). However, some studies have also examined design aspects of QR codes, such as a
study which explored the possibility of adding aesthetic elements to the conventional black-and-white
squares in order to improve appeal and recognizability without affecting scannability (Lin et al., 2013).
Nonetheless, very few studies have investigated the application of QR codes in mobile shopping, and even
fewer studies have investigated consumer acceptance of mobile shopping applications that feature virtual
shelves with QR codes.

Relevant research has reported strong development potential for the m-commerce market in Taiwan and
other Southeast Asian countries (Tseng, 2016). However, in Taiwan, both relevant literature and interviews
with corporate experts have revealed obstacles to the promotion of mobile shopping with virtual shelves.
Nonetheless, to the best of our knowledge, no research has been performed to clarify what these obstacles
are or what managerial suggestions can help overcome them. To address this research gap, the current study
conducted expert interviews and performed a comprehensive literature review. In so doing, the goal of this
was to identify external variables that can affect this shopping model. Specifically, this study employed the
technology acceptance model (TAM) proposed by Davis et al. (1989) to identify relationships between
external variables and consumer acceptance of QR codes and virtual shelves. Results of this study should
help elucidate how to increase consumer acceptance of this mobile shopping model and fill in some of the
aforementioned research gaps. The managerial implications presented in this study should also assist
retailers who operate cloud stores in public areas or transportation hubs promote this new model of mobile
shopping more successfully.

ISSN: 2306-9007 Tsao & Yang (2017) 759



www.irmbrjournal.com June 2017

International Review of Management and Business Research Vol. 6 Issue.2

Theoretical Development

The incorporation of QR codes and virtual shelves into mobile shopping applications represents a new
technological development. However, whether consumers adopt this new technology depends on whether it
adequately meets their needs. In marketing research, the theory of reasoned action (TRA) and the
technology acceptance model (TAM) are commonly used to gauge the level of consumer acceptance
towards new technology. The TRA was proposed in 1967 as a way to examine how consistently the
relationship between attitude and behavior persists across multiple studies (Fishbein and Ajzen, 1975),
while the TAM is a theory and model extended from the causal relationships in the TRA. The TAM
provides a simplified framework and theoretical foundation that can help explain the relationship between
cause and effect variables. TAM has been widely applied in various fields to predict and explain how a new
technology will become accepted by consumers (Suki et al., 2011). Kang (1998) pointed out the importance
of external variables to the TAM, variables such as those we know have impact on personal and social
beliefs: user characteristics, information technology characteristics, task characteristics, and environmental
characteristics. Once external variables are added to the TAM as antecedents, they increase the explanatory
power of the model (Venkatesh and Davis, 2000). This study therefore employed the TAM as the
theoretical foundation of our conceptual framework.

Our study investigated numerous characteristics of virtual shelves with QR codes. Specifically, we
performed a comprehensive literature review and conducted expert interviews to complete an exploratory
investigation into external variables that could potentially influence consumer acceptance of mobile
shopping applications that feature virtual shelves with QR codes. The possible external variables are as
follows. First, as mobile shopping requires wireless internet access, the availability of Wi-Fi influences the
willingness of consumers to engage in mobile shopping as well as their attitudes towards it (Varshney and
Vetter, 2002). Second, consumers must scan and decode QR codes to successfully connect to the shopping
platform and browse shopping websites. Therefore, the degree of interactivity between users and the SHD
interface influences the speed of information response after users encounter it. Third, virtual shelves use
backlit images to display products, so the visual appeal of shelf displays determines whether they are able
to attract user attention and stimulate willingness to shop. Fourth, mobile shopping applications that feature
virtual shelves with QR codes place significant emphasis on speed and the smoothness of the shopping
experience (which is in-turn affected by the complexity of the shopping process and the speed at which
products are presented) can influence how much time is spent shopping (Crespo et al., 2009; Hsieh and
Tsao, 2014). Finally, during the initial adoption period, the novelty-seeking behaviors of consumers
themselves play a crucial role in determining whether they will be willing to adopt new products or services
(Hirschman, 1980). Based on the above, this study considered five external variables in developing our
conceptual research model: Wi-Fi accessibility, interactivity of user interface, visual attractiveness,
perceived time risk, and novelty seeking behavior of consumers. These variables are explained in greater
detail over subsequent sections.

Literature Review and Development of Hypotheses
External variables and conceptual model
Wi-Fi accessibility

Accessing the internet via a wireless local area network (WLAN), or Wi-Fi, involves using a device, such
as a laptop, desktop, tablet computer, personal digital assistant (PDA), or cell phone, to connect to the
internet through a wireless access point. Although Wi-Fi network systems are different from other mobile
internet systems (3G/4G) (Liang, 2012), this study was only concerned with Wi-Fi type connections.
Accessibility is a general term used to describe the availability and usability of a product, device, service,
or environment (Gajevi¢ et al., 2013). The degree to which Wi-Fi is available is called Wi-Fi accessibility.
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Previous research has indicated that consumer perceptions pertaining to the usefulness and ease of use of
SHD applications are greatly influenced by Wi-Fi accessibility and bandwidth (Kim et al., 2012). Relevant
studies have also revealed that Wi-Fi plays a significant role in the mobile shopping environment because
the corporate service quality perceived by consumers is heavily influenced by internet access and mobile
resources of the consumers. Enabling users to roam across multiple networks facilitates mobile shopping;
therefore Wi-Fi connections that are reliable and fast can help consumers complete online shopping orders
efficiently and effectively at any time and place (Varshney and Vetter, 2002). In other words, the more
easily that Wi-Fi can be accessed, the smoother the consumer shopping experience will be. Readily
accessible Wi-Fi networks also reduce frustration and help consumers master the shopping process more
easily. Accordingly, this study proposes the following hypotheses:

H1la: Greater Wi-Fi accessibility has a positive influence on the perceived usefulness of mobile shopping
with virtual shelves and QR codes.

H1b: Greater Wi-Fi accessibility has a positive influence on the perceived ease of use of mobile shopping
with virtual shelves and QR codes.

Interactivity of interface

A human-computer interface (HCI), also known as human-computer interaction (HCI), refers to an
interface or environment that allows users to interact (e.g. exchange messages) with one another via the
internet. User cognition plays an important role in these communication exchanges and, for this reason,
HCls are also referred to user interfaces (Uls) (McKnight et al., 1996). Moran (1981) defined a Ul as
anything that a user can employ to connect to a system physically, perceptually, and conceptually. In other
words, Uls facilitate two-way interactions between users and a system. The afore-cited literature has led us
to believe that HCIs and Uls share a similar definition; however, the term “HCI” is generally used for
hardware, and the term “UI” is generally used for software. This study adopted UI as our research variable,
as it was a better fit for our research topic and study goals.

Interactivity has long been considered a crucial feature of interface design and a key feature of human-
computer communication (Gu et al., 2013). Over the past three decades, interactivity has been widely
discussed in numerous fields, including advertising, marketing, communication, information systems, and
computer science (McMillan and Hwang, 2002). Steuer (1992) suggested that interactivity is “the extent to
which users can participate in modifying the format and content of a mediated environment in real time”.
Therefore, this study combined Ul and interactivity to derive a new external variable: interactivity of Ul.
Green and Pearson (2011) previously reported that Uls which are characterized by greater interactivity
generally provide consumers with better control over website content (such as website design, product
categories, and service items). This customizability tends to improve user perceptions of usefulness. Chang
and Wang (2008) further indicated that websites which feature a greater number of interactive functions,
such as search engines and online dialogue, allow users to obtain the information they need more quickly,
thereby reducing time and effort. Furthermore, websites with high interactivity facilitate better user
understanding, which in-turn increases user participation and enriches user experience. Based on these
previous findings, this study posits the following hypotheses:

H2a: Greater Ul interactivity has a positive influence on the perceived usefulness of mobile shopping with
virtual shelves and QR codes.

H2b: Greater Ul interactivity has a positive influence on the perceived ease of use of mobile shopping with
virtual shelves and QR codes.
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Visual attractiveness

Sight is the sense that people use the earliest and most commonly before encountering things in the outside
world. Good use of color, light, and images can attract visual attention, and the visual dimensions of an
object include color, lighting, size, and shape. The concept of shopping with virtual shelves and QR codes
originates from the offline-to-online (O20) approach of the click-and-mortar business model. Therefore, in
an offline state, backlit image technology is required to change walls into shelves that resemble those of
physical retail stores and to make the products appear real. Visually appealing virtual shelves are more eye-
catching and tend to enhance the purchase intention of consumers (Darrell, 2011).

Previous research on consumer behavior has revealed that, when all other conditions are equal, visually
attractive products lead to more favorable purchase attitudes than do visually unattractive products (van der
Heijden, 2003). In 2003, van der Heijden defined perceived visual attractiveness as “the degree to which a
person believes that the website is aesthetically pleasing to the eye”. The study of van der Heijden
demonstrated that the visual attractiveness of websites is associated with positive consumer beliefs. In other
words, website designs with greater visual attractiveness should enhance consumer perceptions of
usefulness and ease of use. Van der Heijden also noted that the most eye-catching visual elements of a
website are color and overall layout. In a psychological experiment, Dion et al. (1972) reached the
conclusion that “what is beautiful is usable”. This implies that external visual cues can change how an
individual judges the inherent nature (e.g. capability, performance, usefulness, and ease of use) of people,
matters, or objects. In the context of this study, van der Heijden’s findings can be interpreted to mean that
visually attractive virtual shelves are likely to be perceived as having greater usefulness and better ease of
use than unattractive virtual shelves. Therefore, this study posits:

H3a: Greater visual attractiveness has a positive influence on the perceived usefulness of mobile shopping
with virtual shelves and QR codes.

H3b: Greater visual attractiveness has a positive influence on the perceived ease of use of mobile shopping
with virtual shelves and QR codes.

Perceived time risk

In a marketing context, perceived risks include the degree of uncertainty that consumers feel and the
adverse consequences that consumers expect when purchasing a product or service (Dowling and Staelin,
1994). Relevant research has shown that consumers who shop online are most easily affected by risks
associated with time, money, and the product itself (Bhatnagar and Ghosh, 2004; Forsythe and Shi, 2003;
Forsythe et al., 2006). As mobile shopping applications that feature virtual shelves with QR codes place
significant emphasis on speed, the greatest difference between these mobile shopping platforms and
traditional online shopping platforms that are operated using a PC is the time required to complete the
shopping process. If the Wi-Fi reception is poor, the shopping process may be slowed and/or product
information will not be fully displayed. This unnecessarily prolongs the time required to complete an online
shopping transaction, thereby frustrating consumers.

Fagih (2013) posited that people are susceptible to a certain degree of risk when they purchase a product
over an online shopping platform. Perceived risk increases the uncertainty associated with shopping;
therefore, when consumers perceive a greater degree of uncertainty, it reduces their willingness to make a
purchase. Lee (2009) reported that time is a crucial factor in online shopping and can be used to predict
online purchasing behavior. Time-oriented mobile shoppers are more likely to be concerned with the
potential for a new internet service to waste time, which includes the time spent learning how to use the
service. If time-oriented consumers feel that some internet service (such as an online shopping platform)
involves greater switching, setup, and maintenance costs, they are likely to be less willing to use that
internet service (Featherman and Pavlou, 2003; Forsythe and Shi, 2003).
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Mobile shoppers who attach significant importance to speed tend to be especially frustrated by wasted time
that results from difficulty viewing products or complex purchase procedures. This wasted time can in-turn
affect consumer perceptions of mobile shopping. Therefore, this study proposes the following hypotheses:

Hd4a: Lower perceived time risk has a positive influence on the perceived usefulness of mobile shopping
with virtual shelves and QR codes.

H4b: Lower perceived time risk should help to improve consumer perceptions pertaining to the ease of use
of mobile shopping applications that feature virtual shelves and QR codes.

Novelty seeking

Novelty seeking is a personality trait that dictates how inclined to try new products, services, or ideas a
customer will be. Novelty seeking is driven by an inherent tendency to seek diversity (Khare et al., 2010),
and Hirschman (1980) indicated that the novelty seeking behavior of a consumer influences his or her
willingness to seek information about new products. This trait plays a crucial role during the introduction
period of a novel product. Consumers who exhibit high novelty-seeking behavior tend to view new
technology positively; therefore, they tend to actively seek new products or services and greatly enjoy new
experiences (Jansson, 2011; Kim et al., 2010; Son and Han, 2011).

Bourlakis et al. (2009) observed that consumers tend to consider the virtual world to be a second world. In
the virtual world, consumers use virtual identities to search for and interact with people or things that they
are interested in. Furthermore, consumers can use the virtual world to compensate for novel experiences
that may be lacking in the real world. Consumers who exhibit high novelty-seeking behavior tend to be
more willing to pursue experiences and address challenges in the virtual world.

Venkatesh (2000) reported that consumer perceptions pertaining to the usefulness and ease of use of a
system vary according to their personal knowledge, capabilities, and experiences. Furthermore, when a
consumer is more familiar or experienced with a given system, they will tend to perceive that system as
being more useful and easy to use (Domina et al., 2012; Venkatesh, 2000). Hirschman (1980) and Manning
et al. (1995) indicated that consumers who exhibit high novelty-seeking behavior tend to be more willing to
look for, approach, and try new things. Resultantly, these consumers also gain greater knowledge about
computer systems and mobile shopping platforms and are able to operate them earlier. In other words,
experience allows consumers to learn how to apply technology more easily and thereby complete tasks
more successfully. Therefore, this study proposes the following hypotheses:

Hb5a: Greater novelty-seeking behaviour in consumers has a positive influence on the perceived usefulness
of mobile shopping with virtual shelves and QR codes.

H5b: Greater novelty-seeking behaviour in consumers has a positive influence on the perceived ease of use
of mobile shopping with virtual shelves and QR codes.

TAM and associated hypotheses

TAM primarily focuses on the process by which users accept new technology. Therefore, TAM places
considerable emphasis on the influence of perceived usefulness and perceived ease of use over personal
attitudes and intentions towards technology (Davis et al., 1989). Specifically, according to TAM theory,
perceived usefulness and perceived ease of use are key factors that determine whether a user will accept
and use an information technology, and the influence of these factors on the attitudes and behavioral
intentions of a user with regard to a new technology are ongoing and ultimately generate actual usage
behavior. Figure 1 illustrates the basic TAM structure.
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Fig 1. Technology Acceptance Model (TAM). Source: Davis et al. (1989)

TAM is the most commonly applied theory in the field of information systems, particularly when
addressing issues related to the internet (Crespo et al., 2009). Previous studies have used TAM to analyze
the adoption of online shopping (Crespo et al., 2009) and handheld internet devices (Bruner Il and Kumar,
2005). Therefore, investigations related to online shopping behavior and the adoption of m-commerce
systems have provided much support for the various hypotheses derived from TAM. Hence, this study
proposes the following research hypotheses:

H6: Consumer perceptions pertaining to the usefulness and ease of use of mobile shopping applications that
feature virtual shelves and QR codes are correlated.

H7: High levels of perceived usefulness should positively influence consumer attitudes towards mobile
shopping applications that feature virtual shelves and QR codes.

H8: High levels of perceived ease of use should positively influence consumer attitudes towards mobile
shopping applications that feature virtual shelves and QR codes.

H9: High levels of perceived usefulness should positively influence consumer intentions to use mobile
shopping applications that feature virtual shelves and QR codes.

H10: Improved attitudes towards mobile shopping applications that feature virtual shelves and QR codes
should positively influence consumer intention to use these platforms when making purchases.

Figure 2 illustrates the conceptual model developed by this study based on the aforementioned literature
and hypotheses.

Perceived
usefulness

Attitude
towardsuse

Visual
attractiveness

Intention to
H10 use

Perceived
ease of use

Fig. 2 Conceptual research model
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Methods
Measure development

The following section defines the external variables which were included in our conceptual model. Wi-Fi
accessibility was defined as the degree to which Wi-Fi can be accessed and used by consumers (Gajevic et.
al., 2013; Ismail, 2013). Interactivity of Ul was defined as the degree to which consumers can use their
mobile device to customize the format and content of the website as well as the degree to which consumers
are able to immediately communicate and interact with the system (Moran, 1981; Steuer, 1992; McMillan
and Hwang, 2002). Visual attractiveness refers to the visual appeal perceived by consumers when
examining the overall appearance of virtual shelves (van der Heijden, 2003). Perceived time risk refers to
the amount of time that can potentially be lost as a result of inconveniences encountered during the
shopping process. These inconveniences often involve difficulty viewing webpages, difficulty placing
orders, or delays in receiving the product (Forsythe, et. al., 2006). Novelty seeking behavior refers to the
tendency of a consumer to try new products, services, or ideas in order to gain fresh, variable, and
stimulating experiences (Khare, et. al., 2010; Hamer and Copeland, 1998).

For endogeneous variables, perceived usefulness refers to consumer perceptions about the degree to which
a given information technology or information technology system promotes the efficient completion of
tasks or the enhancement of work performance (Davis, 1989). Perceived ease of use refers to consumer
perceptions about the amount of effort required to use (or to learn how to use) a given information
technology or information technology system (Davis, 1989). Attitude towards use refers to the subjective
feelings that consumers have about whether a certain information technology or information technology
system will benefit or damage them (Taylor and Todd, 1995). Intention to use refers to the willingness of
consumers to use a given information technology or information technology system in the future (Taylor
and Todd, 1995). The nine constructs above were measured using 44 question items and a seven-point
Likert scale, with values from 1 to 7 indicating strong disagreement to strong agreement, respectively.
Question content and related references are provided in Appendix A.

Study subjects and data collection

The subjects of this study were consumers that had experience scanning QR codes using SHDs. This study
adopted a questionnaire survey method based on the convenience sampling approach. Subjects were asked
to watch a video about shopping with virtual shelves and QR codes to gain a better understanding of this
shopping model prior to completing the research questionnaire. Locations associated with this shopping
model were chosen as testing venues. Specifically, testing was conducted in areas where large numbers of
people wait for transportation, such as train stations, bus stations, and metro stations.

The interviewers contacted a total of 600 potential subjects. After eliminating 59 invalid questionnaires, a
total of 541 valid questionnaires were available for analysis. Structural equation modeling (SEM) requires a
minimum sample size. Bentler and Chou (1987) stated that, to establish a robust SEM, when the data
conform to a normal distribution, the sample size needs to be at least five times larger than the number of
variables included in the model. Conversely, when data do not present a normal distribution, the sample
size must be at least than 15 times larger than the number of variables included in the model. Loehlin
(1992) further proposed that SEM analysis should include a minimum of 100 samples; however, including
200 samples will improve the reliability of results. Therefore the 541 valid questionnaires analysed by this
study easily exceeds the number of samples required to perform reliable statistical analysis.

Among study subjects, 264 (48.8%) were male, and 277 (51.2%) were female. The majority of subjects
(356 or 65.8%) were between 21 and 30 years of age, and the second largest age group comprised 75
individuals (13.9%) who were 20 years old or younger. The highest level of education attained by a
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majority of subjects (384 or 71%) was a bachelor’s degree, while 95 subjects (18.1%) had attained a
master’s degree. In terms of occupation, students comprised the largest group of subjects (188 or 34.8%),
whereas the next largest group (131 or 24.2%) worked in the service industry. In terms of internet access,
474 subjects (87.6%) had internet access on their cell phones, and 67 subjects (12.4%) did not have internet
access on their cell phones.

Analysis and Results

Structural equation modeling (SEM) was used to test the model of this study, and standardized solutions
were computed in SmartPLS 2.0 software using the partial least squares (PLS) approach. PLS is a
component-based SEM analysis tool. Grounded in analysis of variance techniques, PLS is based on the
core concept of regression and uses the principal component method to predict and explain linear
relationships among constructs (Aiken and West, 1991; Wilson, 2010; Tsao et al., 2016). Thanks to looser
restrictions with regard to sample distribution and size, a superior capacity to analyze complex prediction
models, and easy application, PLS has become popular with researchers in various fields (Chin and
Newsted, 1999; Wang et al., 2004).

Measurement model

Measurement models mainly serve to assess the quality of question item design, which depends greatly on
whether the manifest variables (i.e., the question items) adequately evaluate and explain their
corresponding constructs. Common evaluation indices include reliability, convergent validity, and
discriminant validity (Anderson & Gerbing. 1988; Wang et al., 2011). This study applied confirmatory
factor analysis to determine the unidimensionality of each construct (Anderson & Gerbing, 1988). As
illustrated in Table 1, all Cronbach’s alpha estimates were > 0.7 (ranging from 0.815 to 0.944), and
composite reliabilities were > 0.6. Therefore, the final return shows that all nine constructs present high
internal consistency (Fornell, 1992).

Construct validity was verified using convergent validity and discriminant validity. With regard to
convergent validity, researchers suggest that (1) factor loadings should exceed 0.5 (Hair et al. 1998) and (2)
the composite reliability of constructs should exceed 0.6 (Fornell 1992). The constructs used in this
research (Table 1) met both of these standards; therefore, the questionnaire used by this paper possesses
convergent validity. Fornell and Larcker (1981) reported that, to ensure discriminant validity, the shared
variance among any two constructs (i.e., the square of the intercorrelation) must be less than the AVE of
each construct. For each construct, AVE values (shown in Table 2) exceeded values which define the
variance that is shared with other constructs. This is a clear indication that the nine constructs employed in
this study exhibit discriminant validity.

Table 1 Descriptive statistics for measurement scales (latent variables)

Standardize  Composite ~ Cronbach’s

Construct Items Mean S.D. d loadings reliability alpha AVE

WAL 5.763 1.411 0.814

Wi-Fi accessibility WA2 6.194 1.119 0.833
(WA) WA3 5.745 1.434 0.791 0.891 0.838 0.671

WA4 5.889 1.340 0.837

ull 5.701 1.206 0.816

ul2 5.756 1.212 0.832

Interactivity of Ul ulI3 6.028 1.106 0.817
ul) Ul4 6142 985 0.831 0.907 0876 0620

ul5 5.797 1.254 0.731

ul6 5.743 1.241 0.685
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VA1l 5.396 1.230 0.723
VA2 5.586 1.102 0.763
Visual attractiveness VA3 5.342 1.272 0.759
(VA) VA4 5.433 1.196 0.836 0.903 0.873 0.610
VA5 5.224 1.291 0.796
VA6 5.545 1.179 0.803
Perceived TR3 4,150 1.540 0.908
time risk TR2 4,087 1.410 0.807 0.882 0.815 0.714
(TR) TR3 4.307 1.388 0.816
NS1 5.449 1.178 0.878
Novelty seeking NS2 5.512 1.165 0.881
(NS) NS3 5.584 1.092 0.874 0.936 0.915 0.746
NS4 5.185 1.308 0.808
NS5 5.455 1.225 0.875
PU1 5.449 1.189 0.841
Perceived PU2 5.294 1.268 0.845
usefulness EBZ gjgg 1522 8%2 0.933 0.913 0.698
(PU) PUS 5571  1.208 0.819
PUG 5.444 1.212 0.844
PEOU1 5.630 1.106 0.866
PEQU2 5.691 1.093 0.901
Perceived PEQU3 5.645 1.119 0.860
ease of use (PEOU) PEOU4 5.590 1.106 0.834 0.954 0.944 0.750
PEOU5 5.652 1.086 0.881
PEOU6 5.747 1.028 0.881
PEOU7 5.551 1.057 0.835
ATT1 5.575 1.144 0.870
Attitude towardsuse ~ ATT2 5.185 1.189 0.894
(ATT) ATT3 5.431 1.258 0.889 §.929 p.ges 0.766
ATT4 5.190 1.184 0.847
U1 4.758 1.270 0.933
Intention to use (1U) U2 4,715 1.285 0.950 0.950 0.921 0.863
U3 4.348 1.271 0.905
Table 2 Results of the Formell-Larcker test for the nine constructs
Construct WA ul VA TR NS PU PEOU ATT U
WA 0.671°
ul 0.332  0.620
VA 0.083 0.209 0.610
TR 0.013 0.001 0.001 0.714
NS 0.036 0.086  0.150 0.006 0.746
PU 0.097 0.229  0.255 0.013 0.130 0.698
PEOU 0.096 0.212 0.173 0.032 0.119  0.357 0.750
ATT 0.056 0.155 0.226 0.011 0.142  0.393 0.296 0.766
9] 0.034 0.082 0.141 0.039 0.096 0.368 0.226 0518 0.863

*Average variance extracted is shown on the diagonal; squares of intercorrelations are shown below the

diagonal.
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Structural model and hypothesis Testing

PLS does not require that the latent variables conform to a particular distribution; therefore, a bootstrap
resampling technique should be employed to determine whether any of the paths in the structural model are
significant (Wakeling and Morris, 2005; Chin, 2010). The statistics included in analytical results include
path coefficients, t-values, p-values, and R? values, which are provided in Table 3 and Fig. 3. As shown in
Fig. 3, the proportions of variance explained (R?) by the constructs of perceived usefulness, perceived ease
of use, attitude towards use, and intention to use ranged between 0.33 and 0.67, and therefore have
moderate explanatory power according to standards established by Chin (1998).

Table 3 Structural equations results for hypothesis testing

Hypothesis Path Sézgﬁﬁ;ﬁd t(%/allju;e Result
Hia Vgériélz\ilcecdezzgﬁlltnis_s) 0.028 (8322) Unsupported
Hib Perceived sase of s 0.084 Oozz)  Unsupported
R T
. Perceived ense of us 02747 Clay  Suppor
o Vpmamees s omst SHL sen
BN A e
i e ot o2 s
o S omom 82 e
oa percetved sseuiness 0.005" (gjggg) Support
Hob Percened ease of us 01877 (i  Support
o Tmumsins ome S s
- R
Ha Perceived igssa?;suztzea Attitude 0.264™ (gggg) Support
B e ome S e
w  Mwmmmssc o HS o

p<0.05; "p<0.01; ~ p<0.001.
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Fig. 3 Structural model estimation

As shown in Table 3, the external variables which exerted a significant positive influence on perceived
usefulness and perceived ease of use were interactivity of Ul, visual attractiveness, perceived time risk, and
novelty seeking. As a result, H2a, H2b, H3a, H3b, H4a, H4b, H5a, and H5b are supported, but Hla and
H1b are not. From these results, this study can infer that consumer perceptions of high interactivity in SHD
interfaces, greater visual attractiveness in the virtual shelves, and less time wasted during the shopping
process in addition to greater novelty-seeking behavior in the consumers themselves all promote their
perceptions of usefulness and ease of use in this type of mobile shopping. In contrast, accessibility of Wi-Fi
was not found to be an important consumer consideration. Table 3 also shows that (1) perceived ease of use
had a significant positive influence on perceived usefulness; (2) both perceived usefulness and perceived
ease of use had significant positive influences on attitude towards use; and (3) perceived usefulness and
attitude towards use had significant positive influences on intention to use. Therefore, H6-H10 are all
supported.

Furthermore, to obtain a detailed understanding about the overall influence of these five external variables
(i.e. Wi-Fi accessibility, interactivity of Ul, visual attractiveness, perceived time risk, and novelty seeking
behavior) on intention to use, this study conducted a path analysis and a total effect analysis. As shown in
Table 4, visual attractiveness had the greatest total effect, followed by interactivity of Ul, novelty seeking
behavior, and perceived time risk. In contrast, the total effect of Wi-Fi accessibility was not found to be
significant.

Table 4 Results of total effect analysis

Path Total effect t-value (S.D.) Ranking
Wi-Fi accessibility — Intention to use 0.043 1.618 (0.027) --
Interactivity of Ul — Intention to use 0.175™ 5.154 (0.034) #2
Visual attractiveness — Intention to use 0.190™" 7.080 (0.037) #1
Perceived time risk — Intention to use -0.112" 5.214 (0.021) #4
Novelty seeking — Intention to use 0.113™ 4.514 (0.025) #3

"p<0.05; "p<0.01; ~ p<0.001.
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Discussion
Summary of findings

Path coefficients and total effect analysis revealed that interactivity of Ul, visual attractiveness, perceived
time risk, and novelty seeking behavior all had a critical influence on consumer intention to use mobile
shopping platforms that feature virtual shelves and QR codes. Visual attractiveness was found to have the
greatest total effect, whereby consumers perceived greater usefulness and better ease of use when they
regarded the overall appearance of the virtual shelves (characterized by factors such as color matching,
merchandise display, image presentation, and lighting effects) as being aesthetically pleasing. This in turn
promoted positive attitudes towards the mobile shopping platform and ultimately influenced intention to
use. The importance of visual attractiveness in increasing perceived usefulness and perceived ease of use
was demonstrated in the study conducted by van der Heijden (2003) as well. Specifically, results of that
study also found that higher interactivity in mobile interfaces promoted the two-way and concurrent
communication of shopping information to consumers, thereby enabling consumers to download product
information quickly, which in-turn promotes greater intention to use. Furthermore, our findings showed
that perceived time risk (which is affected by factors such as how easily consumers can search for products
and the complexity of the order placement process) negatively impacts perceptions pertaining to the
usefulness and ease of use of mobile shopping platforms that feature virtual shelves and QR codes and also
reduces consumer willingness to adopt this mobile shopping technology. Finally, this study also revealed
that consumers who enjoy trying out new things and pursuing new experiences tend to be more accepting
of new technologies and novel ways of engaging in mobile shopping. As for the two essential positive
beliefs of perceived ease of use and perceived usefulness in the model, they both positively influenced the
attitude and intention of consumers with regard to the use of this type of mobile shopping as expected (H6
through H10). This result also corresponds to the findings of other studies (Gordon et al., 2003; Crespo et
al., 2009; Bruner 11 and Kumar, 2005), which again demonstrate the stability of the TAM.

This study sought to explain why our model did not identify the influence of Wi-Fi accessibility as being
significant by dividing subjects into two groups and then comparing them. Specifically, one group
comprised subjects who had internet access (3G/4G) on their cell phones and the other group comprised
subjects who did not. Results of this comparison revealed that, in the group that had internet access on their
cell phones (474 subjects), the influence of Wi-Fi accessibility on perceived usefulness (p = 0.032, t =
0.652) and perceived ease of use (B = 0.073, t = 1.548) was not significant. However, in the group that did
not have internet access on their cell phones (67 subjects), the influence of Wi-Fi accessibility on perceived
usefulness (B= 0.058, t = 2.029*) and perceived ease of use (B= 0.152, t = 3.746**) was significant. Based
on these findings, this study can infer that whether a personal SHD has internet access capabilities
confounds the influence of Wi-Fi accessibility in our model. This study therefore speculates that H1a and
H1b were rejected because the majority of subjects (88%) in this study owned an SHD with internet access.
Our study further suspects that, in countries or regions where mobile internet is uncommon due to high fees
or inadequate infrastructure, Wi-Fi accessibility remains a crucial factor in the successful promotion of
mobile shopping platforms that feature virtual shelves and QR codes. Indeed, the importance of Wi-Fi
accessibility helps explain why Facebook intends to setup 20,000 Wi-Fi hotspots in conjunction with its
entrance into the Indian internet market (UND, 2017).

Managerial implications and contributions

Results of this study indicate that the visual attractiveness of shelf design has the greatest influence on the
willingness of consumers to use virtual shelves. Virtual shelves with QR codes are presented using backlit
images in order to make the walls look similar to real display shelves that carry real products. Digital
signage can be controlled via a central computer server to support the display of dynamic media rather than
still images, and this can enhance visual attractiveness and capture consumer attention (Harrison and
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Andrusiewicz, 2004). When properly employed, digital signage can create a shopping mall-like
atmosphere, provide product information, explain the shopping process, and make shopping more
interesting (Newman et al., 2006). Furthermore, digital signage allows manufacturers to instantly adjust
product displays, prices, and promotional information, which in-turn helps reduce installation costs and
allows managers to be flexible with regard to product pricing and promotions. This study therefore suggests
that virtual shelves should be installed using large liquid crystal screens or digital signage with good sound
and lighting effects to better promote mobile shopping. Moreover, incorporating Universal Touching Point
(UTP) technology into digital signage to link to near-end m-commerce services, should promote greater
interactivity and integration between retailers and consumers in different spaces via offline to online to
offline (02020) (China Times, 2013). 02020 applications involve retailers incorporating UTP
technology into virtual shelf systems so that when consumers complete their shopping, they can also obtain
information on related offers or promotions from the physical stores of said retailers or other retailers on
their SHD. By shaking their SHD, they can then download a voucher for the offer or promotion. In this
way, consumers can be promoted to return from shopping via virtual channels to shopping via physical
channels.

This study also found that the degree of interactivity between the user and SHD interface was a crucial
determinant of consumer willingness to use mobile shopping applications that feature virtual shelves and
QR codes. This study suggests that, in establishing the shopping process, special attention is paid to
software aspects (such as the mobile shopping app and the layout of product information) and the ability of
the user interface to operate smoothly on SHDs of different brands. If possible, retailers should conduct
tests to identify and eliminate possible issues that users may encounter while interacting with virtual
shelves and QR codes on different SHD brands. Troubleshooting tips can also be provided on the mobile
sites which host the virtual shelves. Furthermore, given that consumers with high novelty-seeking behavior
exhibit increased acceptance of mobile shopping and virtual shelf technology, it is suggested that retailers
include a greater number of novel, innovative, fun, and interactive elements that support marketing
strategies aimed at target consumers (such as commuters who are pressured for time). Finally, this study
suggests that retailers (1) display instructions which explain the dynamic shopping process next to the
virtual shelves and (2) either provide free Wi-Fi within the vicinity of the virtual shelves or install the
virtual shelves in public areas that already offer free Wi-Fi. This will ensure that consumers can access a
stable and smooth internet connection, thereby lowering expectations that mobile shopping applications
will cause them to waste time.

Limitations and future research

This study has a number of limitations. First, the five external variables that were included in the research
model were compiled from a literature review and expert interviews but did not take into account opinions
from consumers themselves. This study suggests that future research include pilot studies in order to
integrate opinions from both retailers and consumers. Such pilot studies should ensure greater objectivity
and provide the external variables with a stronger theoretical foundation. Second, time and resource
limitations required that testing be restricted to Taipei City, the area of Taiwan where Wi-Fi is the most
widespread. Therefore, the conclusions of this study may not be applicable in central or southern Taiwan,
where Wi-Fi is less common. It is suggested that future research take regional differences into account
when choosing test locations in order to increase the generalizability of results.

Finally, mobile shopping with virtual shelves and QR codes is not yet popular in Taiwan. Most of the
subjects included in this study only understood this new shopping model after watching our video and
reading relevant documentation. Therefore, our results are more applicable to populations that have not
previously used this method of shopping. When virtual shelves with QR codes become more common, a
greater amount of data from consumers with relevant mobile shopping experience should be available for
analysis. Results of such an analysis should more accurately reflect the feelings and subsequent behavioral
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intentions of new consumers with regard to mobile shopping applications that feature virtual shelves and
QR codes.
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Appendix A. Content of the questionnaire

This appendix contains the statements that were used in the questionnaire survey. Respondents were asked
to report the degree to which they agreed or disagreed with the statements using a seven-point Likert scale.

Wi-Fi accessibility (adapted from Ismail, 2013, o= .838)

When I use mobile shopping with QR codes, .....

WAL .....Wi-Fi is available when | need it.

WA?2 .....the Wi-Fi connection process is simple.

WA3 .....I can easily understand how to set-up a Wi-Fi account and password.
WAA4 ....Wi-Fi is easy to access and use.

Interactivity of Ul (adapted from McMillan and Hwang, 2002, o= .876)

When | use mobile shopping platforms that feature virtual shelves and QR codes, the user interface of
my mobile device...

UI1 .....enables two-way communication of shopping information.

UI2 .....enables concurrent communication of shopping information and the receipt of instant
responses.

UI3 .....loads the shopping information that I need quickly.

Ul4 .....operates at high speed.

UlI5 .....displays a variety of shopping information.

Ul6 .....keeps my attention with the shopping information displayed.

Visual attractiveness (adapted from van der Heijden, 2003, o= .873)
The virtual shelves.....

VAL .....use matched colors that are attractive.

VA2 ....have an attractive layout.

VA3 .....have backlit product images that make the products appear real.
VA4 .....have backlit product images that increase the appeal of products.
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VAGS .....have appealing lighting effects.
VA6 Overall, | find that that the virtual shelves look attractive.

Perceived time risk (adapted from Forsythe et. al., 2006, 0=.815)

| feel that this type of mobile shopping platform.....

TR1 ....has an overly complicated ordering process.

TR2 .... makes it difficult to find the products I need.

TR3 ..... requires a lot of time to display product information and pictures.

Novelty seeking (adopted from Dabholkar and Bagozzi, 2002; Khare et. al., 2010, 0=.915)

NS1 I am always seeking new ideas and experiences.

NS2 When things get boring, | like to try new and unfamiliar experiences.

NS3 I enjoy going to places where | will be exposed to information about new products and services.
NS4 | enjoy participating in various activities.

NS5 I like to experience novelty and change in my daily routine.

Perceived usefulness (adapted from Davis, 1989; 1993, 0=.913)
This type of mobile shopping platform will.....

PU1 .....enable me to complete my shopping more quickly.

PU2 .....increase my shopping effectiveness.

PU3 .....help me shop more efficiently.

PU4 .....reduce my shopping costs.

PU5 .....make shopping simpler.

PUG6 Overall, this way of shopping is useful.

Perceived ease of use (adapted from Davis, 1989; 1993, a=.944)
This method of mobile shopping.....

PEQUL .....is easy to learn.

PEQOU? .....is easy to operate.

PEQUS .....does not require too much effort.

PEQUA4 .....is easy to grasp.

PEQUS .....is clear and easy to understand.

PEQOUEG .....is easy to get the hang of.

PEOUY Overall, this way of shopping is easy to use.

Attitude towards use (adapted from Taylor and Todd, 1995, a=.898)
Shopping with this type of mobile platform.....

ATTL1 .....is a good idea.

ATT?2 .....is a wise idea.

ATT3 .....is pleasant.

ATTA4 1 like the idea of using this type of mobile shopping platform.

Intention to use (adapted from Taylor and Todd, 1995, o= .921)

In the future, I ..... mobile shopping platforms that feature virtual shelves and QR codes.
UI1 .....intend to use...

UI2 ....intend to frequently use...

UI3 .... intend to fulfill my shopping needs using...
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