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1. Introduction

Technology has significantly changed consumers’ lives and
is likely to shape the future of business and marketing in
particular. As an illustration, changes in technology have
affordedmarketers access to consumers andmassive amounts
of data on patterns of their behaviors that someone has to
transformbefore they can be useful for decision-making.This
rapid evolution in technology and its effect on the growth
of the complexity of business environments are giving rise
to both opportunities and challenges from a marketing per-
spective, deserving research attention. Therefore, researchers
should make an effort to study how organizations can take
advantage of these opportunities and face these challenges.
In this context, advancing the analysis of nondeterministic
marketing problems is imperative.

The distinction between simple, complicated, complex,
and chaotic systems provides an excellent context for solving
strategic marketing problems. Too often marketing strategies
are based on simple and at best complicated systems in which
the relationship between causes and effects requires analysis.
When in actual fact marketing operates in complex systems
such as markets, where cause and effect can only be perceived
in retrospect, marketers need to embrace this complexity
and evolve strategies for dealing better with these challenges.
In order to develop effective marketing strategies, we need
to better understand the new trends in consumer behavior
which could enable companies to adapt and to make better
decisions. Themain complexity is dealing with the increasing
product variety and changing consumer demands, which
is forcing marketers to abandon undifferentiated marketing

strategies and even niche marketing strategies and to adopt
a mass customization process interacting one-to-one with
their customers. Today, new technologies and new sources
of information about consumer behavior are emerging and
can helpmanagers to understand this in great detail: big data,
neuromarketing, interactive communication media, and so
forth.

This special issue gathers original and constructive con-
tributions dealing with these questions in order to improve
our knowledge of the complexity of marketing in under-
standing the new consumer. Therefore, the papers address
the recent advances of marketing in meeting the new con-
sumer trends and present effective marketing strategies to
face the upcoming technological challenges. This special
issue analyzes four major topics that show the complexity
of consumer behavior from the marketing perspective: the
adoption of new technologies, the value cocreation in virtual
environments, the factors that influence purchasing behavior,
and different elements of postpurchase behavior, such as
satisfaction and word-of-mouth.

2. Adoption of New Technologies

In today’s world, new products and new technologies are
emerging every day. It is important to know the reasons
why one technology is more successful than another [1].
Technology acceptance models, such as TAM [2] or UTAUT
[3], make it possible to understand these reasons. This special
issue includes two papers on this subject.

The first one, “Key Factors for In-Store Smartphone
Use in an Omnichannel Experience: Millennials vs.
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Nonmillennials” by A. Mosquera et al., aims to identify
the key factors that influence customers’ intentions to use
smartphones in-store along with their actual behavior,
differentiating between millennials and nonmillennials, as
millennials are considered digital natives and early adopters
of new technologies. The results of this research indicate that
habit, performance expectancy, and hedonic motivation are
the strongest predictors of in-store smartphone use for both
groups (millennials and nonmillennials). However, the study
shows that the only differences between these two groups
with regard to the use of smartphones in-store are the effects
of behavioral intention and habit on use behavior. Managers
should bear in mind that, although the mobile phone is
revolutionizing the purchasing process, the physical store is
still the preferred channel to make purchases. It is important
for retailers to think of the physical store not only in terms of
sales generation, but also as a means of enriching the user’s
engagement with the consumer experience and the services
that can only be offered in the physical channel.

In the second paper entitled “Complexity in the Accep-
tance of Sustainable Search Engines on the Internet: An
Analysis of Unobserved Heterogeneity with FIMIX-PLS” by
P. Palos-Sánchez et al., the authors present a technology
acceptance model including trust as an external variable
added to explain the use of Internet search engines. Based
on a method to discover the heterogeneity not observed in
the structural model, this research identifies three different
user behaviors.This analysis shows how the complexity of the
consumer of technological tools can be addressed in a more
efficient way through advanced statistical techniques.

3. Value Cocreation in Virtual Environments

Companies have been developing strategies for co-creating
value with their clients for some time [4, 5]. However,
currently, its importance has grown thanks to the develop-
ment of virtual communities on the Internet. In the article
“Does Use of Different Platforms Influence the Relationship
between Cocreation Value-in-Use and Participants’ Cocre-
ation Behaviors? An Application in Third-Party Managed
Virtual Communities,” N. Rubio et al. explore the relation-
ship between perceived cocreation value-in-use and cocre-
ation behaviors in a third-party managed virtual community
founded in a theoretical model. On the basis of a structural
equation model to assess customer perceptions, an important
result of the research supports the conceptualization and
dimensions of the value-in-use of the participants of third-
party managed virtual communities. This paper illustrates
how complex concepts associated with the online consumer
behavior can be analyzed through their decomposition into
dimensions, and how this task is assisted by modern model-
ing techniques.

4. Determinants of Consumer
Purchasing Behavior

Understanding the motivations that lead a consumer to pur-
chase a product, beyond the price, is a complex issue [6] that
can vary significantly from one product to another [7]. This

special issue includes this problem for two different products:
cars and gastronomic products. Cars are characterized as
utilitarian and durable products, while gastronomic products
have a greater hedonic component and are highly fungible.

On the one hand, Y. Tian et al. wrote the paper “Research
on Supply Chain Stability Driven by Consumer’s Channel
Preference Based on Complexity Theory” which studies the
pricing problem in supply chain with one manufacturer who
supplies an identical product as two retailers. The rapid
development of Internet technology has led manufacturers
to transfer from traditional retailing to the combination of
traditional and electronic retailing, using a multichannel
selling. The findings indicate that the competitions between
retailers are helpful for the manufacturers. However, when
the competition is fierce, the traditional and online channel
can be replaced by each other, and the system will evolve into
a chaotic state.

On the other hand, the paper “Relation of Country-
of-Origin Effect, Culture, and Type of Product with the
Consumer’s Shopping Intention: An Analysis for Small-
and Medium-Sized Enterprises” by J. M. Berbel-Pineda et
al. addresses the topic of tourists’ purchase intention of
gastronomic products when they return to their home. The
authors find that the gastronomic culture of the tourists and
their evaluation when testing the products during the trip
are the key elements that influence their intention to carry
on buying these products. However, the country of origin
of the gastronomic products also affects tourists’ purchase
intention. The results provide strategies for those small gas-
tronomic companies willing to compete in the international
market.

5. Postpurchase Behavior

Finally, in the paper “Predicting Thalasso Tourist Delight: A
Hybrid SEM—Artificial Intelligence Analysis”, A. J. Sánchez-
Medina et al. study two important elements of postpurchase
behavior [8]: the satisfaction and the word-of-mouth. Con-
sumer satisfaction is a complex subject because it is necessary
to analyze several dimensions to explain it accurately. In this
sense, the authors study the influence of these variables on the
global satisfaction perceived by thalassotherapy customers.
They find a strong relationship between the dimensions and
their satisfaction, and also between their level of satisfaction
and their intention to generate word-of-mouth. To conclude,
they identify the key elements to delight customers.

6. Conclusions

A set of papers revealing the complexity of analyzing con-
sumer behavior from the marketing point of view has been
collected over this issue. Beyond globalization, and of the
billions of potential customers that companies can find on
the Internet, today organizations have the opportunity to
address smaller market segments and even to customize their
offers. Therefore, companies face increasingly heterogeneous
markets, where success is difficult. Entering the mind of
consumers and understanding their purchasing behavior
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constitute one of the greatest challenges in which researchers
should be involved.
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Despite an increasing amount of research on cocreation value, research on participants’ value-in-use in third-partymanaged virtual
communities remains limited. This study explores how participants perceive value-in-use through their participation in third-
party managed virtual communities and the influence of the participants’ value-in-use on three cocreation behaviors typical of
these communities: information searching, feedback, and coinnovation activities. Participant value-in-use is a multidimensional
construct consisting of five dimensions: informational value, entertainment value, social integrative value, personal integrative
value, and community interactivity. We also consider whether use of different platforms (website, mobile app, or both) exerts
a moderating effect on this cocreation process and identify significant differences in the relationships proposed based on the
platform the participants use to access the virtual community. The research is contrasted empirically using the virtual community
TripAdvisor.The PLS-SEMmethod is used to test themodel proposed. In comparing thewebsite andmobile appmodels, the results
show significantly stronger effects on the relationships in the route “informational value-participants’ value-in-use-information
searching” for the website. Also, we find a stronger route for personal integrative value-participants’ value-in-use-feedback among
users of the mobile app than for website users. In the case of participants who use only one platform (website or mobile app) rather
than both (website and mobile app), the weight of use of one technology rather than both is significantly greater in coinnovation.
This study enriches previous studies that advance theories of cocreation value and provides companies with practical guidance to
identify and encourage cocreation behaviors and enhance the perceived value-in-use of virtual community participants.

1. Introduction

The advent of Internet and increased accessibility of smart-
phone devices have enabled a new age of interaction and
substantially influenced traditional lifestyles. Individuals’
new forms of communication and consumption through
Internet have dramatically changed companies’ marketing
practices, which face increasingly competitive global contexts
with more sophisticated consumers and a growing need for
greater efficiency and customer satisfaction—that is, more
complex business environments. Internet users currently
favor dynamic informative websites (social networking, vir-
tual communities, etc.) to express their beliefs and comments
on services or products, among other behaviors [1]. Multiple

traditional companies’ websites lack such capabilities due
to their static nature and deficiency in cocreating value
with users who will be involved in long-term activities.
Companies that can exploit information and communication
technologies to encourage cocreation value-in-use will, how-
ever, ensure their survival and improve their firms’ business
results.

The theory and practice of contemporary marketing [2]
are steeped in Service Dominant Logic (SDL) [3]. Accord-
ing to SDL, value cocreation is a crucial concept widely
researched in offline environments. Despite consensus that
virtual communities constitute ideal ecosystems for develop-
ment of cocreation processes, their study is more recent and
limited in the digital environment [4].
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Claffey and Brady [5] identify three main types of vir-
tual community—member-initiated, firm-hosted, and third-
party managed. Member-initiated virtual communities are
established by like-minded individuals and can be socially
or professionally oriented. Examples include Android Free
Software Communities. Firm-hosted virtual communities
are created by firms to involve their customers in various
cocreation activities, such as product design, product testing,
product/service support, relationship building, understand-
ing consumer value perceptions, and increased word-of-
mouth communication. Third-party managed virtual com-
munities are established by a third party to facilitate exchange
of products, services, and information (e.g., eBay, TripAd-
visor). Given the specific characteristics of different virtual
communities, deeper analysis is needed of the cocreation
models that occur in each type [5].

The definition of value cocreation as a complex pro-
cess and its measurement through multidimensional scales
have been researched for member-initiated and firm-hosted
communities [6–15]. Compared to other types of virtual
communities, however, study of value cocreation in third-
party managed virtual communities is underdeveloped [16].
Studies of value cocreation in this type of community [16–19]
have limited the cocreation process to proactive participation
of users to exchange relevant information, knowledge, and
experiences (i.e., generation and transmission of content).

Based on the tenets of SDL, this research views value
cocreation in a third-party managed virtual community
as the process of creating perceived value-in-use for the
community through service exchanges within the ecosystem
of all actors (consumers, potential consumers, various service
firms housed on the platform, and managers of the website
itself) [2]. From this perspective, it is unclear how users
cocreate community value-in-use, how this value can be
assessed, and how such value is reflected in their cocreation
behaviors in the community.

Thanks to the proposal of an integrative model of value
cocreation in third-party managed virtual communities, and
more specifically in virtual communities of travelers, we can
answer the following questions: What dimensions make up
participants’ cocreation value-in-use? What are the cocre-
ation behaviors?What influence does participants’ cocreation
value-in-use exert on current cocreation behaviors? Do the
relationships among participants’ cocreation value-in-use
and current cocreation behaviors remain for participants
who use website and mobile app and those who use both
platforms?

Answering the questions proposed has great impor-
tance for management. It will help managers of third-party
managed virtual communities to identify and focus their
marketing efforts on the dimensions that both increase
the community’s value through the value-in-use that its
participants perceive and stimulate cocreation behaviors.The
long-term survival and value of the virtual community, as
well as the results for firms housed in the community, depend
greatly on a satisfactory value cocreation process.

This study’s first theoretical contribution is thus to
develop an integrative framework of user cocreation value
for third-party managed virtual communities. It makes this

contribution by identifying (1) the dimensions that constitute
users’ cocreation value-in-use in this context and (2) the rela-
tionship of users’ cocreation value-in-use to value cocreation
behaviors. Further, in a virtual context, we must remember
that today’s consumers are digital, hyperconnected, and
accustomed to using multiple devices (smartphones, tablets,
and desktop computers) [20]. Prior research shows that each
type of platform has its own characteristics, which condition
the participation of Internet users [16]. This study thus con-
siders the possible moderating effect of the platform/s used
in the relationship of the effect of participants’ cocreation
value-in-use on cocreation behaviors, distinguishing between
participants who only use one platform to access the virtual
community (whether website or mobile app) and those who
use both website and mobile app to access the virtual com-
munity. The moderating effect considered enables analysis
of the full process of user value cocreation in the third-
party managed virtual community from a multiplatform
perspective.

This study’s empirical contribution extends the infre-
quent use of a multidimensional focus to measure both par-
ticipants’ cocreation value-in-use and cocreation behaviors
related to virtual communities of travelers.This type of third-
party virtual community is of great interest, as it has revo-
lutionized the travel industry and the traveler’s behavior [19].
For example, TripAdvisor, an important virtual community of
travelers, accumulates 455 million users per month and over
600 million comments [21]. Nor has research analyzed how
the type of platform used to access the virtual community of
travelers influences the value cocreation process, even though
real data show that 85%of travelers have consulted this type of
community to plan their trip, 46% of whom use mobile apps
at the destination [22]. Prior research on value cocreation
in virtual communities of travelers has focused primarily on
detecting its antecedents and results. Antecedents identified
include characteristics of the environment—such as ease of
use, perceived utility, quality of information, attractiveness
of the medium [9, 11, 23], and individuals’ motivations [9, 11,
12, 18, 24–28]. Consequences analyzed include the influence
of participation in the community on brand equity and/or
intention to use the products or services housed in the
community [29, 30] and intention to use and recommend
these to the community itself [16, 31].

2. Literature Review

2.1. Cocreation and Determination of Community Value-in-
Use. The fundamental premises of SDL provide a suitable
framework for how value is created.Within the framework of
this new logic [2, 3], organizations do not create and deliver
value to passive consumers. Rather, value is cocreated or
“jointly created” by multiple actors—for example, stakehold-
ers, firms, and customers—always including the beneficiary
(premises 6 and 10, respectively) [2]. That is, value is created
in a unique way and determined phenomenologically by the
beneficiary. Along these lines, Prahalad and Ramaswamy
[32] stress that cocreation provides value in itself, since it
allows the actor to coconstruct personalized value to suit
his/her context. Apersonalized cocreation experience reflects
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how the individual chooses to interact with the experience
environment that another actor (e.g., the firm) facilitates.
Cocreation comes from the interaction of an individual
located in specific time and space in the context of a concrete
act. Organizations should always take into account the fact
that themore they focus on the consumer’s context and adjust
to the individual’s vital environment, the greater the value of
cocreation is. According to Kohler et al. [25] and Füller [33],
virtual communities represent ideal contexts for studying
cocreation, since they constitute spaces in which dialogue is
encouraged among actors who intervene in these commu-
nities and enables these actors to develop themselves fully,
thus becoming direct participants in their own cocreation
experiences.

In sum, SDL highlights that value is always cocreated
among multiple actors and determined by the beneficiary
through perceived value-in-use. Value-in-use is customers’
experiential evaluation of a product or service proposition
beyond its functional attributes and in accordance with their
individual motivation, specialized competencies, actions,
processes, and performance [34]. Following SDL, Tynan and
McKechnie [35], and Zhang et al. [9], this study defines
community value cocreation as the process of creating
perceived value-in-use for an online community through
network relationships and social interactions among all
actors in the ecosystem [4]. The focus of this study is to
present a metric that helps to assess the value-in-use of
online community participants in the process of community
value cocreation and to determine how this value influences
cocreation behaviors.

2.2. Dimensions of Value-in-Use for Participants in Third-
PartyManagedVirtual Communities. Prior research suggests
that cocreation value-in-use is a multidimensional concept
[4, 34]. The subdimensions identified by the literature on
cocreation are experience, personalization, and relationship
[34].These subdimensions are closely linked to users’ willing-
ness to cocreate community value-in-use. Online community
participants’ value-in-use refers to actors’ motivations to par-
ticipate actively in the process of community value cocreation
[4]. To understand the motives of virtual community partici-
pants, we draw on the well-established uses and gratifications
paradigm. Based on the theoretical framework of Dholakia
et al. [27] and Nambisan and Baron [26], we propose five
categories of value that motivate participation in virtual
communities. These include informational value; community
interactivity; and social, personal, and entertainment value.
(1) Informational value is value the participant derives from
acquiring and strengthening his/her understanding of the
environment; (2) community interactivity refers to benefits
derived from establishing and maintaining two-way com-
munication with other actors in the virtual community; (3)
social integrative value involves strengthening consumer’s
ties with relevant others; (4) personal integrative value
involves strengthening the individual’s credibility, status, and
confidence; and (5) entertainment value is derived from the
fun and relaxation involved in interacting with users.

The five categories of motivation mentioned above have
been widely validated in prior studies of cocreation in virtual

communities, by being contrasted for participants in virtual
brand communities [9, 10, 13, 36], and in online collaborative
forums [8] and experiments [20]. Based on the review per-
formed here, this study adopts the idea that cocreation value-
in-use for third-party managed virtual communities is a
multidimensional concept composed of the five motivational
values presented above.

2.3. Cocreation Behaviors in Third-Party Managed Virtual
Communities. In the online context, cocreation behaviors
have been limited to individuals’ participation in brand com-
munities, digital platforms, and social networks and to gener-
ation and exchange of content [26]. Different studies synthe-
size the definitions and dimensions of cocreation identified
in virtual environments [6, 7, 12, 18, 23, 37, 38].

On the one hand, we stress that different cocreation
behaviors distinguish specific virtual environments. For
example, video watching, video commenting, video produc-
ing, and video sharing are cocreation behaviors specific to
video sharing communities (i.e., [23]). Creating groups
and/or events, participating in them, sending and answering
invitations to friends, and visiting other users’ profiles are
behaviors characteristic of social networks [37]. On the other
hand, studies of virtual communities identify two cocreation
behaviors (see [6, 7]): (1) use of the community through
information searching and (2) participation in the commu-
nity by generating and sharing content with other community
members in order to take part in discussions, give feedback,
advice on products and/or services, etc. Although some
researchers do not consider consumption of content as cocre-
ation behavior in virtual communities and limit cocreation
to coproduction of content among actors (e.g., [18]), many
studies of virtual environments support cocreation behavior
as use of the virtual community to search for information
[23]. Coinnovation is another cocreation behavior stressed
by studies of cocreation in digital environments [38–40].
Coinnovation as a cocreation behavior is related to users’
participation in the community by providing ideas for man-
agement of products/services housed on it (for example,
proposing new modes of service, identifying new trends or
new users, etc.), as well as for the community itself (its
content, aesthetics, ease of use, etc.),

Along the lines of Vernette and Hamdi-Kidar [38], this
study synthesizes the cocreation behaviors that occur in a
third-party managed virtual community into three levels: (1)
a low level of cocreation, determined by use of the community
to search for information (for example, to plan a trip or
make a reservation), (2) a moderate level of cocreation,
defined through interaction with other users of the virtual
community, creating content and generating feedback (e.g.,
giving an opinion about a specific hotel or restaurant), and
finally (3) a high level of cocreation, in which participants
carry out coinnovation activities with both suppliers of the
services housed in the virtual community (e.g., proposing
new modes of service for a hotel or restaurant) and the
platform itself (e.g., proposing a new forum, new inter-
face to simplify the community’s website or mobile app,
etc.).
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2.4. Proposal of a Theoretical Model of Cocreation in Third-
Party Managed Virtual Communities. One very important
part of value-in-use of third-party managed virtual commu-
nities derives from the information on the products/services
about which comments are made (e.g., prices, character-
istics of products/services, etc.). The information—if it is
of good quality, that is, varied, up-to-date, precise, and
reliable—enables participants to plan their experiences and
find products/services better adapted to their interests and
facilitates prepurchase decisions. When participants can
undertake such actions, information searching behavior
(lurking) very often occurs [8, 9, 11, 13, 20, 28, 33, 41]. Further,
both the perception of entertainment and feeling part of the
community encourage information searching [23, 42].

Likewise, when users of the third-party managed virtual
community evaluate the information exchanged positively,
they enjoy themselves and can establish relational ties thanks
to community interactivity [43]. When they are recognized
as experts for their knowledge of a specific service or brand
[13, 20, 33], the feedback they generate will increase, in terms
of recommending the product/service to other users aswell as
communicating failures of the product/service and providing
ideas for its improvement [23, 26, 43].

Finally, it is important to note that third-party managed
virtual communities are very good ecosystems for developing
coinnovation activities [33], since these communities can
point in two directions—toward products/services housed
in the virtual community and toward management of the
community itself. This study argues that perceived value-
in-use for third-party managed virtual communities fosters
coinnovation activities, since the users who collaborate on
them (for example, by proposing new modes of service,
identifying trends, or contributing ideas for improvement of
the community’swebsite) do so because they aremotivated by
their knowledge and the recognition gained by participating
in this kind of activity (for example, the third-party man-
aged virtual community TripAdvisor gives users who make
comments a score based on their level of collaboration in the
community). They also do so because they enjoy expressing
their creativity while strengthening social ties and obtaining
responses to their suggestions [8, 44, 45].

2.5. Moderating Effect of the Use of Various Platforms in
the Cocreation Process. “Niche theory” is used to propose
the moderating effect of the type of platform used in the
relationships established between value-in-use perceived by
the user of the third-party managed virtual community and
cocreation behaviors. Niche theory was originally developed
in animal communities, but Dimmick [46] pioneered its use
from the multichannel marketing perspective to argue that
consumers tend to make choices about their participation
in the channels available (when and how they use the
different channels, for how much time, etc.) according to
the utility obtained from each channel. A new channel can
thus prosper depending on the utility it brings consumers.
When a new channel is developed, several things can occur:
(1) the most common one is that the new channel coexists
with the channels previously used, the channel that offers
greater utility partially displacing the one with least utility.

Further, when two channels coexist, providing similar util-
ities, simultaneous use of both can create a reinforcement
effect, improving favorable attitude toward and satisfaction
with both channels. The new channel may also completely
replace the previous one because the new channel clearly has
better perceived value, although this is not common. Niche
theory has been applied in prior research that explains the
interrelations established between perceived value and con-
sumers’ behavior (i.e., search for information), considering
the coexistence of interactive and traditional media [47] as
well as the simultaneous use of mobile Internet, PC Internet,
and traditional media [48].

Verleye [20] warns that, in contexts mediated by technol-
ogy as is the casewith virtual communities, the characteristics
of the environment (i.e., technologization and connectivity)
condition the value cocreation process. More specifically, for
the use of social media when organizing and taking vacation
trips, Parra-López et al. [49] find that certain factors, such
as ease of use and flexibility and clarity of the platform used,
determine community participants’ value-in-use and type of
participation. Thus, fromamultiplatform perspective and the
premise of niche theory, the cocreation process in a third-
party managed virtual community can be expected to vary
based on whether the user accesses the virtual community
exclusively through a single platform (the community’s web-
site or mobile app) or uses both platforms to access the
community.

For example, the mobile app involves greater time-space
flexibility than the website on the desktop. Prior studies
confirm that the mobile app enables the user to overcome
constraints of space and time [48], increasing the intensity
of the relationships established between community value-
in-use and the most advanced cocreation behaviors (for
example, feedback and coinnovation), since a tourist can
currently access a community of travelers at any time, at
any place, to rank and publish reviews, communicate with
other members of the community, present his/her ideas or
errors identified, etc. Since not enough theoretical evidence
has been found to support the corresponding hypothesis,
however, the following exploratory research question should
be considered:

RQ: What is the moderating effect of the platform/s used
(i.e., website, mobile app, or both platforms) on the relation-
ships established between perceived cocreation value-in-use of
the third-party managed virtual community and cocreation
behaviors?

Figure 1 shows the theoretical model proposed.

3. Methodology

To tackle the research goals proposed, we perform an empiri-
cal study of a sample of 600 users of TripAdvisor in Spain who
affirm that they share their service experiences through the
platform. The information was obtained by telephone survey.
The products and services housed on the platform (lodging,
restaurants, etc.) encourage analysis of cocreation behaviors
insofar as users show high involvement in and personaliza-
tion of the service experience (for example, preparing the
trip).
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Figure 1: Theoretical research model.

As to the sample profile, 45.2% of the survey respondents
comment 50% or more of the times they use the platform.
The highest percentage of users (74.2% of the sample) uses
the platform to comment on hotels, followed by 49.5% who
use it to comment on their experiences at restaurants. Slightly
over a third also use the platform to comment on flights and
vacation rentals.

As to the gender of the participants, 49.7% of the
survey respondents were men and 50.3% women. By age,
respondents were distributed as follows: 17.7% were under
25 years of age, 29% aged 26-35, 37.2% aged 36-50, 12.2%
aged 51-65, and 4% were over 65. By education level, 10.8%
of the participants had completed primary school, 39.3%
secondary school, and 49.5% university. By family income,
11.2% of the participants had an income of at least 1000
euros/month, 51.8% 1000-2000 euros, 29.7%2001-3000 euros,
and 6.8% over 3000 euros. The participants were primarily
members of two- or three-member households (61.2%); 41%
did not have children, 23.3% had one child, and 19.5% had
two.

The items used to measure the concepts were obtained
by adapting scales used previously in the academic literature.
First, for perceived value-in-use, the dimensions of informa-
tional value and personal integrative value were measured
by adapting the scale from Nambisan and Baron [26] and
Kuo and Feng [10]. Entertainment value and social integrative
value were measured by adapting the scale from Zhang et
al. [9]. To measure community interactivity, the scale from
Dholakia et al. [27] was adapted. Second, as to cocreation
behavior, information searching was measured by adapting
the items used in Yi and Gong [50]. For feedback, we adapted
the items from Yi and Gong [50], Xu and Li [7], and Hu

et al. [23]. Coinnovation was measured by adapting the scale
developed by Tonteri et al. [12].

All scales weremeasured using 11-point Likert scales from
0 (disagree completely) to 10 (agree completely) (Table 3). To
measure the moderating variable in modeling cocreation, we
used a single question asking individuals in the sample to
indicate whether they participated in the virtual community
of travelers using only the website, only the mobile app, or
both platforms.

4. Results

Scholars suggest that PLS is frequently used in exploratory
research, studies with small sample sizes, and nonnormal
data [51]. Given the research aim and data characteristics,
the partial least squares (PLS) path modeling is preferred
to analyze the data. Regarding sample size issues, this study
meets the rule of a minimum sample size, ten times the
maximum number of paths in the outer model and inner
model. SmartPLS3 was used to analyze the data. In order to
estimate the precision of the PLS estimates, a technique of
resampling (500 resamples) is used [51]. In this section, the
results of the proposed modeling for the general sample and
for the different platforms (i.e., website, mobile app, and both
platforms) are presented. First, the results of reliability and
validity for the sample are confirmed, and, second, the model
in Figure 1 is estimated using structural equations, without
including the moderating effect [52]. PLS path modeling
allows for the conceptualization of a hierarchical component
model. In this study, a second-order latent variable (third-
party managed virtual community cocreation value-in-use)
consists of five underlying first-order latent variables: (1)
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Table 1: Description of variables according to platform used to access the online travel community.

Variable/Construct Website + mobile app
(n=242)

Website
(n=277) Mobile app (n=80) F-Snedecor

Co-creation behaviors:
Information searching 7.94 (1.39) 7.61 (1.56) 7.95 (1.33) 3.69∗∗

Feedback 7.18 (1.41) 6.80 (1.82) 6.97 (1.73) 3.36∗∗

Co-innovation 6.27 (1.65) 5.71 (2.08) 6.28 (2.20) 6.24∗∗∗

Value-in-use:
Informational value 7.22 (1.40) 6.96 (1.70) 7.50 (1.13) 4.52∗∗

Community interactivity 6.32 (1.59) 5.98 (1.81) 6.66 (1.56) 5.95∗∗∗

Entertainment value 6.57 (1.67) 6.21 (2.11) 6.70 (1.62) 3.33∗∗

Social integrative value 5.18 (2.18) 4.89 (2.63) 5.59 (2.56) 2.73∗

Personal integrative value 7.19 (1.35) 7.00 (1.57) 7.05 (1.46) 1.08 (n.s.)
∗∗∗p<0.01; ∗∗p<0.05.

informational value; (2) community interactivity; (3) enter-
tainment value; (4) social integrative value; and (5) personal
integrative value.

Finally, the study considers the moderating effect and
performs a multigroup structural analysis (website, mobile
app, and both platforms). In order to identify a common
model for the three analyzed platforms, the study compares
pairs of parameters between structural models using a a t-test
based on the expression t = (𝛽i − 𝛽j)/square root (Si

2 + Sj
2),

in which 𝛽i and 𝛽j represent the coefficients to be contrasted
and Si and Sj their respective standard errors.

Recently, PLS-SEM application has expanded in mar-
keting research [53]. This study adopts the classic form
of divulgation of the measurement and structural results
previously used in studies that incorporate this methodology
(for example, [51, 54]). However, unlike the PLS-SEM appli-
cation made by Molinillo et al. [51], which has a different
aim, a central objective of this research is to develop the
dimensions that constitute users’ cocreation value-in-use.
Thus, this research incorporates a hierarchical component
model and more specifically a reflective-formative construct.
The use of PLS is particularly interesting for this aim
[55].

4.1. Measurement Model. First, as a preliminary analysis, we
tested for common method bias using the post hoc Harman’s
single-factor test. All construct variables were included in an
exploratory factor analysis, and the unrotated factor solution
was examined. No single factor accounted for the majority of
the variance in the variables [56].

Next, Table 1 presents the descriptive values of the model
variables for the whole sample and the differences obtained
among the three segments analyzed—use of the website only,
the mobile app only, or both platforms.

The variance analysis performed shows statistically sig-
nificant differences for all model variables except personal
integrative value. In general, we observe higher values for
value-in-use and cocreation behaviors among users of the
mobile app and multiplatform users. Among the dimensions
of value-in-use, informational value and personal integrative

value stand out, with values close to 7 in the different
platform/s considered. Social integrative value, in contrast,
shows the lowest values. Among cocreation behaviors, infor-
mation searching stands out, with values close to 8, followed
by feedback and coinnovation. The mean values for the seg-
ments analyzed show the greatest differences for the variables
of community interactivity and coinnovation, which favor
users of the mobile app and multiplatform users over website
users.

To evaluate the measurement model (this analysis was
replicated using AMOS 23; the model’s fit was satisfac-
tory (𝜒2/d.f.=2.06; CFI=0.97; NFI=0.95; IFI=0.97; GFI=0.93;
AGFI=0.91; RMSEA=0.04); the scale’s reliability and con-
vergent and discriminant validity were also confirmed), it
is necessary to confirm the quality of the measurement
scales (convergent and discriminant validity). In all cases, the
reliability statistics used, the Alpha Cronbach, and composite
reliability exceed the minimum value of 0.70 recommended
by literature. The variance extracted is greater than or equal
to 0.5, and all of the items have good convergent validity,
confirmed by the fact that all of the parameters are statistically
significant (see Table 2).

Also, two methods are used to check the discriminant
validity of PLS: (1) the Fornell-Larcker [57] criterion, which
analyzes whether the correlations between the constructs
are lower than each construct’s square root of AVE and the
(2) heterotrait-monotrait (HTMT [58]) ratio of correlations
between two constructs, which should be below 0.9. The
results in Table 3 indicate acceptable discriminant validity.

Tomeasure the community participants’ value-in-use, we
verified that value-in-use is a formative multidimensional
construct, as indicated by prior studies [4, 34]. First, we
must rule out the presence of multicollinearity. As shown in
Table 4, multicollinearity was assessed using variance infla-
tion factors (VIF). All VIFs were below the cut-off value of 5
[53]. We also evaluated the validity of the dimensions of the
participants’ value-in-use through the path coefficients. As
observed in Table 5, all coefficients were high and statistically
significant, supporting the idea that value-in-use was defined
correctly as a formative variable.
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Table 2: Analysis of reliability and validity of the reflective measurement scales.

Variables Li

Reliability Validity

Alpha Cronbach Composite
Reliability (CR)

Average
Variance
Extracted
(AVE)

t-values

Information Searching: When I visit TripAdvisor, before
using a specific service:
(i) I search for information in the comments from
other users of the service. 0.79

0.76 0.85 0.66
23.60

(ii) I take into account the comments of other users of
the service. 0.82 29.66

(iii) I consult the opinion forum. 0.83 42.15
Feedback: On TripAdvisor, when I have an opinion about
a service I have used,
(i) If I liked it, I say positive things about it. 0.77

0.87 0.90 0.61

32.72
(ii) If I liked it, I recommend it. 0.73 23.60
(iii) If I liked it, I encourage other users to use it. 0.79 32.63
(iv) If I have a good idea about how to improve the
service, I include it. 0.82 48.91

(v) When I have a problem with the service, I make it
known. 0.80 41.09

(vi) When I have a problem with the service, I give
ideas about how to solve it. 0.76 34.75

Co-innovation
I collaborate with TripAdvisor to improve:
(i) Its informative content. 0.86

0.92 0.94 0.72
60.02

(ii) Its aesthetics. 0.82 40.95
(iii) Its ease of use. 0.83 44.20
With the service firms, I:
(i) Propose new modes of service. 0.89 64.85
(ii) Identify new trends. 0.92 69.42
(iii) Propose ideas to identify new users. 0.90 65.55
Informational value: TripAdvisor enables me to know
(i) The services better. 0.82

0.81 0.89 0.72
32.53

(ii) The firms that provide the services. 0.88 66.13
(iii) The brands that the community evaluates as best. 0.85 38.12
Community interactivity: In TripAdvisor
(i) Other users respond to my comments. 0.90

0.85 0.91 0.77
98.30

(ii) The companies about which I express opinions
respond to my comments on services. 0.89 95.90

(iii) I generally receive responses to the comments I
make. 0.84 34.91

Entertainment value: participation in TripAdvisor:
(i) Entertains me. 0.89

0.87 0.92 0.80
66.04

(ii) Relaxes me. 0.87 68.34
(iii) Is fun. 0.91 117.38
Social integrative value: TripAdvisor enables me to:
(i) Broaden my social network. 0.96

0.95 0.97 0.92
286.62

(ii) Increase my affinity with the community of users. 0.95 171.47
(iii) Havemore social relationships. 0.96 217.22
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Table 2: Continued.

Variables Li

Reliability Validity

Alpha Cronbach Composite
Reliability (CR)

Average
Variance
Extracted
(AVE)

t-values

Personal integrative value: On TripAdvisor, I show my
level of “expertise” in the use of:
(i) TripAdvisor and similar platforms. 0.86

0.88 0.93 0.81
32.23

(ii) The services that TripAdvisor provides. 0.93 100.61
(iii) Services about which I post comments. 0.90 78.66

Table 3: Fornell-Larcker criterion (HTMT ratio).

Information
searching Feedback Co-

innovation
Informational

value
Community
interactivity

Entertainment
value

Social
integrative

value

Personal
integrative

value
Information
searching 0.81

Feedback 0.43 (0.53) 0.78
Co-innovation 0.34 (0.39) 0.55 (0.60) 0.85
Informational
value 0.50 (0.61) 0.48 (0.58) 0.45 (0.52) 0.85

Community
interactivity 0.33 (0.39) 0.57 (0.66) 0.61 (0.69) 0.44 (0.52) 0.87

Entertainment
value 0.34 (0.40) 0.52 (0.58) 0.59 (0.66) 0.39 (0.81) 0.54 (0.63) 0.89

Social integrative
value 0.29 (0.32) 0.45 (0.47) 0.65 (0.69) 0.39 (0.45) 0.59 (0.65) 0.67 (0.87) 0.96

Personal
integrative value 0.30 (0.35) 0.38 (0.43) 0.35 (0.39) 0.38 (0.44) 0.31 (0.34) 0.30 (0.68) 0.29 (0.31) 0.90

Note: the square roots of the AVE are in bold on the diagonal of the correlation matrix, and interconstruct correlations are shown off the diagonal.

In the following section, we confirm the predictive
validity of community participants’ value-in-use through its
effect on information searching, feedback, and coinnovation
estimated through the relationship model.

4.2. Structural Model. The hypothesized model (this analysis
of the full structural model was replicated using AMOS 23,
initially without including the moderator effect; the mod-
els’ fit was satisfactory (𝜒2/d.f.=2.09; CFI=0.97; NFI=0.95;
IFI=0.97; GFI=0.93; AGFI=0.90; RMSEA=0.04)) fits the data
well. First, R2 values for information searching, feedback, and
coinnovation indicate adequate explanatory power (infor-
mation searching: 0.22; feedback: 0.42; coinnovation: 0.54).
All values are above the limit of 0.1, accepted in academic
literature [51, 59].

As denoted in Table 5, all paths are significant with at
least 0.01 level. In addition, the Stone-Geisser test [60] was
estimated (Q2). The higher Q2 is, the higher the predictive
relevance of the tested model equation is [55]. This model
showsmedium and large impacts of community participants’
value-in-use on information searching (Q2=0.15), feedback
(Q2=0.23), and coinnovation (Q2=0.40). This result suggests
that the community participants’ value-in-use metric showed

good explanatory power, supporting its predictive validity, as
indicated in the previous section.

4.3. Moderating Effect of Platforms. After evaluating the
measurement model and structural model, we analyzed the
moderating effects of the digital platforms as a form of
participation in the virtual community of travelers (website,
mobile app, and both platforms) using a multigroup PLS
analysis. The results of each of the three models are shown
in Figure 2.

The findings show that all dimensions considered con-
tribute significantly to generating participants’ value-in-use
in the third-managed virtual community through the plat-
form(s) used (website, mobile app, and both). In addition,
community participants’ value-in-use has a significant pos-
itive effect on information searching, feedback, and coinno-
vation for any platform/s used. This finding suggests that the
value-in-use scale has good explanatory power for the three
cocreation behaviors considered and for any platform/s.

The significant differences between the parameters in the
models are shown in bold in Figure 2 and Table 6. In Table 6,
the p values of the differences between path coefficients
lower than 0.05 or higher than 0.95 indicate differences
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Table 4: Analysis of reliability and validity of the formative scale.

Higher-order factor model Path coefficients t-values VIF
Informational Value→Value-in-use 0.23∗∗∗ 21.00 1.39
Community Interactivity→Value-in-use 0.28∗∗∗ 23.13 1.74
Entertainment Value→Value-in-use 0.29∗∗∗ 26.63 1.97
Social Integrative Value→Value-in-use 0.33∗∗∗ 29.02 2.11
Personal Integrative Value→Value-in-use 0.20∗∗∗ 10.88 1.22
∗∗∗p<0.01.

∗∗∗: p<0.01; ∗∗p<0.05; ∗p<0.10

�ird-party managed
virtual community 

co-creation
value-in-use

App: 0.199∗
Web: 0.489∗∗∗
Both: 0.494∗∗∗

App: 0.791∗∗∗
Web: 0.658∗∗∗
Both: 0.581∗∗∗

App: 0.771∗∗∗
Web :0.770∗∗∗
Both: 0.638∗∗∗

App: 0.278∗∗∗
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App: 0.155∗∗∗
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Both: 0.252∗∗∗

App: 0.263∗∗∗
Web: 0.299∗∗∗
Both: 0.283∗∗∗

App: 0.351∗∗∗
Web: 0.339∗∗∗
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Figure 2: Relationship model.

Table 5: Results of relationship model.

Relationships Path
Value-in-use→ Information searching 0.46∗∗∗

Value-in-use→ Feedback 0.64∗∗∗

Value-in-use→Co-innovation 0.73∗∗∗
∗∗∗p<0.01.

between specific path coefficients across two groups at a 5%
significance level [61].

In comparing the website and mobile app models, we
find significantly stronger effects on the relationships in
the route “informational value-participants’ value-in-use-
information searching” for the website. This result may be
due to the fact that the variables that compose information

searching were measured during a period prior to enjoyment
of the service experience, such that participants in the virtual
community preferred the website to the mobile app for
obtaining information, since the quality and quantity of
information on the website are better than those on the app.
For example, the website provides suggestions in each section
(hotels, restaurants, etc.) and a ranking for each section
(hotels, restaurants, etc.) for the current year and for different
regions—information not available on the app. The design
of information on the website was also more attractive, for
example, in terms of image size. Thus, although the app has
the characteristic of providing information accessible to the
user at any time, at any place, its limitations in quantity
and quality of information relative to the website led to
better results for the website in the route informational value-
participants’ value-in-use-information searching.
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The weight of personal integrative value on value-in-
use, in contrast, is greater in the model for the mobile app,
surely because emergence and use of the mobile platform
to access the virtual community are more recent, such that
users who use it may feel a higher level of expertise in new
technologies, etc. Likewise, the effect of participants’ value-
in use on feedback (recommendations and complaints) is
more intense in the case of the mobile app, due surely to
the characteristics of this platform itself (accessible to the
user at any time, at any place, by merely holding the mobile),
encouraging generation and transmission of opinions at the
very time of the service experience and immediately after.
The results also show a stronger route for personal integrative
value-participants’ value-in-use-feedback among users of the
mobile app than for website users. Mobile app users perceive
greater value-in-use as a result of greater expertise and
are also the users who cocreate the most through active
feedback behavior that includes making recommendations
and complaints. These users may think and feel that their
recommendations and complaints are more useful for the
decision-making of others than do users who obtain value-
in-use through other elements.

On the other hand, if we compare the participants who
use only one platform (website or mobile app) rather than
both (website and mobile app), the weight of use of one
technology rather than both is significantly greater in coinno-
vation. As mentioned above, coinnovation activities require
a higher level of involvement from community participants,
since contributing ideas about trends in service and users and
collaborating to improve the virtual community itself (e.g.,
providing ideas that improve the usability and attractiveness
of the website) require both an effort of reflection and cre-
ativity and deeper knowledge of the use platform. Perceived
value-in-use strengthened by greater knowledge of a single
platformof use increases coinnovation relative to participants
who access the community through both platforms.

Finally, we would stress the high proportion of variance
explained in the three models for all constructs used except
that of information searching in the group that only uses
the mobile app. For the group that uses both platforms,
we obtain R2= 0.24 for information searching, R2=0.34 for
feedback, and R2= 0.41 for coinnovation. For the model of
participants who use only the website, R2=0.22 is explained
for information searching, R2=0.42 for feedback, and R2=
0.54 for coinnovation. Finally, in the model in which partici-
pation in the community occurs through themobile app only,
we obtain R2= 0.04 for information searching, R2=0.63 for
feedback, and R2= 0.59 for coinnovation.

5. Discussion

SDL [2, 3], cocreation literature [4, 34], and uses and grat-
ifications theory provided the theoretical foundation for
the conceptual model developed. As prior research has not
assessed the conceptualization and dimensions of third-
party managed virtual community participants’ value-in-
use, this study helps to close this knowledge gap by empir-
ically exploring the dimensions of participants’ value-in-
use for the virtual communities mentioned above. We find

informational value, entertainment value, social integrative
value, personal integrative value, and community interac-
tivity to be determinants of virtual community participants’
value-in-use.

Further, this study examines the process of cocreation in
a virtual community of travelers through a holistic approach
and by establishing and measuring the relationships in
these communities between participants’ value-in-use and
cocreation behaviors. This analysis thus extends existing
research, which has been limited to arguing the importance
of value cocreation in the context of virtual communities.
First, the proposed model identifies and integrates three
cocreation behaviors that occur in a virtual community of
travelers: information searching, feedback, and coinnovation.
Identifying these three behaviors enriches knowledge of
cocreation behavior in virtual communities of consumers and
users, study of which has frequently been tackled from a
one-dimensional perspective (i.e., intent to participate in this
community). Further, these three behaviors are associated
with three levels of cocreation (low, moderate, and high),
based on the effort and involvement they require of partic-
ipants. Dividing cocreation behaviors into levels facilitates
study of this variable in the virtual community of travelers.

Further, the study defines coinnovation and how it func-
tions in third-party managed virtual communities. Whereas
previous studies show the importance of virtual communities
as coinnovation platforms [39], this study demonstrates that
coinnovation activities in virtual communities of travelers
managed by third parties are expressed through (1) proposals
for improvement addressed to the actors housed in the virtual
community (proposal of newmodes of service, identification
of services that are a trend, characterization of new users,
etc.), as well as (2) contribution of ideas that encourage ease
of use, flexibility, and clarity addressed to the managers of
the virtual community to make the virtual community more
attractive. Coinnovation activities in both directions benefit
relational and business results for all stakeholders involved.

In sum, since prior studies show that each type of virtual
community has a different cocreation process, this study
enables research to obtain results adapted to third-party
managed virtual communities, particularly virtual commu-
nities of travelers, by identifying the variables that compose
perceived value-in-use for the community’s participants and
quantifying the effect of this value on the specific cocreation
behaviors of this type of community. The analysis stresses the
three dimensions weighted relatively higher: social integra-
tive values (0.33), entertainment value (0.29), and community
interconnectivity (0.28).

The study contributes to the existing literature on cocre-
ation value by responding to the suggestion by Verleye [20]
to introduce as moderating variable the use of multiple plat-
forms to access the virtual community. It examines whether
the type of platform used to access the virtual community of
travelers (website, mobile app, or both platforms) changes the
intensity of the relationship established between the value-
in-use perceived by the virtual community’s participants and
cocreation behaviors. To date, the moderating variables used
in studies that relate motivation for participation in the
virtual community to specific behavior have been aspects
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related either to the type of virtual community [27] or to the
community’s participants, such as sex [48]. We should not
neglect, however, that today’s consumers are hyperconnected
and can use multiple devices (smartphones, tablets, and
PCs) to interact with the environment, conditioning the
cocreation process. Our investigation makes an important
theoretical contribution in corroborating that the use of
different platforms to access the community of travelers has a
moderating effect on the proposed model.

The results show that the weight of the dimensions
considered in online traveler community participants’ value-
in-use varies depending on the type of platform access
considered, as does the intensity of the effect of participants’
value-in-use on cocreation behaviors. Statistically significant
differences are obtained in 10 of the 24 relationships esti-
mated, although in no case does the type of platform affect
the comparatively greater importance of the dimensions
social integrative value, entertainment value, and community
interactivity in the composition of value-in-use. On the con-
trary, the contributions of informational value and personal
integrative values to value-in-use differ significantly in the
three groups compared according to platform used to access
the community of travelers analyzed, as do all effects of value-
in-use on cocreation behaviors.

In light of these results, it can be said that, for a specific
level of value-in-use, using various platforms to access the
virtual community (website and mobile app) does not gener-
ate greater synergy of cocreation behaviors relative to access
through a single platform (only website or only mobile app).
For a given level of value-in-use, using the mobile app only or
the website only has a stronger positive influence on higher
cocreation levels (coinnovation) than using both platforms.
Virtual communities should thus be present through the
different platforms, so that their users can employ different
platforms based on their preferences, obtaining value-in-
use and transforming this value-in-use into higher levels
of cocreation, fundamentally into coinnovation activities. It
is also worth noting that development of mobile apps is
especially interesting to increase the positive influence of
value-in-use on the moderate level of cocreation (feedback),
due to these apps’ great potential in terms of connectivity and
ubiquity.

6. Conclusion

The results of this study contribute practical implications in
two directions: managers of virtual communities of travelers
and those in charge of the companies/brands about which the
comments are made. It is very important that both groups
understand the factors that contribute to both increasing
perception of community users’ value-in-use and detecting
the levels of participation in the community relative to infor-
mation searching, generation and transmission of feedback
and intent to participate in coinnovation activities. Such
understanding will enable managers to establish strategies
and action plans that foster these behaviors.

Our research also provides a practical suggestion for
firms that manage the virtual communities: exploit the
advantages of technology to stimulate users’ participation in

these communities. As the multigroup analysis shows, the
mobile app increases the feedback derived from value-in-use
relative to participants who only use the website. Mobile app
use also encourages coinnovation activities relative to users
whouse both thewebsite and themobile app, since themobile
app facilitates connection to users at any time, at any place.
This finding does not, however, reduce the importance of
the cocreation behaviors of participants who use only the
website. The website is the preferred platform for obtaining
informational value and the platform that most fosters the
search for information before carrying out the service experi-
ence. Participants who use only the website and who perceive
positively the value that the virtual community brings them
appear more inclined to participate in coinnovation activities
than do users who use both platforms. Managers of the
virtual community should thus encourage and homogenize
the user’s experience on both platforms for accessing the
virtual community (website and mobile app), since both
platforms encourage cocreation behaviors as long as users
perceive value-in-use for the community. Both platforms
should be attractive for users, since users can then choose one
or the other to carry out their cocreation behaviors based on
their experience, preferences, and circumstances.

We thus recommend establishing strategic plans based
on knowledge of the cocreation behaviors of the different
groups of participants, thereby providing users with the tools
needed to guarantee continuity in the cocreation behaviors
they perform, while also improving cocreation behaviors
performed to a lesser extent. For example, for participants
who use the mobile app only, managers should increase
the influence of value-in-use on information searching by
encouraging information searching through this platform
during the planning phase of the service.Thepositive effect of
value-in-use on feedback should be improved for participants
who use the website only, and this should be done by max-
imizing the simplicity of the process by which participants
write reviews through this platform and by stimulating par-
ticipants also to use the mobile app (e.g., through promotions
only available through that app), since this platform most
encourages generation of feedback. Finally, for participants
who access the community through both website and mobile
app, managers should encourage the positive influence of
perceived value-in-use on their coinnovation. For this group,
an incentive program could be applied based on participation
in coinnovation activities (e.g., prizes).

We can also identify areas for improvement in the
variables that compose participants’ value-in-use and con-
centrate resources on developing specific dimensions of this
value—for example, improving the average values of social
integrative value. To achieve this improvement, visibility of
topical forums within the online travel community (e.g., trips
with children, pets, etc.) could be increased, as well as forums
not directly related to the topics but encouraging exchange of
experiences (e.g., forums on gastronomy, leisure, etc.). Such
action may be especially beneficial for increasing ties and
affinity with other individuals in the group.

Finally, we recommend maximizing interactivity within
the community and making participants feel heard, that
is, responding to them and making them feel that they
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play a very important role in the service firms housed on
the virtual community, since these firms benefit most from
the feedback and coinnovation that participants generate.
Tourist firms that receive comments benefit directly from
knowing the suggestions for improvement users propose.
Management application of the valuable information that
participants provide in codesign activities such as proposing
newmodes of service, trends, forms of improvement, etc. has
direct repercussions for improving business results, as firms
can better identify the motivations and behavior of current
consumers and thus better satisfy the needs of the target
market. Likewise, the managers of virtual communities of
travelers benefit from users who propose improvements in
informational content, website aesthetics, etc., since making
these improvements in the virtual platform helps to improve
users’ perception of their ease of use and utility, with positive
repercussions for attitude (e.g., trust) and loyalty to the virtual
community of travelers.

We must note some limitations of this study, which can
give rise to future lines of research. First, the cocre-
ation behaviors were obtained through responses by survey
respondents based on their perceptions. It is thus advisable
to follow up by analyzing respondents’ real behavior on the
virtual community of travelers. Likewise, since the study was
performed with a group of participants representative of the
Spanish market, repetition of the study in other geographic
contexts would give it greater external validity. In addition,
there may be other cocreation behaviors not considered in
this model, such as aid to other members of the community
or participation in forums, which open a line to future
studies. Further, antecedents researched in the cocreation
literature could be incorporated to enrich the model pro-
posed (e.g., perceived support given by organizations) by
studying these antecedents’ influence on value-in-use. Other
different consequences of cocreation behaviors could also
be incorporated, such as relational results for the firm that
manages the virtual community of travelers or the firms
housed on the platform (e.g., identification, customer capital,
etc.). As the online travel literature indicates [16], it would
also be interesting to study the moderating effect of specific
variables, such as age, sex, income, education, or level of
expertise, on the relationships between participants’ value-in-
use and cocreation behaviors, as well as to contrast whether
the proposedmodeling can be applied to other types of virtual
communities.
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To obtain information about foreign markets is a very complex task for small- and medium-sized enterprises. This work’s aim is to
find out how certain variables are related to the consumer’s shopping intention. It will help these firms to get a better knowledge of
this intention. The work is specifically centred on products related to the gastronomy of a particular place. Through a sample of 154
tourists who visited this destination, we sought to know these products’ degree of acceptation. Via structural equation modelling, it
has been possible to determine the relevance which the variables of country of origin, gastronomic culture, and type of product have
regarding the shopping intention. The work’s novelty is to contribute a methodology of gathering information in the destination on
the likes and behaviour patterns of foreign consumers without the need of costly research in their countries of origin.

1. Introduction

Thanks to the use of information, communication, and logis-
tic technologies, the development of globalisation in these
past years has enabled all firms or activity sectors, whatever
the size, to be within reach of goods and services from any
part of the planet (e.g., [1, 2]). This globalising phenomenon
means that firms beginning their internationalisation seek
sustainable competitive advantages via the “made in” or
country brand influence (e.g., [3–5]).

The main aim of this research is to find out if a favourable
projection of the country of origin and the consumer’s
positive perception of this projection have a direct relation
with consumers’ shopping intentions. At the same time,
we mean to see the influence of culture and the perception

of certain gastronomic products on foreign consumers’
shopping intentions.

To carry out the study, we have selected as a target pop-
ulation the tourists visiting the city of Seville, one of Spain’s
most visited cities [6]. They did a tasting of products belong-
ing to firms participating in the project (related to the local
gastronomy). Afterwards, they filled out a questionnaire
which provided the information necessary for the study.

We have analysed a series of variables, such as the con-
sumer’s behaviour and the “made in” effect (country-of-
origin image) (e.g., [7–9]). The study will be centred on
this and other variables, for instance, culture (e.g., [10–12]),
the respondents’ knowledge of the product, their taste for
Spanish food, and their perception of Spanish products
(e.g., [13, 14]).
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It has become fundamental for exporting to foreign mar-
kets to find out this perception and the degree of acceptation
(as well as the consumption patterns) of these products,
whose common link is being part of the local gastronomy
and of the Mediterranean diet (so esteemed in the world for
its flavour and, especially, for being tremendously healthy).
But this knowledge is even more important for small- and
medium-sized enterprises which do not have the necessary
resources to carry out market research abroad. This results
in being very complicated for them to know the tastes and
needs concerning shopping and consumption [15–17].

This way of gathering information is going to enable
these firms to know, in origin, the tastes of foreign consumers
segmented by countries and, therefore, obtain important
information in their internationalisation process. This
research methodology is very useful for this kind of firms
due to the complexity of carrying out market research abroad
and the scarcity of resources, allowing them to know the
tastes and needs of foreign consumers. The main aim is to
find out how the country image (“country-of-origin effect”)
has an impact on the consumer behaviour regarding the
selection of products and how this can help firms in their for-
eign market selection process. This can lead to a competitive
advantage when competing with products from other coun-
tries with a lower or even negative country image.

The contribution of this work is eminently practical. It
does not add to the theoretical knowledge on the topic but
does carry out an application of this theoretical knowledge
to the business world. The variables have in general been
measured directly, and the questionnaire has been elaborated
from measures (of some of these variables) in previous stud-
ies. Nonetheless, it has also been worked out from the needs
of the participating firms concerning variables which they
wished to know about, referring to the shopping behaviour
and the consumption behaviour. The way in which the
information was collected is also novel, as it was done in ori-
gin, whereas this information tends to be collected in the
destination country markets. This has therefore become a
contribution of the paper.

The work is structured as follows. The first section has a
thorough analysis of the extant literature on the research
topic. On the other hand, we have centred ourselves on the-
ories of consumer behaviour and country image (“country-
of-origin effect”) and the relation between the shopping
behaviour and the perception of the product or the relation
with the culture. In the next section, the methodology details
the characteristics of the research carried out. The following
section presents the empirical analysis, examining and inter-
preting the results obtained. The last section specifies the
main conclusions, the implications for management, and
the work’s limitations.

2. Literature Review

2.1. Behaviour of the Consumer. It is important to know the
consumer’s behaviour and understand those factors which
can influence the decision-making process in the shopping
decision for specific products and services [18]. The study
of how consumers behave according to the country-of-

origin image of the products that they consume begins when
they are going to acquire a product or are going to make use
of a service to satisfy their needs. This is when the customer
faces a series of decisions to be made. These vary from
the type of product or the buying situation, and they define
this behaviour.

Schiffman et al. [18] determine the behaviour of the con-
sumer as “the behaviour that consumers display in searching
for, purchasing, shopping, using, and disposing of products
and services which they expect to satisfy their needs,” and
this encompasses “what they buy, why they buy it, when they
buy it, where they buy it, how often they buy it, how often
they use it, how they evaluate it after the purchase and the
impact of such evaluations on future purchases, and how
they dispose of it.”

The complexity of the choice will depend, as we have just
indicated, on the type of good and the shopping situation.
And this will lead to the consumers acting under great uncer-
tainty, due to the quality, the functioning, or the durability of
the good acquired not being known at the moment of pur-
chase. They can also face market uncertainty. According to
this, the same good is found on sale in different conditions
(distinct price or quality), without the consumers knowing
which good presents the best conditions (e.g., Leca, 2015
and [19, 20]). In this sense, the “made in” and country brand
influence can contribute to decreasing people’s uncertainty,
with supplementary and relevant information being added
when they make their decision [21].

Globalisation and market saturation have intensified the
level of competition to such extent that a country’s brand
image is highly important for firms and their products as this
image positively and negatively affects consumers’ behav-
iours [22]. The relevance of the country of origin in the
consumers’ behaviours towards brands can generate both
competitive advantages and disadvantages. Due to personal
experiences, information acquired, or stereotyped beliefs
about countries, consumers generate their own brand-
country images. If the valuations about the country of origin
are positive, this will propitiate a favourable perception of the
brands of products manufactured in this country [19, 23]. In
relation to this, it is worth pointing out that the brands from
countries with a better image are better placed to benefit
from high prices in contrast to those with a discount that
characterise the brands of countries which have a weak or
negative image.

It is also worth considering that the family affects the
beliefs, attitudes, and motivations of shoppers, that peer
groups will modify the person’s behaviour patterns, and that
culture defines the global behaviour pattern of a complete
community, establishing norms, behaviours, values, ideas,
beliefs, etc. [18].

2.2. The Country-of-Origin Effect and the Consumer’s
Behaviour. The country of origin has attracted the attention
of entrepreneurs because research shows that the image
associated with a specific country of origin affects the evalu-
ations that consumers make of that country’s products, as
well as the shopping intentions concerning these products
(e.g., [7, 9]).
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The country-of-origin image has been defined in many
ways over the years. Generally, the country image has been
used to refer to aspects associated with the country itself
and with its residents—such as identity, culture, political
environment, history, people, and economic and technologi-
cal development—but not with the country’s products [24].
The product’s aspect has been defined as the perception of
a particular country’s “made in” product category, referring
to stereotypes concerning the country [25]. Moreover, these
macro and micro concepts examine different things. The
country’s macro image centres on the country’s image, but
the micro image emphasises more the “made in” image of
products of certain countries.

The studies of the country image have also varied consid-
erably. This has meant that some discrepancies have arisen
about the issue to be analysed. These discrepancies may
be due to prior research having initially centred on the
aspect of the country’s “made in” or micro image.
Through this tendency, it was evaluated if changes in loca-
tions from industrialised countries to developing countries
reduced the production costs, which affected the products’
perceived quality [14]. Consequently, the macro country
image was ignored. In the past decades, studies have
begun to appear about the macro country image to explain
its influence on the preferences of the products acquired
by consumers [26, 27].

The country-of-origin image is considered a factor which
affects consumers, reducing the complexity of their shopping
decisions [28]. When studying the influence of the country of
origin, it is necessary to identify if the market is emerging or
not. In the case of emerging markets, the country of origin
has an influence on the product’s image, while the general
image of the country affects the consumers’ shopping
intentions [29].

The country of origin, which can refer to where a brand is
based (brand origin) or where a product is manufactured
(country of manufacture), is an important sign that con-
sumers consider when they evaluate a product. The products
which are offered by binational or multinational brands, the
brand origin, and the country of manufacture are often dif-
ferent. This difference is a source of ambiguity. It reduces
the evaluations that customers make about the products,
which affects the shopping intention [8].

The type of product is also important when studying the
influence of the country of origin and the shopping intention
[14]. Thus, Berry et al. [30] show that the country of origin
has an influence on the shopping intentions of consumers
in the case of meat. According to these authors, the country
of origin influences the food’s safeness, its taste, and its fresh-
ness. These factors in turn influence the shopping intention.

So, the brand-country image perceived by the consumers
will provide a differentiation of the product whenever the
brand image is consistent and recognised by the market as
it will provide numerous advantages. Examples of these are
the renown and recognition by the market, savings in the
investment of advertising and promotion, a greater speed in
the launching and distribution of new products, and the
entry into new markets [22]. Due to all these, centring on
Spain’s country image and the perception of our products

abroad, the hypothesis proposed in this research project is
as follows:

Hypothesis 1. The country-of-origin image perceived has a
direct and positive relation with the consumer’s purchasing
intention.

2.3. Gastronomic Culture and Consumer Behaviour.Gastron-
omy is part of a place’s culture [10, 11]. It has also become
one of the relevant factors in the consumer’s behaviour when
choosing tourist destinations, as well as in their behaviour in
the destination itself [12]. Consumers often behave influ-
enced by the place where they are, especially regarding gas-
tronomy, given that they prefer to be one more in the
destination and behave like a local consumer [31, 32].

Indeed, a place’s gastronomy can be encompassed in the
context of cultural tourism as the gastronomic experience
which each place offers is one of the attractions of the trip.
The relation between the consumer’s behaviour and food
enables analysing one of the most interesting dynamics of
the current use of the gastronomic heritage [33].

The local gastronomy therefore becomes a significant
tourist resource, being part of the cultural heritage of the
geographic areas visited by tourists [34]. Gastronomy is
even sought as a reflection of a geographic area’s cultural
identity [12].

According to Mascarenhas and Gândara [35], food prac-
tices are full of meanings. From the choice of what is edible or
not to the way of preparing it, serving it, and consuming it,
we can appreciate the food characteristics linked with the
culture and the society. Tourism is considered one of the
elements which use regional food in its activities.

In the Spanish case, its gastronomy is beginning to be
recognised at an international level for different attributes,
such as its innovative character, its variety, its healthiness,
and the quality of its raw materials. Furthermore, the concept
of meals through “tapas” (typical of Spain) is increasingly
more known and accepted, even being introduced in other
countries [36, 37].

To sum up, the behaviour of the consumers as to their
shopping or consumption intentions can be seen reflected
in the following relation where a link is established between
a specific place’s gastronomic culture and the behaviour
itself. So, this relation can be summarised as follows:

Hypothesis 2. The gastronomic culture of the country of ori-
gin has a direct and positive relation with the consumer’s
purchasing intention.

2.4. Product Perception and Consumer Behaviour. In the past
years, the social dimension of food and its universal interest
has been markedly strengthened. As the consumption of
food provides the most reliable data of the purchasing
behaviour, a rigorously scientific study of this phenomenon
requires a detailed approach from various perspectives
[38]. A growing segment of the population demands to be
able to enjoy in their homes specific dishes of their favourite
gastronomy, regardless of whether they coincide or not with
their native country.

3Complexity



The flavours and diversity of food are part of each local-
ity’s cultural heritage [39–41]. Mediterranean countries are
ubiquitously recognised as those which are enthusiastic
about eating, and Spain is no exception. This country has
been the protagonist of a radical improvement in its percep-
tion by foreigners, a change which is more outstanding if one
recalls that, historically, Spanish cuisine was relegated to a
lower category by its systematic comparison with the interna-
tionally acclaimed French cuisine [42]. Also, coming back to
the present, Spanish products have gained in the upward
growth of consumption of organic food, being in 2016 among
the leading European territories of organic production with
2,018,802 ha [43, 44].

Some works have been done on the product-country
image (PCI) with a bilateral direction concerning two specific
geographical areas. Gorostidi-Martínez et al. [45] analyse the
perception of Spain by Chinese consumers, addressing the
country image, the personal image, the product image, per-
sonal data, and the general knowledge of Spain. Meanwhile,
Gorostidi-Martínez et al. [46] do the study conversely. Other
works do not adopt this bilateralism and identify a single
country for the study of the perception of a Spanish product.
For instance, Aramendia-Muneta and Grande-Esteban [47],
also concerning China, state in their conclusions that
women, the young and those Chinese citizens who have
never visited Spain, have the best valuation of Spanish
products; the best valued attributes are their prestige,
attractiveness, and quality. From the perspective of hyper-
markets, [48] can be consulted. There have also been stud-
ies of a single type of product, such as yoghurt [49], boar
meat [50], functional food [51], and fruit [13], where
according to their results, the French consumers surveyed
are willing to pay more for imported Spanish citrus fruits
due to their high quality.

Based on the above, this article offers a panoramic view
of a transcultural study, receiving the perception of tourists
of different nationalities about four products related to the
local gastronomy. The identification of key markets is a vital
question for the future success of a firm, as the mistakes
made in this period can be costly [52]. This leads us to our
third hypothesis:

Hypothesis 3. The perception of the products of the country
of origin has a direct and positive relation with the con-
sumer’s purchasing intention.

The relation of these variables considered with the
consumer’s behaviour, measured through the shopping
intention, is expressed in Figure 1.

3. Methodology

To do this study, we have carried out a commercial inves-
tigation in which four Andalusian firms that plan to go
international and make their products known abroad have
taken part. To be able to get all the data necessary, it was
essential to obtain detailed information of the destination
country markets, as well as the consumers these firms
would be targeting.

This is why we selected tourists from different countries
as the target population. They did a tasting of the products
of the firms taking part in the project. Afterwards, they filled
out a questionnaire. Although the questions which make
up the questionnaire were determined from the literature
(e.g., [12]), the questionnaire also asked about those
aspects that the entrepreneurs who took part in the project
needed to know. The questionnaire was tested on experts
in a foreign trade.

We thus found out the preferences of the consumers
towards some products, their knowledge of these products,
their tastes, the perceived quality of the products and their
attributes, the purchasing intentions, information of the par-
ticipants’ countries of origin, their opinion of our country,
and, likewise, the importance of the “made in” effect in the
purchasing decisions. These are some of the variables ana-
lysed. They have provided useful information not only for
the investigation but also for the collaborating firms.
These have been able to find out the image that the par-
ticipants have of Spain and its influence when acquiring
“made in Spain” products and especially how they value
the products tasted.

This information is very important not only for our
research aim but also for the objective sought by the firms

Country of
origin H

1

H2

H 3

Gastronomic
culture

Shopping
intention

Gender

Control

Products
evaluation

Figure 1: Proposed hypothesis of product evaluation.
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taking part as it will be of great help for them in their process
of entering external markets.

This research was carried out in the most touristic area of
Seville over five days. Each firm (through its personnel) gave
out their product for testing and provided all the information
required by the tourists taking part in the study.

More than a dozen firms showed an interest in this
project. For the sake of operability, four firms were cho-
sen. They offered products that were considered suitable
for this tasting and which, in some way, complemented
each other. The products chosen were ecological olive oil,
olives, crackers, and sauces. They belonged to the following
firms: Ecolivum Extra S.L., Valdelacasa, Naranjas Carneado,
and The Tapas Sauces.

4. Empirical Analysis

Next, Table 1 indicates the main characteristics of the sample
via a technical sheet.

A total of 154 tourists took part in this market study: 49
men and 105 women (percentage-wise: 31.4% men and
68.6% women).

The second point to highlight from the sample obtained
is the diversification of the countries of origin. The informa-
tion compiled evidences the broad range of countries
present—a total of 22. To facilitate the processing of this
information, we grouped together those countries that had
a smaller number of participants. Having done this, we had
a classification of 8 groups: Latin America (represented by
Brazil, Colombia, Costa Rica, Cuba, Ecuador, Haiti, and
Peru), Mexico, the United States, Central Europe (Germany
and Belgium), geographically close markets (France and
Portugal), Italy, Eastern Europe (Slovakia, the Ukraine, the
Czech Republic, and Poland), and lastly a section of
“others” where we have included those territories that had
a lower representation (Finland, Ireland, and the United
Kingdom) or were less close (Australia). This grouping is
shown in Figure 2.

It can be seen that the Italian market predominates over
the rest with 24.7%, almost a quarter of the total respondents.
It is followed by the Mexican market (16.66%) and those of
countries such as France and Portugal (encompassed in
“close markets”— 16.38%). After them come the represen-
tatives of markets belonging to “Central Europe” and
“Latin America” (having 10.73% and 10.16%, respectively).
Next are the respondents from the countries grouped in
“Eastern Europe”—8.47% of the sample. In the last posi-
tion are the USA and the countries in “others”: 7.8% and
5.10%, respectively.

4.1. “Made in” Effect on Purchasing Habits. One of the suc-
cess factors in the commercialisation of a product is having
a well-known brand. Consequently, many firms invest vast
resources to achieve the positioning of their brand in the
consumer’s mind. There are also many studies which jus-
tify that the brand is not the only important factor to be
successful. In the case of internationalisation, a factor
which strengthens the brand image and often substitutes
it is the image of the country where the product is from,

that is, the so-called “made in” effect. This is especially
taken into consideration in the internationalisation of food
products. As this study is centred on this modality, we
believe that studying the image of Spanish products in dif-
ferent countries is an important factor to bear in mind in
the internationalisation process.

To do so, we have analysed a series of variables that help
us to find out how Spanish products and Spanish food are
known and considered in foreign markets. This gives us an
idea of the image that Spain has in the food sector at an inter-
national level. To do this, we worked with a Likert scale hav-
ing five possible alternatives (as reflected in Table 2), where
the respondents are requested to mark an option from 1
to 5, with 1 being the least valued and 5 being the most val-
ued, according to their perception of Spain and Spanish food.

The results obtained are shown in Figure 3.
We first see in the graphs that the data denote a very

positive perception of the “made in” effect regarding
Spanish products and food. In general, we determine that
they are widely accepted and are highly esteemed by
foreign consumers.

81% of the respondents declare liking Spanish food quite
a lot or a lot. This data is very significant. No one indicates
not liking it, and only 5% declare that they do not like our
products very much. These are positive data that strengthen
the idea that our gastronomy has a privileged position within
the worldwide culinary culture.

Also, a total of 82% of the respondents perceive Spanish
products as good (51%) and very good (31%). In contrast,
we find that 1 out of every 5 respondents does not have a very
positive perception about Spanish products. This is worrying
as, percentage-wise, we are talking about a significant 20% of
the market. This means that many potential customers are
not reached.

Dealing with the importance of the products’ country of
origin, it is revealed that the consumers take this into
account. Indeed, 85% of the respondents pay attention to
where the product is from, 60% of them considering this to
be quite important or very important.

At the same time, we note that in spite of the good
ranking that the Spain brand has, Spanish products are
not sold in the world as much as the idea that this percep-
tion gives. Only 14% of the respondents declare that they
often buy Spanish products, compared to 44%, practically

Table 1: Investigation technical sheet.

Sample 154 participants

Gender 49 men (31.4%) and 105 women (68.6%)

Nationalities
represented

Germany, Australia, Belgium, Brazil, Colombia,
Costa Rica, Cuba, Ecuador, Slovakia, United States,
Finland, France, Haiti, Ireland, Italy, Mexico, Peru,

Poland, Portugal, United Kingdom, Czech
Republic, Ukraine

Firms taking
part

Ecolivum Extra S.L. (ecological olive oil)
Valdelacasa (olives)

Naranjas Carneado (crackers)
The Tapas Sauces (sauces)
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half of the population that indicate that they rarely or never
buy Spanish products.

Lastly, it is noted that the concept of tapas and Spanish
restaurants in their country of origin are not very common.
Only 14% know the tapas culture, and 5% remark that there
are Spanish taverns in their country.

To sum up, this introductory block also is aimed at con-
sidering the importance that the country of origin can have,
analysing variables related to shopping and consumer habits.
For this reason, as in any study of this kind, where the aim is
to obtain information for a possible commercialisation in
different international models, to get to know consumer
behaviours regarding consumption and purchasing habits
is very relevant.

In this way, we have intended to find out about
some aspects, such as liking Spanish food, the image
of Spanish products, the perception of them, and the
existence of a Spanish gastronomic culture, with a view
of examining if these variables influence the participants’
shopping intention.

4.2. Analysis of the Proposed Hypothesis. Next, we verify the
hypotheses proposed in this work. To do so, we use the
PLS-Graph (structural equation technique) programme.
The PLS model is analysed and interpreted in two stages
[53]: (1) the evaluation of the reliability and the validity
of the measurement model and (2) the evaluation of the
structural model.

4.2.1. Evaluation of the Measurement Model’s Reliability
and Validity

(1) Individual Reliability of the Item. To measure the individ-
ual reliability, we have to take into account the loadings. In
this work, all the reflective indicators have loadings (λ) above
0.707. There are researchers who have the opinion that
loadings of 0.5 and 0.6 can be accepted when the scales are
applied in different contexts [53]. In this case, we have
included loadings less than 0.707.

(2) Reliability of the Construct. The reliability of a construct
enables the internal consistency of all the indicators measur-
ing the concept to be checked. That is to say, it evaluates how
rigorously manifested variables are measuring the same
latent variable [54]. To measure this reliability, the composite
reliability is noted [55]. This must be over 0.7. Next, we pres-
ent the results obtained through the indicators (Table 3). In
this model, all the constructs with reflective indicators
are reliable.

(3) Convergent Validity. This refers to the degree to which all
the items try to measure the same. To do so, all the indicators
of the same construct must be highly correlated. The PLS
analysis measures this validity through the measurement
called “average variance extracted (AVE)” [56]. This provides
the quantity of variance that a construct obtains from its
indicators in relation to the quantity of variance due to mea-
surement error [57].

Table 2: Questions.

Made in

The country the product is from is important Not at all Not much A little Quite a lot A lot

Tapas culture

The concept of “tapas” food is known in my city Not at all Not much A little Quite a lot A lot

There are Spanish taverns/restaurants in my city None Not many A few Quite a lot A lot

Product evaluation

I like Spanish food Not at all Not much A little Quite a lot A lot

Perception of Spanish products Very bad Bad Average Good Very good

Shopping intention

I buy food products from Spain in my country Never Not often Sometimes Often Very often
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Liking Spanish food

A lot
40%

Quite often
11%

Quite a lot
37%

Very
good
31%

Not much
5% Never

11%

Not at all
3%

A lot
14%

Not at
all

23%

A little
33%

Quite a lot
6%

A lot
5%

Not at all
16%
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lot

14%

A little
25%

Bad
3%

Quite a lot
41%

Sometimes
25%

Good
51%

Sometimes
42%

A little
14%

A lot
3%

A lot
23%

Not often
33%

Not
much
24%

Not much
38%

Average
15%

I buy Spanish products

Tapas concept Taverns in my country

Importance of country of origin Perception of Spanish products

Figure 3: Aspects related to Spanish products and food liking/tapas concept/Spanish taverns.

Table 3: Measurement model.

VIF Weight Student’s t Loading
Confidence interval

Lower Upper

Product evaluation (reflective)

Spfd 0.907 0.813 0.951

Spprod 0.922 0.866 0.966

Tapas culture (formative)

Taverns 1.067 0.641∗∗ 2.629

Tapas 1.067 0.624∗ 2.497

Made in (reflective)

Made in 1 1 1

Gender (reflective)

Gender 1 1 1

Shopping intention (reflective)

Spbuy 1 1 1
∗∗p < 0 01 (based on t(4999, two-tailed); ∗p < 0 05 (based on t(4999, two-tailed). t(0.05, 4999) = 1.960; t(0.01, 4999) = 2.577.
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Fornell and Larcker [56] recommend that the AVE be
over 0.5. This establishes that 50% of the construct’s variance
is due to its indicators. This is complied with as the AVE
measurements of this model’s constructs with reflective indi-
cators are over 0.5 (Table 4).

(4) Discriminant Validity. Discriminant validity indicates to
what extent a given construct is different from the other con-
structs. A way of determining this is to demonstrate that the
correlations between the constructs are lower than the square
root of the AVE.

The diagonal elements of Table 4 correspond to the
square root of the construct’s AVE, while the rest of the
figures represent the correlations between constructs. This
model has discriminant validity as the correlations between
constructs are lower than the square root of the AVE.

For an appropriate discriminant validity, the elements of
the diagonal must be significantly greater than the elements
that are in the corresponding rows and columns off the
diagonal [53].

Having verified that the measurement model is satisfac-
tory in relation to the preceding criteria (the measurements
of the constructs are reliable and valid), we value the
structural model.

4.2.2. Evaluation of the Structural Model. From these levels,
in the following section, we will obtain the significance of
the proposed relation and, therefore, we will accept it or
reject it. To do so, we are going to make use of Student’s t
distribution of 499 degrees of freedom (n − 1, where n repre-
sents the number of subsamples) to calculate the significance
of the path coefficients. We will obtain the values with a sig-
nificance of 0.001, 0.01, and 0.05 (see Table 5). As we can
also note in Table 5, the model explains 23.60% of the
shopping intention variable, with the tapas culture being

the construct that most explains it and the “made in”
effect being the one which does so least: 7.90% and
3.57%, respectively.

Also, regarding the “gender” control variable, as the path
coefficient is negative, the higher the score the less the shop-
ping intention. Thus, it is confirmed that the shopping inten-
tion is greater in men than in women.

4.2.3. Verification of Hypothesis. Figure 4 shows the causal
relation between the model’s constructs, and Table 6 presents
the relation to be studied, the effect that this relation actually
follows, the path coefficient, the t value, and the idea if the
relation has been supported or not.

The result shows that the hypotheses are supported. It
is thus confirmed that the “made in” effect influences the
perceptions of the consumers towards some products or
others in their shopping intentions. Consequently, it can
be established that the greater the general valuation of
the perceived country image, the greater the commercial
success of the products from this country in international
markets will be.

5. Discussion

This study contributes additional empirical evidence to
recent observations of the positive effect of the “made in” per-
ception, the culture, and the evaluation of the product on the
shopping intention.

In general, the valuation of Spain as to the questions
related to the “made in” effect is highly positive. Regarding
the question of the importance of the country of origin,
85% of the respondents declare that they give some, a lot,
or quite a lot of importance to the product’s country of ori-
gin. This is a very relevant data for the purpose of this work
given that, of the 154 participants, 131 showed an interest

Table 4: Reliability of the construct, convergent, and discriminant validity.

Composite reliability AVE (1) (2) (3) (4) (5)

(1) Product evaluation 0.911 0.837 0.915

(2) Tapas culture n.a. n.a. 0.023 0

(3) Made in 1 1 0.158 −0.014 1

(4) Gender (control variable) 1 1 0.033 0.007 −0.056 1

(5) Shopping intention 1 1 0.281 0.282 0.215 −0.223 1

Table 5: Effect of the endogenous variable.

R2 Q2 Direct effect t value Confidence interval Variance explained

Shopping intention 23.60% 0.178

Product evaluation 0.256∗∗∗ 3.478 [0140, 0.381] 7.19%

Tapas culture 0.280∗∗∗ 3.361 [0.148, 0.423] 7.90%

Made in 0.166∗ 2.141 [0.037, 0.291] 3.57%

Gender (control variable) −0.244^ 3.298 [−0.351, −0.084] 4.99%
∗∗∗p < 0 001 and ∗p < 0 05 (based on t(4999), one-tailed test). t(0.05, 4999) = 1.645; t(0.001, 4999) = 3.092. ^p < 0 001 (based on t(4999), two-tailed test).
t(0.001, 4999) = 3.292.
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in where the product that they were buying was from. Hence,
it is essential for a country to transmit a positive image and,
likewise, for the consumers to perceive this.

Addressing the very surprising percentages as to buy-
ing food products from Spain, only 14% declare buying
Spanish products in their countries, while 44% point out
that they never or very seldom buy them. These data lead
us to the following question: what is the reason of this if
in general we have checked that their acceptation is good
and that they are perceived as having a more than accept-
able quality? Perhaps, this result makes sense if we com-
pare it with the study carried out by the Forum of
Renowned Spanish Brands (FMRE) and the Spanish Fed-
eration of Food and Beverage Industries (FIAB). This is
expressed in the conceptual framework in which the for-
eign tourists surveyed show an interest in continuing to
consume Spanish products in their countries of residence,
but almost half (a similar data to that of our study) say that
they cannot do so due to their scant accessibility. Also, inter-
national consumers do not recognise a good part of our prod-
ucts as Spanish. This possibly makes sense of the valuation
received in this question.

According to the data obtained in the project’s question-
naire, we can answer the initial question through the evalua-
tions carried out in the PLS-Graph programme: the proposed
hypothesis is supported. This confirms the role played by the
“made in Spain” effect (H1) in the internationalisation of
firms belonging to the agri-food sector. We have also found
out the valuation of this effect in the perception of the Spain
brand in the consumer’s shopping behaviour (H3), as well as

the influence of the gastronomic culture in the purchasing of
Spanish products (H2). These findings are in line with the
studies of Cerviño et al. [19], Jiménez and San Martín [58],
Ganguly et al. [59], and Li et al., [9], among others. The tapas
culture represents the best predictor of the shopping inten-
tion in the research model, explaining 7.90% of its variance.
The least significant variable is the “made in” effect, which
explains 3.57%. This degree of significance is also found in
the research carried out by Cerviño et al. [19], where the
“made in” effect on the product’s success is the lowest of all
the study variables. This finding suggests that the con-
sumer does not give so much importance to where the
product is from, but rather to the existence of a culture
such as eating tapas. Thus, Ahmed and d'Astous [25] cor-
roborated this, stating that though the consumers may
have a general unfavourable perception of a country, if
they consider that it has good-quality products, they con-
sume them. Our study’s results demonstrate as well that
the perception of the product variable also affects the shop-
ping intention, having a variance explained of 7.19%. This
result is consistent with other studies, such as that of Khalid
and Nawawi [60].

It should be pointed out that the PLS methodology is
aimed at specifying predictability through the values of the
variance explained (R2) and the redundancy (Q2) in the
model in which it is tested, as well as the decomposition of
the variance explained. This contributes useful information
about the practice, and theoretical conclusions can be
drawn. The model tested in this study attained moderate
values for the variance explained [57]. Furthermore, the

Country of
origin

Gastronomic
culture

Shopping
intention

Gender−0.224⁎⁎⁎

0.256⁎
⁎
⁎

0.280⁎⁎⁎

0.166 ⁎

ControlR2 = 0.236

Products
evaluation

Figure 4: Causal relation of product evaluation.

Table 6: Verification of the hypotheses.

Hypotheses Effect suggested Path coefficient (β) t value (bootstrap) Supported/not supported

H1: made in → shopping intention (+) 0.166∗ 2.141 Supported

H2: tapas culture → shopping intention (+) 0.280∗∗∗ 3.361 Supported

H3: product evaluation → shopping intention (+) 0.256∗∗∗ 3.478 Supported
∗∗∗p < 0 001 and ∗p < 0 05 (based on t(4999), one-tailed test). t(0.05, 4999) = 1.645; t(0.001, 4999) = 3.092.
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squared validated redundancy measures (Q2) show that
the structural model has a satisfactory predictive relevance
for the shopping intention (Q2> 0). Therefore, the results
indicate that a positive “made in” effect, the existence
of Spanish gastronomic culture in the destination coun-
try, and the perception of the product can foster a
shopping intention.

6. Conclusions, Implications for Management,
and Limitations

The aim of this study has been to find out if the “made in”
effect, a favourable perception of the country of origin, and
the gastronomic culture have a direct relation with the con-
sumer’s shopping intention. To do so, it was very important
to compile an appropriate sample to obtain the necessary
data to respond to the proposed hypotheses.

It is worth highlighting the variety of countries where the
participants who answered the questionnaire were from. This
enriches the data and, consequently, the analysis and the con-
clusions which we draw from the research.

The results of this study come from a sample whose
respondents have quite varied nationalities. As a result, it
has been possible to find out the image of the Spanish
products in the study in a diversity of markets. Accord-
ingly, to know the perceptions about our country and our
products is valuable to configure Spain’s reputation at the
international level.

Based on the studies carried out and the results obtained,
we establish the following:

(i) The country image influences both the consumers’
perceptions about a product’s quality and their
shopping behaviour

(ii) A favourable projection of the “made in Spain” effect,
as well as a positive perception of it by the consumer,
will significantly affect the commercial success of
Spanish firms in their international expansion

(iii) Consumers show an interest in where a product that
they buy is from, so it is crucial to transmit a positive
image since the consumers perceive this

(iv) To achieve an increase in the valuation and the
international positioning of the “Spain brand,” it is
necessary to carry out an appropriate communica-
tion policy made up of the image projected and
the image perceived

(v) Firms should centre themselves on the variables
which make up the gastronomic culture construct
as it is the one which best explains the shopping
intention. This implies that a greater knowledge of
the gastronomic culture of Spain in the country of
origin brings about a greater shopping intention
regarding its products. It would hence be recom-
mendable to create more Spanish restaurants and
introduce the tapas concept in these countries

(vi) In general, our gastronomy has a great acceptation
and our products are highly esteemed by foreign
consumers.

With this study, we havemeant to contribute information
which helps firms of the agri-food sector wishing to expand to
international markets to achieve sustainable competitive
advantages through the country image projected abroad.

Carrying out a commercial investigation at a very low
cost leads small firms or those with scant financial
resources to be able to find out the tastes and preferences
of foreign consumers. It is to bear in mind that this part
of the information process (knowledge of foreign markets)
is undoubtedly the most important but, in turn, it is the
one which costs most.

We finish these prior considerations noting that we must
not forget that this study is a pilot study which will give us no
more than an approach to those factors that we are going to
analyse, given that the sample can in no case be understood
as a representative sample. This is a significant limitation
for the work. Nevertheless, it is going to mean, for the firms
taking part, an access to the tastes, habits, customs and opin-
ions that consumers of different markets have, on the one
hand, about Spanish food and products and, on the other
hand, about the products tested in this study.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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The in-store use of smartphones is revolutionizing the customer journey and has the potential to become an important driver in the
omnichannel context. This paper aims at identifying the key factors that influence customers’ intentions to use smartphones in-
store and their actual behavior and to test the moderating effect of age, differentiating between millennials and nonmillennials,
as millennials are considered digital natives and early adopters of new technologies. We applied the UTAUT2 model to a sample
of 1043 Spanish customers, tested it using structural equations, and performed a multigroup analysis to compare the results
between the two groups. The results show that the model explains both the behavioral intention to use a smartphone in a brick-
and-mortar store and use behavior. The UTAUT2 predictors found to be most important were habit, performance expectancy,
and hedonic motivation. However, the study shows that the only difference between millennials and nonmillennials with regard
to the use of smartphones in-store is the effects of behavioral intention and habit on use behavior. The study adds to the existing
knowledge by providing evidence in support of the validity of UTAUT2 as an appropriate theoretical basis to explain effectively
behavioral intention, specifically the in-store use of smartphones.

1. Introduction

Omnichannel retailing has dramatically changed the way
customers shop. Nowadays, consumers increasingly simulta-
neously use multiple channels and touchpoints during their
customer journey and demand that they should be connected
and integrated to enjoy a holistic and seamless shopping
experience [1]. In this new scenario, the smartphone has
become a powerful tool. Customers are mobile dependent
and prefer to consult their phones rather than salespersons
to carry out different tasks in-store, such as searching for
product information and prices, checking product ratings,
comparing products, and paying; they also use them to
consult family and friends for advice [2–4]. Moreover, they
have the potential to become important drivers in the omni-
channel context due to their importance as initiators for
conversion to other touchpoints or channels.

As Marriott et al. [5] highlight, business managers stress
the importance of understanding customer behavior. This is

crucial for the successful management and development of
m-shopping in the retail industry [6].

M-shopping is defined by many authors as a subsidiary of
m-commerce: the online purchase of products or services
using a smartphone [7–13]. However, for the purpose of this
research, we use a wider definition of m-shopping, which
includes browsing, searching, purchasing, and comparing
products using smartphones [5, 14–16]. M-shopping is a
critical part of m-marketing as it empowers shoppers by
allowing them to research product characteristics from mul-
tiple sources and carry out tasks such as checking product
availability and prices, compare different brands and offers,
and read user opinions and reviews [17–19]. In addition,
m-shopping encompasses the use of smartphones in
prepurchasing activities such as finding directions to the
store and checking opening hours [20].

Previous research has shown that consumers’ intention
to use smartphones in-store positively affects purchase inten-
tion, especially when they are used to compare prices and
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obtain discount coupons [21]. However, there is a lack of
research into the motivations for in-store smartphone use.
Thus, following the suggestion of Venkatesh et al. [22],
this study seeks to bridge that gap by examining the appli-
cability of the UTAUT2 model to explain consumer use of
smartphones in a physical store. Additionally, previous
literature has discussed the moderating effect of age, demon-
strating that young people are more innovative and more
likely to accept new technologies than older people (e.g.,
[12, 16, 23, 24]). Due to m-shopping and omnichannel
retailing literature being in its infancy, practical and theo-
retical understanding remains limited. For this reason, this
study’s aim is twofold: first, to identify the key factors
influencing customers’ intentions to use smartphones in-
store to gain an accurate understanding of customer m-
shopping acceptance behavior and their actual behavior
in an omnichannel context, and, second, to test the mod-
erating effect of age, differentiating between millennials
and nonmillennials.

The paper is organized into four sections. The first offers
an overview of the literature describing the conceptual foun-
dation for the acceptance and in-store use of smartphones.
The second describes the sample and the methodology
employed. The third reports the results. Finally, the main
conclusions and implications are discussed in the context of
future research.

2. Theory of Acceptance and In-Store Use of
Smartphones: Model and Hypotheses

Our research framework is based on the unified theory of
acceptance and use of the technology (UTAUT2) model
[22], which is an extension of the original UTAUT model
[25]. We select the UTAUT2 model because it provides an
explanation for information and communication technology
(ICT) acceptance and use by consumers and can be applied
to different technologies and contexts [22]. Moreover, Mar-
riott et al. [5] gave us three more reasons to use the UTAU
T2 model. First, “UTAUT2 was created in relation to mobile
utilization.” Second, “UTAUT2 incorporates the cost-benefit
factors of performance expectancy and effort expectancy.”
Third, “UTAUT2 accounts for voluntary situations and
allows for time factors to be considered.” Under this model,
a customer’s intention to accept and use a new technology
is affected by seven factors: performance expectancy (PE),
effort expectancy (EE), social influence (SI), facilitating condi-
tions (FC), hedonic motivation (HM), price value (P), and
habit (HA).

Although the model has been used previously to explain
customer behavior in the context of mobile commerce (e.g.,
[26, 27]), to our knowledge, little attention has been paid to
the in-store omnichannel shopping context [28]. Thus, this
study examines the applicability of the UTAUT2 model
specifically to explain consumers’ use of smartphones,
while in a physical store, in an omnichannel context. In
the following paragraphs, we describe the main constructs
of the research model.

Performance expectancy is defined as the degree to which
using a technology will provide benefits to the consumer in

performing certain activities [22]. Performance expectancy
adapted to omnichannel stores considers how consumers
perceive the benefits they receive by using smartphones while
in a physical store. This variable has been shown to be one
of the strongest predictors of behavioral intention to adopt
m-commerce and an influence on omnichannel shopping
behavior (e.g., [7, 17, 28]). Thus, the following hypothesis
is proposed:

H1. Performance expectancy positively affects behavioral
intention to use a smartphone in-store.

Effort expectancy is described as the degree of ease/effort
associated with the consumers’ use of technology [22].
Perceived ease of use has been demonstrated to be a signifi-
cant influence on the intention to use mobile commerce
(e.g., [5, 7, 12, 17, 27]). In addition, this factor is a key deter-
minant of purchase intention in an omnichannel context
[28]. In keeping with these previous works, we propose the
following:

H2. Effort expectancy positively affects behavioral inten-
tion to use a smartphone in-store.

Social influence is defined as how “consumers per-
ceive that important others (e.g., family and friends)
believe that they should use a particular technology”
([29], p. 73). In the case of m-shopping, previous literature
suggests that social influence encourages m-shopping
acceptance behavior [12, 16, 24, 30]. Moreover, younger
consumers are more susceptible to technology adoption
due to social media [23]. Adapting social influence to omni-
channel shopping, we hypothesize that behavioral intention
to use devices in-store is likely to be influenced by friends,
family, role models, and celebrities. Therefore, the following
hypothesis is proposed:

H3. Social influence positively affects behavioral inten-
tion to use a smartphone in-store.

Facilitating conditions are the consumers’ perceptions of
the resources and support available to perform a behavior
[25, 31]. Previous studies demonstrate that a favorable set
of facilitating conditions results in greater intention to
use shopping apps [5, 27]. We hypothesize that when
the consumer has a favorable perception of the facilitating
conditions, it will lead to smartphone use in-store during
either, or both, the prepurchase and purchase stages. Thus,
we have the following:

H4a. Facilitating conditions positively affect behavioral
intention to use a smartphone in-store.

H4b. Facilitating conditions positively affect the use
behavior of smartphones in-store.

Hedonic motivation is defined as the pleasure or
enjoyment derived from using a technology [22]. Previous
literature has shown the influence of hedonic motivation
on the intention to use m-shopping (e.g., [7, 8, 16, 17]).
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However, Juaneda-Ayensa et al. [28] did not find that
hedonic motivation-influenced purchase intention in the
omnichannel context. As there are different results with
respect to this variable, we hypothesize that the higher
the consumers’ perceived enjoyment is when they use their
smartphones in-store, the higher will be their behavioral
intention to use them. Thus, we put forward the following
hypothesis:

H5. Hedonic motivation positively affects behavioral
intention to use a smartphone in-store.

Habit is described as the extent to which people tend to
perform behaviors automatically because of learning [32].
This concept, which is a new construct in the UTAUT2
model, has been considered a predictor of behavioral
intention to use mobile apps [16, 27]. In addition, Kim [33]
demonstrated that habit influenced the actual use of mobile
apps and data services. However, Juaneda-Ayensa et al. [28]
did not find that habit-influenced purchase intention in the
omnichannel context. Taking into account the different
results recorded in the literature and that the use of mobile
devices is a part of the daily lives of shoppers, we hypothesize
the following:

H6a. Habit positively affects behavioral intention to use
smartphones in-store.

H6b. Habit positively affects use behavior of smart-
phones in-store.

The price value is defined as the consumers’ cognitive
tradeoff between the perceived benefits of the use of internet
data and the monetary cost of using them [22]. Thus, we
hypothesize that if the perception of the price value when
accessing data on the internet using smartphones in-store
has greater benefits than the perceived monetary cost (e.g.,
data cost and other types of service charges), consumers are
more likely to access them. Therefore, the following hypoth-
esis is proposed:

H7. Price value positively affects behavioral intention to
use a smartphone in-store.

Behavioral intention is the main antecedent of use behav-
ior, and it has a direct effect on individuals’ actual use of a
given technology [34]. Several studies in different contexts
confirm the relationship between intention to perform a
behavior and actual behavior [17, 35–37]. Thus, the following
hypothesis is proposed:

H8. Behavioral intention positively affects the use behav-
ior of smartphones in-store.

3. The Moderating Role of Age: Millennials
vs. Nonmillennials

Previous literature has demonstrated that shopping behavior
and the use of new technologies during the customer journey
are influenced by sociodemographic variables such as gender,

age, and education (e.g., [22, 38, 39]). Regarding age, pre-
vious studies have shown behavioral differences between
“millennials” and “nonmillennials” [40–42]. Millennials
are the generation born between the early 1980s and the
early 2000s [43]. They are considered the first high-tech
generation because they are early adopters of technological
devices and expert Internet users. They are known as digital
natives, as opposed to the members of the previous genera-
tion, who are called digital immigrants [44].

Previous research has noted that young people inte-
grate smartphones into their daily lives, while older people
generally use them for basic functions [45]. Some studies
identify a relationship between the age of consumers and
the probability that they will use smartphones and mobile
technologies during their shopping journeys [45–50].
Although many works have studied this influence, there
is no consensus on the relationship between the age of
consumers and the probability that they will use new
technology in their shopping journeys [49]. The study of
how age can influence the way in which a consumer
accepts and uses new technology is included in the
UTAUT2 [22] as a moderating effect of the influence of
facilitating conditions, hedonic motivation, habit, and price
value on behavioral intention; however, the authors did
not include the influence of age on performance expec-
tancy, effort expectancy, and social influence. Although
no works have studied the influence of age using the
UTAUT2 model, we have found some works studying
the influence of age using the UTAUT model. Regarding
the influence of age as a moderator variable in technology
acceptance, effort expectancy is stronger for older con-
sumers [25, 50]. Lian and Yen, [48], in their study into
online shopping drivers and barriers for older adults,
concluded that the major online shopping driving forces
are performance expectancy and social influence. Due to
the lack of consensus regarding this moderating effect
and the lack of works specifically regarding the use of
smartphone in the omnichannel context, we would like
to develop further debate in this area. For this reason, we
studied the moderating role of age by differentiating the
two groups, millennials and nonmillennials. Specifically,
regarding m-shopping, some studies have shown that youn-
ger consumers are more likely to accept m-shopping than
older consumers [16, 23, 24] and that the intention to use
smartphones in-store positively affects the use behavior more
in young people [51]. Due to the limited papers that discuss
this moderating effect in the omnichannel shopping process,
we incorporate it through the following hypotheses:

H9. Age (“millennials” vs “nonmillennials”) plays a
moderating role in the relationship between the
seven exogenous variables and intention to use
smartphones in-store.

This hypothesis is divided into the following:

H9a. Age plays a moderating role in the relationship
between performance expectancy and intention
to use smartphones in-store.
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H9b. Age plays a moderating role in the relationship
between effort expectancy and intention to use
smartphones in-store.

H9c. Age plays a moderating role in the relationship
between social influence and intention to use
smartphones in-store.

H9d. Age plays a moderating role in the relationship
between facilitating conditions and intention to
use smartphones in-store.

H9e. Age plays a moderating role in the relationship
between hedonic motivations and intention to
use smartphones in-store.

H9f. Age plays a moderating role in the relationship
between habit and intention to use smartphones
in-store.

H9g. Age plays a moderating role in the relationship
between price value and intention to use smart-
phones in-store.

H10. Age (“millennials” vs “nonmillennials”) plays a
moderating role in the relationship between the
three antecedents of the use behavior of smart-
phones in-store.

H10a. Age plays a moderating role in the relationship
between facilitating conditions and the real
behavior of using smartphones in-store.

H10b. Age plays a moderating role in the relationship
between habit and the real behavior of using
smartphones in-store.

H10c. Age plays a moderating role in the relationship
between behavioral intention and the real behav-
ior of using smartphones in-store.

To determine the impact of the different constructs on
the behavioral intention to use a smartphone and use behav-
ior, we developed a model with nine hypotheses related to the
effect of age on customers’ in-store use of their smartphones
in an omnichannel context (Figure 1).

4. Research Method

4.1. Data Collection Procedure. Data were collected using a
personal survey focusing on Spanish customers who use
smartphones in physical stores. The measurement scale was
adopted from Venkatesh et al. [22], and we developed the
items related to use behavior from the results of previous
reports [52, 53]. The performance expectancy, effort expec-
tancy, facilitating conditions, and habit constructs are each
composed of four items. Social influence, hedonic motiva-
tion, price value, and behavioral intention are each com-
prised of three items. Questions were answered on an
eleven-point Likert scale, with 0 referring to totally disagree
and 10 referring to totally agree. The instrument was
pretested on four university marketing professors, and as a
result, modifications were made to improve the content and
make it more understandable and consistent. Thereafter, we
conducted a pilot study with two groups (millennials and
nonmillennials), using a paper version. The data were
collected in November 2017. The sample consisted of 1043
individuals. Of the surveys collected, 40.7% were millennials
(between 18 and 35 years) and 59.3% were nonmillennials
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expectancy
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Facilitating
conditions 

Hedonic
motivation

Habit

Price value
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intention

Use
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Direct effect
Moderating effect
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Figure 1: Research model.
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(older than 36 years). Table 1 summarizes the profile of
the respondents.

4.2. Data Analysis Process. To test the hypotheses about the
significance of the relationships in the model and the multi-
group analysis, we used PLS-SEM (partial least square-
structural equation modeling) [54]. Our objectives were to
predict the intention to use mobile technology in a store
in an omnichannel environment and identify the key
drivers that explain use and use behavior. Hair et al.
([55], p. 144) recommend using PLS-SEM “if the goal is
predicting key target constructs or identifying key ‘driver’
constructs,” as in our case. Similarly, other authors suggest
that PLS-SEM is appropriate when the research has a pre-
dictive purpose [56–59] and an explanatory purpose [60],
as is the case with our study.

In this study, age is a categorical variable that integrates
two groups: millennials and nonmillennials. The moderating
influence of age has been analyzed through a multigroup
analysis [61].

5. Results

5.1. Measurement Model. The reliability and validity of the
measurement model were analyzed. We tested the measure-
ment model in the general model to be able later to maintain
the structure when executing the two models for the millen-
nials and nonmillennials.

Subsequently, the structural model was analyzed and the
effects of the exogenous variables on the endogenous
variables were checked. Finally, a multisample analysis was
carried out.

In the analysis of the measurement model, reliability and
convergent and discriminant validity were verified. Regard-
ing the reliability of the indicators, most factor loadings were
>0.70 and had t values > 1.96, but two did not [62]. These
two exceptions could be considered for removal based on
composite reliability (CR) and convergent validity (AVE).
Regarding the reliability of the scales used to measure the fac-
tors, the CR coefficient should, to establish internal consis-
tency, be higher than 0.7 [63]. As to convergent validity, the
AVE must be >0.5 [63]. The results in Table 2 show that all

the constructs fit these criteria. Given that the requirements
of reliability and convergent validity have been met, we
decided to maintain the indicators with loadings in the range
of 0.4–0.7 [54]. Discriminant validity was measured by two
methods. First, it was measured by comparing the correlation
among constructs and the square root of the AVEs [64]. Sec-
ondly, we used the heterotrait-monotrait (HTMT) ratio,
which has been established as a superior criterion [65]. The
present study uses the more conservative level of 0.85 to
assess discriminant validity. In Table 3, it can be seen that
in all the cases the square root of the AVEs is greater than
their corresponding intercorrelations and that all results are
below the critical value of 0.85. Accordingly, both criteria
for achieving discriminant validity are satisfied. These results
allow us to confirm that the measuring instrument is reliable
and valid.

5.2. Assessment of the Structural Model. First, we assessed the
structural model for collinearity between items using the
variance inflection factor (VIF) values (Table 4) [63]. The
VIF values of this analysis are lower than 3.3 in all cases
(complete model and millennial and nonmillennial models),
so there are no problems of multicollinearity [66].

We now discuss the effects of the exogenous variables on
behavioral intention and real behavior. Regarding the struc-
tural model, we analyzed (i) the R2 (coefficient of determina-
tion), (ii) the Q2 (predictive relevance of the model), and (iii)
the algebraic sign, magnitude, and significance of the path
coefficients [67]. The results show that the model has the
capacity to explain both behavioral intention and use
behavior. Overall, for the millennials, the variables perfor-
mance expectancy, effort expectancy, social influence, facil-
itating conditions, hedonic motivation, habit, and price
value explain 71.8% of the variation in behavioral intention
(R2 =0.718). For the nonmillennials, the R2 is 0.685. Chin
[68] argues that R2 values of 0.67, 0.33, and 0.19 can be con-
sidered substantial, moderate, and weak, respectively. Thus,
following this prescription, our research model “substan-
tially” explains variations in behavioral intention to use
smartphones in-store. The R2 for use behavior was 0.498
for millennials and 0.546 for nonmillennials. In this case,

Table 1: Profile of respondents.

Characteristics
Frequency Percentage (%)

Millennials Nonmillennials Millennials Nonmillennials

Gender

Male 219 309 51.5 50.0

Female 206 309 48.5 50.0

Level of education

Primary education 54 160 12.7 25.9

Secondary education 261 214 61.4 34.6

University studies 110 244 25.9 39.5

Mobile data plans

Yes 418 539 98.4 87.8

No 7 79 1.6 12.8
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the research model “moderately” explains the variations.
Thus, the study demonstrates that UTAUT2 is appropriate
to explain the in-store use of smartphones in an omnichannel
context and explains variations in behavioral intention and

use behavior [65]. Regarding the predictive power of the
model, we used the Q2 provided by PLS predict. Our results
gave us 0.689 for the millennials and 0.651 for the nonmillen-
nials for behavioral intention. For use behavior, it was 0.416

Table 2: Assessment results of the measurement model.

Construct/associated items Loading CR> 0.7 Cronbach’s alpha AVE> 0.5
Performance expectancy (PE) 0.951 0.890 0.830

PE1 0.902

PE2 0.929

PE3 0.896

PE4 0.917

Effort expectancy (EE) 0.958 0.941 0.851

EE1 0.902

EE2 0.943

EE3 0.949

EE4 0.895

Social influence (SI) 0.959 0.935 0.886

SI1 0.930

SI2 0.956

SI3 0.938

Facilitating conditions (FC) 0.879 0.816 0.647

FC1 0.835

FC2 0.846

FC3 0.815

FC4 0.714

Hedonic motivation (HM) 0.969 0.951 0.911

HM1 0.949

HM2 0.967

HM3 0.948

Price value (P) 0.943 0.910 0.847

P1 0.921

P2 0.943

P3 0.897

Habit (HA) 0.947 0.926 0.818

HA1 0.919

HA2 0.912

HA3 0.857

HA4 0.928

Behavioral intention (BI) 0.981 0.972 0.946

BI1 0.973

BI2 0.974

BI3 0.971

Use behavior (UB) 0.916 0.890 0.613

UB1 0.866

UB2 0.701

UB3 0.891

UB4 0.896

UB5 0.642

UB6 0.823

UB7 0.604
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for millennials and 0.501 for nonmillennials. Table 5 also
shows the explained variance of each factor for each group.
It can be seen that the direct effects of effort expectancy
(−0.045) and price value (−0.002) are negative for millen-
nials. They are negative also for nonmillennials for price
value (−0.002). According to Falk and Miller [69], “when
the original relationship between the two variables is so close
to zero, the difference in the signs simply reflects random var-
iation around zero.” In summary, the results support seven of
the hypotheses for the millennial group: H1 (regarding the
influence of performance expectancy), H3 (social influence),
H4a (facilitating conditions), H5 (hedonic motivation), H6a
(regarding habit), H8 (behavioral intention), and H7 (regard-
ing the influence of habit on use behavior). H2 (effort expec-
tancy), H7 (price value), and H4b (regarding the influence of
facilitation conditions on use behavior) were rejected, as the
relationships were not significant.With regard to the nonmil-
lennials, support was found for seven hypotheses, H1, H5,
H6a, H7, H8, H4b, and H6b, while no significant differences
were found for H2, H3, and H4a (Table 5).

5.3. Multigroup Analysis.We carried out amultigroup analysis
to verify themoderating effect of age on intention to use smart-
phones in-store and real behavior. For this purpose, the sample
was split into two groups, millennials and nonmillennials. We

followed a three-step procedure to analyze the measurement
invariance of composite models (MICOM). Following the
proposals of Henseler et al. [70], we first checked configural
invariance, then compositional invariance, and finally, we
assessed the equal means and variances.

As Table 6 illustrates, partial measurement invariance for
both groups was achieved for all model variables, thereby
allowing multigroup comparison between groups.

We next performed two nonparametric tests, Henseler’s
test [70] and the permutation test. These were used as both
are nonparametric tests, and they fit well with the nonpara-
metric character of PLS-SEM [71].

Table 7 shows the p values of Henseler’s tests in the PH
column. The last column of the table shows the p values of
the permutation test. In this test, the differences are only sig-
nificant at the 5% level if the p value is less than 0.05. We used
5000 permutations and 5000 bootstrap resamples. Henseler’s
test shows significant differences between millennials and
nonmillennials only in the effect of price value on behavioral
intention and habit on use behavior. The permutation test,
which is considered the best technique [72], confirms the lack
of significance of the differences shown in the results, except
in the case of the relationship between behavioral intention
(H10c) and habit (H10b) on use behavior of smartphones
in-store in an omnichannel context.

5.4. Assessment of Predictive Validity Using PLSpredict.With
the objective of producing valid predictions of behavioral
intention and use behavior, we used PLSpredict for the
general model and the millennial and nonmillennial models.
We carried out the new PLSpredict technique using
SmartPLS software version 3.2.7.

In general, for the simple models with minimal theoreti-
cal constraints, PLSpredict allows predictions very close to
those obtained by using LM [59]. This study follows this
approach and Felipe et al.’s [73] to assess the predictive
performance of the PLS path model for the indicators and
constructs. We obtain the mean absolute error (MAE), the
root mean squared error (RMSE), and the Q2 for indicators.
Moreover, we also obtained the Q2 for the constructs behav-
ioral intention and use behavior.

In order to assess predictive performance, we carried out
the benchmark procedures developed by the SmartPLS team

Table 3: Discriminant validity.

PE EE SI FC HM HA P BI UB

PE 0.911 0.596 0.593 0.560 0.720 0.691 0.385 0.757 0.742

EE 0.559 0.922 0.359 0.811 0.621 0.531 0.410 0.545 0.567

SI 0.554 0.337 0.941 0.404 0.585 0.573 0.294 0.573 0.559

FC 0.492 0.710 0.355 0.804 0.599 0.448 0.487 0.532 0.485

HM 0.679 0.558 0.552 0.531 0.955 0.770 0.405 0.743 0.689

HA 0.644 0.499 0.534 0.394 0.726 0.904 0.319 0.829 0.774

P 0.354 0.380 0.272 0.420 0.376 0.294 0.920 0.383 0.364

BI 0.721 0.521 0.546 0.477 0.714 0.789 0.360 0.973 0.735

UB 0.682 0.521 0.511 0.417 0635 0.707 0.323 0.686 0.783

Note: values on the main diagonal are the square roots of the AVEs. Below the diagonal: correlations between the factors. Above the diagonal: ratio HTMT.85
criterion.

Table 4: Full collinearity VIFs.

Total Millennials Nonmillennials

VIF behavioral intention

PE 2.332 2.149 2.221

EE 2.449 1.946 2.290

SI 1.641 1.722 1.655

FC 2.229 1.869 2.177

HM 2.910 2.201 3.206

HA 2.422 2.118 2.495

P 1.280 1.215 1.253

VIF use behavior

FC 1.296 1.219 1.258

HA 2.648 2.719 2.346

BI 2.893 2.928 2.560
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[74]: “The Q2 value, which compares the prediction errors of
the PLS path model against simple mean predictions. If
the Q2 value is positive, the prediction error of the PLS-
SEM results is smaller than the prediction error of simply
using the mean values. Accordingly, the PLS-SEM model
offers an appropriate predictive performance.” As Table 8
shows, this is true both at construct and at indicator levels
for the general model and for the millennial and nonmil-
lennial models.

In addition, if we compare the results of PLS with LM, the
differences between PLS and PLS-LM are very small (these
differences are shown in the PLS-LM column of Table 8).
The Q2 differences are less than 0.06, which is an indicator
of a good predictive capacity; and the differences between
RMSE and MAE are around 0.1.

6. Discussion and Conclusions

Technology is changing the way customers shop in the omni-
channel era. Smartphones have become essential tools in
daily life and are increasingly gaining importance for shop-
ping in brick and mortar stores. More and more people use
them to look for information and make purchases. This
research explains how customers behave with regard to the

in-store use of smartphones. Specifically, this study aims at
analyzing the key factors that influence both customers’
intention to use their devices in physical stores and their
actual use of those devices. It also seeks to deepen this under-
standing by assessing the differences between the millennial
and nonmillennial generations. To this end, the UTAUT2
model [22] was adapted, and its specific applicability to the
consumer context was confirmed by applying it to a new
technology (in-store use of smartphones). Our research has
theoretical implications since the results reveal that the
UTAUT2 model holds good predictive power and is able to
explain well the behavioral intention and use behavior of
smartphones in-store for both groups, millennials and non-
millennials. Although previous researchers have examined
m-shopping in general, a few studies have focused on the
in-store use of smartphones. Specifically, this research
advances the understanding of the antecedents of the use of
smartphones in-store in the new omnichannel retailing con-
text, where customers use different channels simultaneously.

The results indicate that habit, performance expec-
tancy, and hedonic motivation are the strongest predictors
of in-store smartphone use for both groups (millennials
and nonmillennials). This is consistent with the findings
of previous studies in other contexts (e.g., [12, 17, 22,

Table 5: Effect of endogenous variables, p values, and support for the hypotheses.

R2 Q2 Direct
effects

Correlations
Explained
variance

p
value

Confidence
intervals

Support for
hypotheses

Millennials

Behavioral intention 0.718 0.689

H1: PE≥BI 0.254 0.697 17.70% 0.000 [0.173, 0.337] H1: supported

H2: EE≥BI −0.045 0.439 −1.98% 0.241 [−0.120, 0.030] H2: nonsupported

H3: SI≥BI 0.075 0.569 4.27% 0.039 [0.003, 0.146] H3: supported

H4a: FC≥BI 0.087 0.424 3.69% 0.014 [0.016, 0.155] H4a: supported

H5: HM≥BI 0.114 0.648 7.39% 0.030 [0.015, 0.220] H5: supported

H6a: HA≥BI 0.514 0.795 40.86% 0.000 [0.428, 0.594] H6a: supported

H7: P≥BI −0.002 0.232 −0.05% 0.941 [−0.061, 0.054] H7: nonsupported

Use behavior 0.498 0.416

H8: BI≥UB 0.442 0.683 30.19% 0.000 [0.314, 0.560] H8: supported

H4b: FC≥UB 0.052 0.334 1.74% 0.134 [−0.017, 0.119] H4b: nonsupported

H6b: HA≥UB 0.276 0.645 17.80% 0.000 [0.144, 0.406] H6b: supported

Nonmillennials

Behavioral intention 0.685 0.651

H1: PE≥BI 0.275 0.704 19.36% 0.000 [0.185, 0.364] H1: supported

H2: EE≥BI −0.002 0.492 −0.10% 0.960 [−0.075, 0.070] H2: nonsupported

H3: SI≥BI 0.036 0.527 1.90% 0.341 [−0.038, 0.112] H3: nonsupported

H4a: FC≥BI 0.064 0.452 2.89% 0.083 [−0.006, 0.137] H4a: nonsupported

H5: HM≥BI 0.132 0.718 9.48% 0.015 [0.025, 0.236] H5: supported

H6a: HA≥BI 0.426 0.757 32.25% 0.000 [0.331, 0.516] H6a: supported

H7: P≥BI 0.074 0.372 2.75% 0.005 [0.022, 0.126] H7: supported

Use behavior 0.546 0.501

H8: BI≥UB 0.196 0.644 12.62% 0.000 [0.102, 0.302] H8: supported

H4b: FC≥UB 0.112 0.391 4.38% 0.000 [0.064, 0.164] H4b: supported

H6b: HA≥UB 0.526 0.715 37.61% 0.000 [0.412, 0.622] H6b: supported
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29, 32, 35]). On the other hand, we did not find signifi-
cant differences between the groups regarding the effect
of effort expectancy on the intention to use smartphones
in-store. This result differs from previous studies; this has
always been considered one of the variables that most
explains the intention to use a new technology. This lack of
empirical evidence may be due to the absence of incremental
effort perception, on the part of consumers, of in-store
mobile use. Both millennials and nonmillennials use mobile
phones in their daily lives; therefore, it should not be an
additional effort to use them in the purchasing process.

Analyzing the results by group, first focusing on the mil-
lennial generation, it can be seen that price value does not
influence the intention to use smartphones. This may be
because young people do not take into account the price of
internet data, as the cost has fallen since Venkatesh’s 2012
study. As can be seen in the sample, 98.4% of them access
mobile data, which they assume is normal. Another explana-
tion for this result is that the Internet is now widely available
due to the introduction of Wi-Fi open access points in cities
and in physical stores and more and more of these offer free
Wi-Fi. In addition, no significant differences were found
regarding the effect of facilitating conditions on use behavior
of smartphones in-store. This result is in line with the studies
of Baptista and Oliveira [26] and Chopdar et al. [34], but
contrary to the findings of Venkatesh et al. [22]. The explana-
tion for this may be that the millennial generation is accus-
tomed to new technologies and devices and they believe
that they have enough skills to use their mobile phones and
do not give importance to supporting factors.

For the nonmillennial group, social influence did not play
a significant role in affecting behavioral intention to use
smartphones in-store during the shopping process. The
insignificant impact of this construct on behavioral intention
suggests that older consumers are not influenced by other
people. The explanation for this may be that the use of smart-
phones is perceived as a private activity. This result is consis-
tent with the studies of Hew et al. [27] and Chopdar et al.
[34]. In addition, facilitating conditions have an insignificant
impact on intention to use smartphones in-store. A possible
explanation for this result may be that today people habitu-
ally use mobiles in their daily lives and, therefore, they

consider themselves self-sufficient in their use, including in
the shopping context.

The results also confirm the influence of behavioral
intention on use behavior. In other words, the greater a
customer’s perceived intention to use a smartphone in-store
is, the more likely he or she is to actually use it. This result
is in line with the recent studies of Chopdar et al. [34],
Escobar-Rodríguez and Carvajal-Trujillo [29], and Venka-
tesh et al. [22]. Specifically, the proposed model explains
71.8% of the intention to use smartphones in-store by millen-
nials and 68.5% for the nonmillennial group. In addition, the
R2 for use behavior was 49.8% for millennials and 54.6% for
nonmillennials. The R2 results we obtained were “weakly”
lower than the variance values obtained by previous studies.
For example, Chopdar et al. [34] obtained an R2 value for
BI 0.70 and an R2 for UB 0.59 for the adoption of mobile
shopping apps in the USA and an R2 for BI 0.63 and an R2

for UB 0.58 for India; Escobar-Rodríguez and Carvajal-
Trujillo [29] obtained values of R2 on BI 0.60 and R2 on UB
0.6 for purchasing tickets online; and Venkatesh et al. [22]
obtained values of R2 on BI 0.74 and R2 on UB 0.52 in the
context of mobile technology.

Moreover, the model shows predictive power for the
sample used in the research. This means that the model pro-
vides more information than noise, and the seven drivers
predict accurately the behavioral intention to use smart-
phones in-store and real behavior.

Regarding the moderating role of age, our results indicate
that, although millennials are considered digital natives and
early adopters of technological devices, there are no differ-
ences between them and nonmillennials in terms of intention
to use a smartphone in-store. This result is inconsistent with
the findings of Bigne et al. [23] and Yang and Forney, [24].
The only differences found between the groups are in terms
of the relationship between the behavioral intention and
habit constructs on use behavior of smartphones in-store in
an omnichannel context.

With regard to managerial implications, clothing retailers
should develop user-friendly, useful, effective, and enjoyable
apps and/or responsive websites to provide customers with
a complete and seamless shopping experience when using
their smartphones, as this research shows that consumers

Table 7: Multigroup comparison for the intention to use a smartphone in-store: millennials vs. nonmillennials.

Relationships Nonmillennials Millennials Path coefficient differences PH p value permutation test

H9a: PE≥BI 0.275 0.254 0.021 0.635 0.748

H9b: EE≥BI −0.002 −0.045 0.043 0.792 0.477

H9c: SI≥BI 0.036 0.075 0.039 0.230 0.457

H9d: FC≥BI 0.064 0.087 0.023 0.328 0.678

H9e: HM≥BI 0.132 0.114 0.088 0.594 0.837

H9f: HA≥BI 0.426 0.514 0.088 0.085 0.186

H9g: P≥BI 0.074 −0.002 0.076 0.026 0.055

H10a: FC≥UB 0.112 0.052 0.060 0.087 0.135

H10b: HA≥UB 0.526 0.276 0.250 0.002 0.003

H10c: BI≥UB 0.196 0.442 0.246 0.002 0.006

Notes: PH = p value Henseler’s test.

10 Complexity



perceive both the utilitarian and the hedonic benefits of using
their smartphones in-store. Consumers are becoming more
and more accustomed to using their mobile phones in their
daily lives, and therefore, retailers and managers should facil-
itate the use of smartphones and integrate them in their
physical stores. In this way, when customers are in a store
they can get all the information they need about products,

inventories, and the possibility of buying online to avoid
queues. If all of this information is available in the retailer’s
app, then this will be registered and the retailers can use this
huge amount of data to offer suggestions for future purchases
and the personalization of products and offers. Moreover,
smartphones increasingly offer the possibility of paying
without using a credit card. Therefore, managers are

Table 8: PLS predict assessment.

Construct prediction summary

Q2

Complete model Millennials Nonmillennials

BI 0.654 0.689 0.651

UB 0.503 0.416 0.501

Indicator prediction summary

Complete model

PLS LM PLS-LM

RMSE MAE Q2 RMSE MAE Q2 RMSE MAE Q2

BI1 1801 1368 0.682 1801 1337 0.682 0.000 0.031 0.000

BI2 1894 1469 0.659 1878 1420 0.665 0.016 0.049 −0.006
BI3 1851 1402 0.679 1859 1383 0.677 −0.008 0.019 0.002

UB1 2111 1640 0.466 2013 1515 0.515 0.098 0.125 −0.049
UB2 2192 1631 0.423 2123 1573 0.458 0.069 0.058 −0.035
UB3 2227 1673 0.396 2179 1618 0.423 0.048 0.055 −0.027
UB4 2296 1667 0.337 2278 1647 0.347 0.018 0.020 −0.010
UB5 2761 2349 0.292 2679 2193 0.334 0.082 0.156 −0.042
UB6 2575 1997 0.253 2581 2001 0.250 −0.006 −0.004 0.003

UB7 2233 1485 0.186 2243 1510 0.180 −0.010 −0.025 0.006

Millennials

BI1 1808 1394 0.673 1832 1375 0.665 −0.024 0.019 0.008

BI2 1873 1473 0.641 1897 1445 0.632 −0.024 0.028 0.009

BI3 1866 1435 0.67 1926 1438 0.649 −0.060 −0.003 0.021

UB1 2288 1861 0.396 2259 1760 0.411 0.029 0.101 −0.015
UB2 2345 1892 0.372 2316 1836 0.387 0.029 0.056 −0.015
UB3 2409 1937 0.325 2421 1905 0.318 −0.012 0.032 0.007

UB4 2586 2012 0.288 2627 2027 0.266 −0.041 −0.015 0.022

UB5 2964 2532 0.156 2942 2412 0.168 0.022 0.120 −0.012
UB6 2750 2296 0.19 2829 2332 0.142 −0.079 −0.036 0.048

UB7 2540 1879 0.143 2624 1958 0.086 −0.084 −0.079 0.057

Nonmillennials

BI1 1809 1358 0.642 1839 1350 0.63 −0.030 0.008 0.012

BI2 1921 1471 0.623 1940 1441 0.616 −0.019 0.030 0.007

BI3 1860 1398 0.647 1881 1396 0.639 −0.021 0.002 0.008

UB1 1965 1453 0.453 1900 1384 0.489 0.065 0.069 −0.036
UB2 2076 1427 0.41 2056 1432 0.422 0.020 −0.005 −0.012
UB3 2089 1475 0.408 2075 1472 0.416 0.014 0.003 −0.008
UB4 2068 1405 0.346 2095 1430 0.329 −0.027 −0.025 0.017

UB5 2447 2039 0.313 2466 1987 0.302 −0.019 0.052 0.011

UB6 2436 1761 0.253 2476 1778 0.228 −0.040 −0.017 0.025

UB7 2006 1210 0.196 2024 1259 0.181 −0.018 −0.049 0.015

Notes: BI: behavioral intention. US: use behavior RMSE: root mean squared error. MAE: mean absolute error. PLS: partial least pquares math model.
LM: linear model.
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recommended to facilitate this by providing checkouts that
integrate this technology. In addition, the management of
fashion retail stores with a target market over 35 years of
age should bear in mind that these nonmillennials are not
influenced by the opinions of others (friends, family, and
celebrities), and we recommend that they rethink the use of
the resources that they dedicate to hire influencers to publi-
cize their products.

This paper has some limitations. Specifically, the study
focuses on clothing retailers and the sample is limited to
Spain. Although the sample is very complete in terms of
gender, age, and educational level, it would be interesting,
to generalize the results, to replicate the study in other sectors
and countries with different levels of penetration of smart-
phone use in-store during the shopping process. In addition,
we consider it necessary to rethink the price-value construct,
because the reduction in the cost of accessing mobile data
has diminished the importance of this cost. Additionally,
future papers should analyze the influence of other con-
structs, such as security and trust, to test whether the inclu-
sion of these variables would improve the predictive value of
both behavioral intention and actual in-store smartphone
use. It would also be interesting to analyze the influence of
other moderating variables, such as gender and personal
innovativeness.

Although the mobile phone is revolutionizing the
purchasing process, the physical store is still the preferred
channel to make purchases. It is important for retailers to
think of the physical store not only in terms of sales genera-
tion but also as a means of enriching the user’s engagement
with the consumer experience and the services that can only
be offered in the physical channel. Consumers are ahead of
retailers: their digitization, in all respects, occurred before
the retailers. They enter physical stores, often having
researched information online, with more knowledge and
demands than ever before. And they expect a brand experi-
ence, ahead of the channel. As omnichannel shopping and,
more specifically, m-shopping research, remain in their
infancy, there are several research gaps, so further work to
examine consumer acceptance models is needed.
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This study focuses on the influence of the quality of services received by thalassotherapy customers on their global satisfaction and
the relationship between this and the word of mouth. This study uses a hybrid SEM—classification tree analysis. The empirical
findings reveal a significant relationship between the quality of each offered service and global satisfaction. This study
contributes to identify tourist’s satisfaction or delight on received thalasso services through a proposed methodology. The main
contribution of this work consists of the proposal of a methodology to identify objectively through the opinion of tourists if they
were satisfied or had reached delight. This work demonstrates, confirming what has been found in previous literature, that
global satisfaction is related to the different experiences provided by the service. Thus, all hypotheses are accepted, supporting
the hypotheses that relate the pool, the staff, the treatments, and the environment to satisfaction. In addition, the hypotheses
that link satisfaction with the word of mouth are also supported. This theoretical implication has important practical
implications for managers of the type of facilities such as those studied in this paper, since it shows that it is not enough to do
well in one of the services provided if the environment or the interaction with the staff is not right.

1. Introduction

The concept of well-being has its origin in the work of
Halbert Dunn in 1959, in which he discusses a particular
state that incorporates a general sense of well-being that is
formed by the body, mind, spirit, and surrounding environ-
ment [1, 2]. Since old times, health has been known as a
motivation to travel. We can mention examples like the
Roman terms, the Turkish baths, the Japanese onsens, or
nowadays the Alpine healing resorts [3]. However, in recent
years, health tourism has reinvented itself and grown in pop-
ularity, becoming a tourist phenomenon worldwide with an
upward trend that seems to be maintained [4]. Scholars like

Goodarzi et al. [5] believe that this trend is due to the growing
awareness of the importance of health in the middle and
upper middle classes.

According to Dimitrovski and Todoroviic [6], defini-
tions of health and wellness tourisms are inconsistent and
vary significantly, which means that the concept can be
understood in different ways. Moreover, this inconsistency
is even found in the term itself, and according to the authors,
“health tourism,” “thermal tourism,” and “wellness tourism”
are used interchangeably.

Other authors like Mueller and Kaufmann [2] establish
different categories for this type of tourism, dividing it into
illness spa/convalescence tourism and prevention tourism,
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the latter being divided into specific illness prevention and
wellness tourism. However, on many occasions, wellness
centers offer all these services together, and thus, making dis-
tinctions between them is not easy.

Therefore, health and wellness tourisms include all the
relationships and phenomena that result from a trip with a
stay of at least one night, and in which the main motivation
is to preserve or promote health and well-being [2, 5, 7].

Bennett et al. [8] believe that any type of tourism aimed at
reducing stress can be considered as a type of health or well-
ness tourism. If we consider Wray et al. [9], we must note
that they emphasize that this traditional way of contemplat-
ing health tourism has recently expanded itself to include
other types such as yoga, spiritual pilgrimages, or holistic
tourism. In this sense, [10] defines it as “the trip of at least
one night in a facility that is specifically designed for physical,
psychological, spiritual, and/or social welfare enhancement.”

This research focuses on the study of tourist’s satisfaction
and delights in a particular wellness service: thalassotherapy.
Etymologically, thalassotherapy comes from the Greek terms
“thalassa” and “terapia,” these mean sea and therapy [11].
According to the Spanish Society of Thalassotherapy, this is
a method of therapy that has been used since ancient times
for therapeutic purposes. The most important aspects are
the properties that have the chemical elements of sea water,
seaweed, mud, and other elements extracted from the sea
for health and physical appearance.

Ortiz [11] defines thalassotherapy as “a treatment tech-
nique that combines seawater baths (hydrotherapy), marine
climate (atherapy), and solar radiation (heliotherapy) bring-
ing benefits to healthy and sick individuals.” Since the
Greek-Roman period, there is knowledge of these types of
treatments. During the Middle Ages, their use decay, but
from the eighteenth century onwards, they recover their
interest. We find the first traces of thalassotherapy in the
tourism sector in the 19th century with the development of
large health villas [12].

On one hand, consumer satisfaction is a matter of interest
for academic research [13]. The study of the satisfaction of
tourists has gained great relevance and topicality in the last
years. In this sense, according to Google Scholar, of the 841
researches that have been published with the topic “tourist
satisfaction” in the title, 90% of them have been put forth in
the last decade (data obtained the first week of July 2016).
If we carry out the same operation in Web of Science, the
results are quite similar. It is important to highlight the fact
that of the total of 151 investigations that appear in the
search, 92% have been written in the last ten years. Scholars
like Choi and Chu [13] confirmed that research on customer
satisfaction in the service industry had increased significantly
in recent years. On the other hand, if we focus on wellness
and tourism, the results obtained show that their study has
lately grown. However, the number of documents is consid-
erably lower, 151 researches in Google Scholar (88% pub-
lished in the last decade) and 32 studies in Web of Science
(96% published in the last decade).

The importance of this research is based on the different
topics we mention below. It is framed in tourism, an eco-
nomic sector that has developed a great importance in the

last decades. It is focused on a specific touristic service, the
wellness area. This field has not been studied in depth. Stud-
ies about thalassotherapy centers do not abound, so the liter-
ature about it is limited.

Therefore, this document has as main purpose to deter-
mine how the services offered in thalassotherapy, its person-
nel, and its facilities influence the satisfaction of the client
and how the satisfaction is related to the word of mouth
(wom) recommendation. Another important aspect of this
work is how to predict the delight through artificial intelli-
gence starting from the variables that influenced satisfaction.
It was assumed that there was happiness when people gave
the highest score to each item on the overall satisfaction
scale, and in addition, they also did it on all of the word
of mouth scale.

The results obtained in this study have helped to develop
an objective methodology which identifies and evaluates
tourist’s conditions after receiving thalassotherapy treat-
ments. This way, we have a tool to know if they have felt sat-
isfaction or if they have reached delight. This last status is
related by scholars with the highest rate of repetition and
with the word of mouth.

The present essay is divided in four chapters. In the first
chapter, we make a presentation of the state of the art and
of the hypothesis of this research. In the second chapter,
the development of the methodology applied during the
essay is dealt with. In the third chapter, obtained results are
shown, and a short discussion is presented. Finally, in the last
chapter, the main conclusions of the research are offered.

2. Theoretical Background

In large service industries, customer satisfaction is seen as a
key element [14, 15]. Thus, customer satisfaction or the lack
of it could serve as a control mechanism for companies to
identify which attributes should improve to achieve this sat-
isfaction [15]. Rajaguru and Hassanli [16] affirm that the
quality of the service is considered an important predictor
of success in the tourism industry. In addition, it must be
considered that, in order to have good results, continuous
customer feedback must be made on this variable [17, 18].

Although quality of service and satisfaction are related
concepts [16, 19, 20], they are different. Thus, Parasuraman
et al. [21] define the quality of services as a judgment related
to the superiority of the service. Ryan [22] asserts that quality
in the tourism industry is the features and characteristics of
services and products that meet the needs of tourists, whether
they are declared or implied. Finally, Prayag [23] adds that
the quality of the service is an enduring construct that
encompasses quality performance in all activities carried
out by management and employees.

Satisfaction can be defined as the general assessment that
the client makes of the service once it has been consumed
[15], being a consequence of the quality of the service [24].
On the other hand, Anderson et al. [25] assert that satisfac-
tion is the result of the general evaluation that derives from
the total experience of consumption with a good or service.
Cong [26] and Ramamoorthy et al. [27] affirm that this con-
cept is related to the difference between the expectations that
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were held before the consumption of the service and the per-
ceived performance once it was consumed. Thus, in the tour-
ism sector, if the expectations are exceeded, the tourist will be
satisfied [24]. In addition, it must be taken into account that
the relationships between companies and customers have
changed and they must strive to achieve customer satisfac-
tion. To do so, companies must compete in order to provide
higher quality services that lead them to achieve the tourist
satisfaction [27].

Satisfaction is a very important aspect in the tourism
area [28], and it is also a matter of interest for scholars
[13, 29]. Thus, in a changing and dynamic environment,
providing quality services to their customers becomes an
important tool for suppliers to maintain the competitive
advantage [30]. In this way, increasing satisfaction allows
to improve the retention and, with that, to increase the
profits, to generate a word of mouth, and to expend less
in marketing [31]. Thus, it has been related, among other
positive aspects, with the fidelity and intention to repeat of
the tourist [32–35], with the word of mouth [30, 36, 37]
or with paying premium prices [33, 38].

For Ifie et al. [39], one of the most important sources of
new customers for companies is the recommendations of
current customers. This form of promotion is interesting,
for companies, because of the low cost it has. In this way,
wom is an effective way to promote products and services
[40, 41]. Thus, marketing professionals have not been obliv-
ious to this issue and the implications it has on the results of
the company [42]. For Sivadas and Jindal [15], the wom can
be defined as the transmission of experiences from person to
person that does not originate commercially with respect to a
brand or service, being perceived as more credible than
advertising; for its part, Saleem et al. [43] state that the
wom refers to communications between clients, talking about
their experiences and evaluating a service.

Determining what causes a positive wom is of great
interest and has been analyzed from different perspectives
[39, 44]. In the tourism industry, due to its fragmented
structure, it is of special interest since the acquisition of
new clients depends on the references of existing satisfied
consumers, generated in the form of a positive wom [15].
According to Ifie et al. [39] or Sivadas and Jindal [15], some
of these antecedents of the wom have been issues such as the
characteristics of the product and the organization, the rela-
tions with the client, the brand image, or the quality of the
service which is the most analyzed in the literature [15].

3. Research Hypothesis

Satisfaction can be defined as the positive reaction of cus-
tomers to a specific experience with a product or service
[45]. Other authors go further by asserting that it is the reac-
tion to a set of experiences and not just a single one [33, 35].
As expressed by McDougall and Levesque [31], customer
satisfaction has to do with a global evaluation of the service
provider. Besides, Hu et al. [30] consider it as the affective
reaction that occurs as a result of one or several services
received, which would cover the two previous points of view.
In this sense, the overall satisfaction of the tourist in the

thalassotherapy centers can come from the satisfaction with
the main activities: water treatments in the swimming pools,
the personal treatments (body or facial treatments), the envi-
ronment, and the interaction with the staff. For this reason,
the following four hypotheses are formulated:

H1: Satisfaction with swimming pool treatments is posi-
tively related to overall satisfaction with the thalasso-
therapy center

H2: Satisfaction with body treatments is positively
related to overall satisfaction with the thalassother-
apy center

H3: Satisfaction with the thalassotherapy environment is
positively related to overall satisfaction with the tha-
lassotherapy center

H4: Satisfaction with thalassotherapy staff is positively
related to overall satisfaction with the thalassother-
apy center

According to Saleem et al. [43], the intentions of wom list
several factors, among which is the quality of service as one of
the most important [39]. In this way, in the tourism industry,
there is a link between customer satisfaction and their ten-
dency to share their experiences with positive recommenda-
tions [15, 16, 34, 35, 46–50]. So, according to Lai and
Hitchcock [51], the relationship between quality of service
and the wom is well confirmed in previous studies. In the
same line, Meng and Han [24] assert that wom is a direct
result of satisfaction and that this relationship is well sup-
ported in the literature. First of all, we propose that the satis-
fied customers can contribute positively to a positive word of
mouth (wom) promotion.

Therefore, the fifth hypothesis of this work is formulated.

H5: Overall satisfaction with the thalassotherapy center
is positively related to a favourable word of mouth
(wom)

According to Liu and Keh [29], in the last decades, the
interest in the emotional states of the consumers has
increased. Among these emotional states, delight stands out
[29, 52, 53]. It is important to note that delight and satisfac-
tion are not the same [54, 55]. Thus, mere customer satisfac-
tion is not enough to achieve their delight [56]. Following
Finn [57], satisfaction and delight do not have exactly the
same effects on behavioral intentions, and he suggests that
existing research on satisfaction cannot be applied in full to
delight. Thus, it can be considered that there are three levels
along the continuum of satisfaction: the area of no satisfac-
tion, mere satisfaction, and delight [29]. There must be
high satisfaction and an emotional response for delight to
exist [58]. Liu and Keh [29] believe that delight is defined
by managers in a pragmatic way as what goes beyond satis-
faction. However, academics define it as a pleasant surprise.
Following this argumentation, Chandler [59] states that it
occurs when the customer experiences an unexpected level
of value or satisfaction. Likewise, Berman [60] considers that
delight requires an extraordinary service or performance of
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the product. Arnold et al. [61] and Rust and Oliver [62] argue
that it is a positive emotional state resulting from the pos-
itive improvement of the consumer’s expectations and the
existence of a degree of surprise. Delight can be defined as a
positive effect with a high level of activation in which there
is a combination of satisfaction with excitement and pleasure
[63, 64]. Thus, delight is generated by a combination of pos-
itive disconfirmation and surprise to some previous expecta-
tions [55]. It means that it happens when the expectations are
positively exceeded with a degree of surprise, so consumers
do not expect the product or service to be so good [65].

As believed by Liu and Keh [29] and Berman [60], mov-
ing consumers from the satisfaction zone to the delight area
is very positive for the company in terms of getting better
results in customer retention and sales, word of mouth, and
market share. In addition, it increases the value of the brand
and the ability to resist the entry of new bidders [60].

To sum up, it should be noted that the tourism sector
has not been excluded from research on delights, as has been
studied, for example, in hotels [66], restaurants [67], or
theme parks [55, 68]. In the second part of this paper, a
proposal is to study the importance of satisfaction with the
environment of the establishment, the interaction with the
staff, and the main offered activities. Thus, a methodology
will be provided that, through classification trees, allows to
identify and evaluate objectively the importance that the
aforementioned variables have to achieve.

4. Methodology

In the elaboration of the present research, both primary and
secondary sources of information were used. Secondary ones
were used to elaborate the theoretical framework and formu-
late the hypotheses. The primaries, to validate the hypotheses
mentioned above.

4.1. Sample. The sample used to carry out this study was tour-
ists using a well-known Thalasso Hotel located in the south
of Gran Canaria, one of the main tourist areas of the Canary
Islands, Spain. This 4-star hotel has one of the largest thalasso-
therapy centers in Europe. It has an area of approximately
7000m2 focused on health with sea water. The thalassotherapy
center offers health and wellness treatments, including mas-
sage techniques, body treatments (peeling and wrapping),
facials, wellness cures, and hydrotherapy [69].

Questionnaires were used to collect information from the
Thalasso visitors. Tourists were informed of the purpose of
this work. Data was collected as tourists had just finished
their treatment. Surveys were conducted in June 2016.

In total and after eliminating several of them because
they were poorly completed, 246 valid questionnaires were
obtained. The description of the main characteristics of
this sample is reflected in Table 1. Thus, the majority of
the respondents, more than 75%, were Spanish, British, or
German nationalities which are the main visitors of the hotel.
As for sex, approximately 60% were men, and the remaining
40% were women. Finally, it should be mentioned that the
majority of respondents were less than 50 years old.

4.2. Measurements. In the present study, the method used to
obtain the necessary information to cover the objectives was
the survey, in which the basic observation instrument is the
questionnaire [70]. Except for age, sex, nationality, level of
education, and place of residence, all items in this study are
scored on a 7-point Likert scale ranging from (1) “strongly
disagree” to (7) “totally agree.” The survey questions were
written in Spanish, English, and German.

Besides, the scales to evaluate the services offered by the
Thalasso, i.e., the hydrotherapy circuit, the individual treat-
ments (body or face), and the general environment, in addi-
tion to the satisfaction with the staff and global satisfaction
were elaborated based on the proposal by Huang et al. [71].
To this, we have to add that the word of mouth scale was
elaborated based on the work of Riquelme et al. [72].

4.3. Data Analysis. Data analysis has been divided into two
parts. The first part has been used to test the hypotheses that
related the quality of the services with global satisfaction. For
this purpose, structural equations based on covariance were
used. This is done using the lavaan R package [73]. Once
the proposed model was validated, a methodology was

Table 1: Demographic profile of the respondents.

Variables Frequency Percentage

Age

≤30 78 31.7%

31–40 67 27.2%

41–50 30 12.2%

51–60 56 22.8%

≥61 15 6.1%

Gender

Male 149 60.6%

Female 97 39.4%

Nationality

German 35 14.2%

Argentinian 4 1.6%

Austrian 2 0.8%

Brazilian 4 1.6%

British 48 19.5%

Czech 4 1.6%

Spanish 104 42.3%

French 15 6.1%

Hungarian 2 0.8%

Irish 5 2.0%

Mexican 2 0.8%

Portuguese 2 0.8%

Russian 7 2.8%

Swedish 4 1.6%

Swiss 4 1.6%

Indian 2 0.8%

Polish 2 0.8%

Total 246
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developed to objectively identify and evaluate whether the
clients were satisfied or had reached delight (second part).
To do this, we used as input data the opinion of the tourists
about the different services, the environment of the facilities,
and the interaction with the staff. It should be mentioned that
there was delight when people gave the highest score to each
item on the overall satisfaction scale and, in addition, they
also did it on all of the word of mouth scale. All this was
implemented with the assembly of classification trees, specif-
ically using the techniques of bagging and boosting. For this
purpose, adabag software was used [74].

5. Results

5.1. Contrast of Hypotheses. As it can be seen in Table 2, there
is no occurrence of multicollinearity [75, 76] because all the
correlation coefficients are below 0.8 and also the largest var-
iance inflation factor (VIF) is 3.366 (<10). As recommended
by Hair et al. [77], Leong et al. [78], and Wang et al. [79], a
two-step technique was used to examine the causal relation-
ship between the constructs. First, an exploratory factorial
analysis, which was useful for filtering and defining the
dimensional character of the scale [80], was used. The second
stage was a confirmatory factor analysis to evaluate the
validity of constructs [81, 82].

To evaluate the convergent validity, the estimated load of
each indicator in its construct was examined. For such valid-
ity, the load must be high, and the values of t statistically
must be significant [83]. In the planned model, the above is
confirmed with an acceptable convergent validity. Thus, the
AFC results indicate that the relationship between each item
and its respective construct is statistically significant with
loads that exceed 0.790 (all p value ≤ 0.001). With these
results, the existence of convergent validity is assumed (see
Table 3). It is also necessary to determine the convergent
validity of the constructs. According to Hair et al. [84] and

Roldán and Sánchez-Franco [85], this validity must be evalu-
ated by analyzing Cronbach’s alpha, the composite reliability
index by Fornell and Larcker [86], and the average extracted
variance (AVE). The reference point, for the first two cases, is
0.7 and for the third case is 0.5 [84, 85]. In the model we con-
sidered and as shown in Table 2, all these criteria are well
met. Thus, the minimum Cronbach’s alpha value obtained
is 0.868, the composite reliability is 0.871, and the AVE,
0.693. Therefore, it can be concluded that the reflective con-
structs are consistent.

To obtain the discriminant validity, the square root of the
AVE (located on the diagonal of the matrix in Table 2) is
compared to the correlations between the constructs (the
elements located outside the diagonal) [85, 87]. On average,
it can be observed that each construct is stronger related to
its own means than to the other constructs. Also, the chi-
square difference test [88] is also achieved, and the result
shows that all constructs are different. In addition, it was used
on the evaluation of the heterotrait–monotrait ratio (HTMT)
[89]. This criterion is more demanding than the previous cri-
teria. This measure establishes the ratio of heterotrait–mono-
trait correlations, with discriminant validity confirmed when
the values are less than 0.90 [90]. The highest value obtained
in our sample is 0.778. Consequently, there are no discrimi-
nant validity problems even though the correlations between
the constructs are high.

5.2. Test of Hypotheses. The structural model was verified
with some measures of goodness. To adjust the measurement
model, robust maximum likelihood estimators were used
[91, 92]. As it can be seen in Table 4, all of them exceeded
the recommended thresholds (CFI = 0.940, TLI= 0.929,
RMSEA=0.056, and SRMR=0.044). Hence, the structural
model fits with the collected data.

In the path analysis, the significance of a path is deter-
mined based on its p value. The results implied that 77.5%

Table 2: Reliability, convergent validity, and discriminant validity: correlation coefficients and chi-square difference test.

Cronbach’s
alpha

Composite
reliability

AVE Construct
Body

treatment
Human
resources

Pool
treatment

Environment Satisfaction wom

0.915 0.916 0.785 Treatment 0.886

0.868 0.871 0.693 Staff
0.222∗∗∗

(9.831∗∗)
#0.220#

0.833

0.944 0.944 0.809 Pool
0.698∗∗∗

(153.53∗∗∗)
#0.702#

0.259∗∗∗

(13.913∗∗∗)
#0.268#

0.900

0.950 0.950 0.825 Environment
0.615∗∗∗

(99.324∗∗∗)
#0.614#

0.352∗∗∗

(26.953∗∗∗)
#0.338#

0.749∗∗∗

(174.52∗∗∗)
#0.750#

0.908

0.955 0.954 0.874 Satisfaction
0.760∗∗∗

(166.61∗∗∗)
#0.756#

0.396∗∗∗

(31.651∗∗∗)
#0.376#

0.762∗∗∗

(173.62∗∗∗)
#0.754#

0.793∗∗∗

(204.76∗∗∗)
#0.778#

0.935

0.963 0.963 0.897 wom
0.601∗∗∗

(126.75∗∗∗)
#0.668#

0.313∗∗∗

(43.728∗∗∗)
#0.434#

0.602∗∗∗

(158.66∗∗∗)
#0.722#

0.627∗∗∗

(137.08∗∗∗)
#0.671#

0.791∗∗∗

(194.38∗∗∗)
#0.774#

0.947

Note: n = 246; ∗∗∗p ≤ 0 001; ∗∗p ≤ 0 01; square root of AVE (in bold) is shown on the diagonal; off-diagonal elements are the correlation coefficients; values in
brackets show the chi-square difference statistics with df = 1; values in # show the ratio of heterotrait–monotrait correlations.
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Table 3: Confirmatory analyses.

Construct/indicator Standardized loading Z value p value

Body treatments

The Thalasso has an adequate number of body care treatments 0.906

The Thalasso offers a wide variety of body care treatments 0.890 23.324 ≤0.001
I am satisfied with the body care treatments provided by the Thalasso 0.858 21.036 ≤0.001
Pool treatments

The “Get in Shape” pool treatments are adequate 0.911

I am satisfied with the “Get in Shape” pool treatments 0.914 23.949 ≤0.001
The pool programmes are satisfactory 0.911 20.579 ≤0.001
I am satisfied with the guidance that I was given for the “Get in Shape” pool services 0.866 16.329 ≤0.001
Human resources

The staff gives an adequate service to the clients 0.866

The staff gives personal attention to the clients 0.836 13.514 ≤0.001
The staff is polite to the clients 0.790 8.764 ≤0.001
Environment

I think the Thalasso has a comfortable atmosphere 0.863

I am satisfied with the cleanness of the facilities of the Thalasso 0.887 23.028 ≤0.001
I am satisfied with the decoration, conditions, and style of the Thalasso 0.955 24.839 ≤0.001
I am satisfied with the security conditions of the Thalasso 0.925 26.676 ≤0.001
Satisfaction

The Thalasso has met my expectations 0.930

I am willing to return to the Thalasso 0.936 41.619 ≤0.001
In general, I am satisfied with the service given at the Thalasso 0.940 24.767 ≤0.001
Word of mouth

I would be willing to recommend the Thalasso to someone who sought my advice 0.944

I would be willing to encourage friends and family to use Thalasso 0.960 29.624 ≤0.001
I would have no problem in saying positive things about the Thalasso 0.936 25.543 ≤0.001

Table 4: Measures of the model fit.

Number of observations: 246

Estimator Maximum likelihood Robust

Minimum function test statistic 301.741 279.968

Degrees of freedom 159 159

p value (chi-square) ≤0.001 ≤0.001
Scaling correction factor or the Satorra-Bentler correction 1.081

Model test baseline model

Minimum function test statistic 5648.416 2212.795

Degrees of freedom 190 190

p value ≤0.001 ≤0.001
Maximum likelihood Robust

User model versus baseline model

Comparative fit index (CFI)a 0.974 0.940

Tucker-Lewis index (TLI)b 0.969 0.929

RMSEAc 0.061 0.056

SRMRd 0.044 0.044
aRecommended value ≥ 0.90 [77]. bRecommended value ≥ 0.90 [77]. cRecommended value ≤ 0.08 [78]. dRecommended value ≤ 0.1 [78].
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of the variance in satisfaction is explained by the model var-
iables while satisfaction is able to explain 62.5% of the vari-
ance in wom.

As shown in Table 5, the findings further reveal that pool
treatments (β = 0 186∗∗), humanresources (β = 0 132∗), body
treatments (β = 0 366∗∗∗), and environment (β = 0 383∗∗∗)
have significant and positive impacts on satisfaction while
satisfaction (β = 0 791∗∗∗) positively impacted on wom.
Therefore, all hypotheses were supported (see Figure 1 and
Table 5).

5.3. Proposal of a Model to Establish the Importance of the
Determinants of Delight in the Services of Thalassotherapy.
Based on the previous results, it was decided to include as
input variables of the delight classifier the four variables that
were significant in the previous model, that is to say, the envi-
ronment, the service of body treatments, the service of the
swimming pool, and the interaction with the staff.

To analyze the data, an artificial intelligence method was
used, classification trees were assembled with boosting and
bagging [93–96]. Bagging and boosting [74] can generate a
diverse set of classifiers through the manipulation of training
data with a learning algorithm [97]. The bagging method
produces multiple versions of a predictor so that an aggregate
predictor can be obtained. These multiple versions are gener-
ated by making bootstrap replicates of the learning set [98].

Table 5: Results of path analysis.

Hypothesis Path Estimate Std. error Z value p value Remarks

H1 Pool→satisfaction 0.186∗∗ 0.071 2.624 0.009 Supported

H2 Staff→satisfaction 0.132∗ 0.078 2.448 0.014 Supported

H3 Treatment→satisfaction 0.366∗∗∗ 0.067 5.739 ≤0.001 Supported

H4 Environment→satisfaction 0.383∗∗∗ 0.075 5.093 ≤0.001 Supported

H5 Satisfaction→wom 0.791∗∗∗ 0.086 13.745 ≤0.001 Supported

Significance level: ∗∗∗p ≤ 0 001; ∗∗p ≤ 0 01; ∗p ≤ 0 05; ns not significant

Pool Staff Treatment Environment

0.186⁎⁎ 0.132⁎ 0.366⁎⁎⁎ 0.388⁎⁎⁎

Satisfaction
R2 = 0.775

0.791⁎⁎⁎

Wom 
R2 = 0.625

⁎⁎⁎
p < 0,001; ⁎⁎p < 0,01; ⁎p < 0,01; ns not significant 

Figure 1: Structural model.
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Figure 2: Total error of the models used.
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Thus, starting from a training set with m cases, other sets are
created (with replacements) [97]. A series of classifiers can be
obtained with the boosting technique. The training set for
each member of the series is chosen according to the perfor-
mance of the previous classifier. Thus, the cases are extracted
with replacement with probability proportional to their
weights [97].

Classification and regression trees are, compared to other
learning techniques, one of the most intuitive and transpar-
ent classification algorithms [99], representing a powerful
alternative to the more traditional statistical models [98].
According to Homaie-Shandizi et al. [100], they were pre-
sented during the ‘60s by Morgan and Sonquist [101], and

two decades later, Breiman et al. [102] develop the first
exhaustive and modern algorithm. In the tree structure, the
leaves represent the classifications and the branches the
conjunctions of characteristics that lead to the mentioned
categories [98, 103]. Its purpose is to perform a recursive par-
tition of the training data into homogeneous subsets so that
each new partition will minimize the number of members
[104]. The technique of the decision trees is attractive for a
lot of business applications [99] since a minimum of param-
eters and no domain knowledge is required. They have the
advantage, too, of being able to detect nonlinear relationships
and to show a good performance when there is qualitative
information [98].

Table 6: Total error of the models used.

Threshold 0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.350 0.400 0.450

Bagging 0.627 0.228 0.191 0.166 0.148 0.122 0.113 0.105 0.099 0.093

Boosting 0.627 0.356 0.270 0.182 0.131 0.106 0.088 0.076 0.069 0.063

Threshold 0.500 0.550 0.600 0.650 0.700 0.750 0.800 0.850 0.900 0.950

Bagging 0.093 0.094 0.101 0.106 0.114 0.122 0.132 0.160 0.176 0.201

Boosting 0.060 0.060 0.062 0.065 0.071 0.079 0.092 0.144 0.260 0.329

Bagging
Boosting
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ro

r

1.0

1.0

0.8

0.8
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0.6

0.4
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Figure 3: False positives, false negatives, specificity, and sensitivity.
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As already mentioned in Methodology, the adabag pack-
age of R, which allows the use of bagging and boosting for the
assembly of classification trees, was used. For its application,
70% of the sample for training and the remaining 30% for
testing was established. It is worth mentioning that different
thresholds for classification were implemented. Thus, values
ranging from 0 to 1 were used for this threshold with incre-
ments of 0.05. In all, 1000 iterations were performed. In each
one of them, which elements of the database would be in the
training group and which were in the test group were chosen
in a random way. For each of these training and test groups,
bagging and boosting were applied, obtaining the results that
will be shown below. Once all the results were available, the
average value and the standard deviation obtained with the
aforementioned 1000 iterations were calculated, for each
level of threshold. The t value was also calculated to compare
it with a two-tailed Student’s t with 998 degrees of freedom.

The results obtained from applying the cited methods
will be presented below. The “rough data” produced by a
classification system are the counts of the correct and incor-
rect classifications of each class. A matrix of confusion, which
is a contingency table form that shows the differences
between the actual and predicted classes for a set of labeled
examples [105], is used to analyze the obtained information.
Referring to the total error obtained, it can be observed that
the smaller errors, which are around 9% with bagging and
6% with boosting, occur in both methods with thresholds
close to 0.5 (see Figure 2). Table 6 show that the minimum
error is obtained using bagging. Errors occurring with the
first method are always lower when the threshold is less than
0.20 or higher than 0.85, that is, in extreme cases.

In addition, Figure 3 shows that for the false positives,
that is, cases classified as “delight” that in reality were not
“delight,” both methods behave similarly. As for specificity,
it is worth mentioning that for very low thresholds, the bag-
ging behaves better, occurring otherwise when it exceeds the
heat of 0.1. As far as sensitivity is concerned, boosting for all
thresholds below 0.85 behaves better. Moreover, an analysis
is presented of sensitivity, “the proportion of true positives
correctly identified by the test,” and specificity, “the propor-
tion of true negatives correctly identified by the test” [106].
(Sensitivity = true positive/(true positive + false negative);
specificity = true negative/(true negative + false positive)). In
relation to sensitivity, boosting always behaves slightly better
except when the thresholds are very high; in that case, the
bagging provides a better performance. For thresholds higher
than 0.15, boosting presents a better specificity.

In order to show the performance of both methods, the
ROC curves obtained for both are presented below. These
curves are a good way to visualize the performance of the
classifiers [105]. Figure 4 shows that the area under the curve
when using boosting is greater than when using bagging.

Regarding the importance given by bagging and boosting
to the variables used to classify the companies in the catego-
ries “delight” and “nondelight” (see Figure 5), the bootstrap-
ping technique (1000 subsamples) was used to generate the
Student t statistics and the standard errors. Thus, the statisti-
cal significance of the mean values for importance was
obtained. In both methods, it considered as the least

important variable the pool treatments and as the most
important the staff. However, there is a slight difference in
the situation of those in the second and third positions. Thus,
in the boosting, the second in relevance is that of treatment
followed by environment, whereas in the bagging, these posi-
tions are interchanged (see Table 7).

5.4. Discussion. According to the results, the presented
hypotheses are confirmed. The overall satisfaction of the
tourist in the thalassotherapy centers comes from the satis-
faction with the main activities: water treatments in the
swimming pools, the personal treatments (body or facial
treatments), the environment, and the interaction with the
staff. The results tell us, as well, that the satisfied customers
can contribute positively to the word of mouth promotion.
This theoretical implication has important practical implica-
tions for managers of facilities, such as those studied in this
work, since it shows that it is not enough to do well in one
of the services provided if the environment or the interaction
with the staff is not right. In this case, all the thalasso facilities
and the staff interaction must be taken into account by man-
agers to increase the tourist delight. Today’s business is char-
acterized by tough competition; consequently, the delivery of
a quality service becomes a fundamental element to attract
and retain customers [27].

It is a contribution of the present work the proposal of a
methodology to identify and evaluate objectively and through
the opinion about the different services offered by thalasso-
therapy if the tourists’ status was of satisfaction or had arrived
at delight. This is a matter of great importance if we take into
account that, as it has been indicated throughout this work,
when a customer moves from satisfaction to delight, he

Bagging
Boosting

ROC curves

Specificity
1.0 0.8 0.6 0.4 0.2 0.0
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0.8
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Figure 4: ROC curves.
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contributes to greater profitability to the company, increases
its fidelity, and improves its word of mouth [53, 60].

The methodology developed is based on the use of assem-
bled classification trees, specifically with the methods of bag-
ging and boosting. Also, from the comparison of the results
obtained with both methods, it was observed that the assem-
bly with boosting provided better results. The great use of
machine learning is in situations where the variables are
related in a highly nonlinear way. Besides, it is also an aca-
demic contribution of this work that the proposed model, if
it is frequently fed, can maintain the classifications updated
with the tastes of the clients and the conditions of the service
provided. So, this kind of artificial intelligence (AI) can make
continuous evaluations as we mentioned in the theoretical
background of this paper.

Regarding the main weaknesses of the present study, it
is worth mentioning that a cross-sectional methodology
was used, thus increasing the probability of the study being
biased due to the use of a single method/data source. Another
limitation is determined by the technique used, structural
equations, which assumes a linearity of the relationships
between latent variables [77].

6. Conclusions

This work demonstrates, confirming what has been found in
previous literature [55, 59, 68], that global satisfaction is
related to the different experiences provided by the service.
Thus, all hypotheses are accepted, supporting the hypotheses
that relate the pool, the staff, the treatments, and the environ-
ment to satisfaction. In addition, the hypotheses that link sat-
isfaction with the wom are also supported. This theoretical
implication has important practical implications for man-
agers of the type of facilities such as those studied in this
paper, since it shows that it is not enough to do well in one
of the services provided if the environment or the interaction
with the staff is not right. In this way, managers could have a
tool that could inform them about which aspects of the busi-
ness are contributing to a better satisfaction and delight of the
clients. In this sense, they can establish corrective actions to
improve these variables. In addition, the system can be fed
with new data so that managers could always have up-to-
date information on which of the services provided contrib-
utes more, at each moment, to the satisfaction of customers.
This is in line with the constant feedback that authors like Lu
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Figure 5: Importance of each of the variables studied for classification.

Table 7: Means of the importance, standard deviations, and Student t for bagging and boosting.

Bagging

Environment Staff Pool Treatment

Mean importances 20.272∗∗ 50.865∗∗∗ 10.778∗ 18.085∗∗

SD importances 7.765 9.501 4.207 6.504

t 2.611 5.354 2.562 2.780

Boosting

Boosting Environment Staff Pool Treatment

Mean importances 16.499∗∗∗ 39.071∗∗∗ 14.129∗∗∗ 30.302∗∗∗

SD importances 3.360 4.513 2.732 4.467

t 4.910 8.657 5.172 6.783

Bootstrap-t (based on t(998) two-tailed test); t(0.001;998) = 3.300; t(0.01;998) = 2.581; t(0.05;998) = 1.962; ∗∗∗p < 0 001; ∗∗p < 0 01; ∗p < 0 05; ns nonsignificant.
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et al. [17] andMohsin and Lockyer [18] consider necessary in
business nowadays. This issue is relevant because in this type
of business, the pleasures of customers can change quickly for
various issues such as the emergence of new treatments both
in the cabin and in the pool or the appearance of new com-
petitors with modern facilities. The conditions in which the
service is provided may change, due to deterioration of the
facilities, personnel changes or behavior, etc. All this is of
great importance since the service companies have become
increasingly clear that they must focus on the client side
and that the quality of the service is a differentiator on the
road to success [27]. In this way, Sivadas and Jindal [15] state
that those responsible for marketing in the tourism sector
must understand better the factors that drive the intention
of wom if they wish to develop effective marketing strategies.
Moreover, this is even more important taking into account
that the growth of the power of wom comes from the increas-
ing use of social networks [107].

Finally, as far as possible future lines of research are
concerned, it has been considered that it would be interest-
ing to go deeper into the search for a shorter scale to mea-
sure satisfaction with the different services provided by the
hotel, as well as to study if there are cultural differences
between the various nationalities in order to reach delight
for the service received.
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This paper analyses the complexity of user behaviour when facing the challenge of using sustainable applications, such as Internet
search engines. This paper analyses an acceptance model using extended TAM (Technology Acceptance Model) with Trust as an
added external variable. It was suggested that Trust indirectly influences the final Intention to Use with the perceptions of Utility
and Ease of Use. To test the proposedmodel, a survey was carried out with users from different geographical areas of Spain (n = 445).
The second aim of this study was to understand the complexity of marketing segmentation by separating the application users into
different user groups. Users were grouped by their preference of favorite Internet search engine. Unobserved heterogeneity was
studied using FIMIX-PLS, and three different user behaviours with search engines were identified. These corresponded to the
number of inhabitants who live in the user area. In this way, the impact that the environment has on user choice, acceptance,
and use of this type of sustainable applications was shown. The results were checked using PLS-SEM and showed that the model
for the adoption of sustainable search engines is explanatory and predictive because confidence and acceptance for this TAM
were validated. The conclusions are interesting for developers of environmentally sustainable and responsible applications which
want to coincide with current trends to ensure that users prefer them.

1. Introduction

Many companies have had to adapt their business organi-
zations to new technological developments in the Internet
[1]. In a world that is increasingly global and intercon-
nected, finding information that can enrich a company
and allow it to obtain a competitive advantage is becoming
increasingly important [2]. In addition, these technological
changes have also affected users and have significantly
changed consumers’ lives.

In this global context, the increasing complexity of busi-
ness environments has led to the introduction of new business
models, an improvement in global contacts and relationships,
with easier access to information. Businesses need to know
how to take advantage of these new opportunities. One way

to do this is for companies to use Internet search engines to
find information about different products, services, activities,
or any information that is required. The use of these techno-
logical advances has changed users’ habits and ways of acces-
sing information as well as increasing creativity when solving
strategic marketing problems [3, 4].

Companies have realized that they need to develop effec-
tive marketing strategies in order to take advantage of new
trends in consumer behaviour. One of the tools that can be
used to do this is the search engine. Search engines are web-
sites that index information on the Internet and organize it
according to its quality for a user’s search criteria. Today,
the most widely used search engines worldwide are Google
with 78.78% of the total market share, Bing with 7.65%,
Baidu with 7.33%, and Yahoo with 4.70% [5]. Each of these
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search engines has different features that can be used to ana-
lyse and improve marketing strategies.

As well as considering global developments when cre-
ating new business models, companies are also trying to
use the planet’s resources more sustainably and use niche-
marketing strategies. The complexity of these marketing
strategies must be analysed in order to understand the new
consumer [6, 7]. Research has been done on various sustain-
able search engine initiatives called Green Search Engines in
some studies, which are a strategic micro niche within the
sector [5, 8, 9].

Many energy-consuming computing resources are
needed for a search engine to be able to find information
from anywhere in the world. These resources generate high
temperatures that can be mitigated with air conditioning that
also consumes electricity. In fact, Google says that each query
requires around 1 kJ or 0.0003 kWh of energy [10].

Sustainable search engine is the name given to a search
engine that gives part or all of its profits to sustainable social
and environment projects. A search engine’s profits usually
come from advertising in the search results [5, 11].

With the amount of information that exists on the Inter-
net, new sustainable business models have been developed
for search engines in recent years [12]. It is important to note
that the well-known techniques of SEO, Search Engine Opti-
mization, and SEM, Search Engine Marketing, are widely
used. The first technique optimizes the information given
in the results of any search request, and the second technique
is used to produce economic benefits. These economic bene-
fits are earned from sponsored search results (paid search)
that are financed by advertisers using CPC (cost per click)
or CPM (cost per thousand impressions) or any other type
of payment method [13, 14]. This type of advertising also
allows effective marketing strategies to be used, since it col-
lects usage and navigation data about new consumer trends,
which can be used to modify marketing.

As a general rule, SEM-sponsored search results finance
and sustain different types of sustainable projects [15]. Some
sustainable search engines are described below. Ecosia allo-
cates 80% of SEM advertising revenue to tree reforestation
projects around the world. Solydar helps sustainable devel-
opment projects as well as sectors of the socially disadvan-
taged population. Goodsearch encourages users of their
search engine to accumulate $5 units of credit that they

can later donate to sustainable development projects. Lilo
is a search engine that donates drops of water that are accu-
mulated by users every time they search using this search
engine. Benefind makes a donation of 0.5 cents each time
someone searches using their search engine. Forestle donates
90% of its profits to sustainable and social development
agencies or projects such as Treeho, which is similar to the
Ecosia model of planting trees as a result of using the search
engine [5, 16, 17].

The purpose of this study is to use the TAMwith Trust as
an external variable to identify different groups of sustainable
search engine users. A FIMIX-PLS analysis and a post hoc
analysis are carried out in order to identify different behav-
iour when users adopt a sustainable search engine and to
detect new trends in consumer behaviour. In this way, a large
amount of information can be used to comment on howmar-
keting can face future technological challenges as users take
advantage of environmentally sustainable technologies.

2. Theoretical Background

Over the last decade, researchers have followed various lines
of research in the areas of search engine acceptance, users’
feelings about different search engines, and the different
options available in the market (see Table 1 [18]).

Sánchez et al. [19] investigated the evolution of search,
the number of searches made, and the consistency of any
expected result when using different sustainable search
engines. Likewise, Martínez-Sanahuja and Sánchez [20] car-
ried out research on search engine sustainability to discover
how sustainable programs affect the users’ opinion and also
review the main initiatives of sustainable search engine
since 1994.

In the research by Hahnel et al. [26], both traditional and
sustainable search engines were studied to find the factors
which influence users’ choice of search engines. Liaw and
Huang [27] suggested a model to investigate the methods
used to find information with search engines and identify
how these searches can be made more efficient.

Fortunati and O’Sullivan [28] showed the importance of
new media and new technologies that are provided by digital
alternatives. Sustainable social development was studied with
special importance placed on how users behave with these
new digital alternatives in order to find ways to improve them

Table 1: Related works.

Authors Descriptions

Chao et al. [21]
Present an investigation of the participating agents when users search for information with search engines,

especially studying the beliefs and risks that are taken in their searches

Palos-Sanchez and
Saura [5]

Analyse the Ecosia sustainable search engine using the Unified Theory of Acceptance and Use of Technology
(UTAUT) and then analysing the results with PLS-SEM (Partial Least Squares-Structural Equation Modelling)

Rangaswamy et al. [22]
Research the different strategic perspectives of search engines from the point of view of sustainability and

sustainable development

Keirstead [23] Investigates the searches made with sustainable search engines and the user behaviour

Liaw et al. [24] Use the TAM with PLS to find what the users feel about the information found with different search engines

Kamis and Stohr [25]
Develop a PLS model to determine the importance of search engines when an online purchase is made, using

factors such as purchase decision, trust or perceived utility, and the behaviour of different users

2 Complexity



[29]. Jaca et al. [30] showed the importance for businesses of
considering society and users’ respect for the environment.
They pointed out that sustainable development can be
understood by analysing user behaviour for sustainable orga-
nizations [23].

In addition, Hirsu [29] investigated the cultural factors
that influence the choice of search engine for different
searches made by users. The behaviour of different types of
users of search engines was investigated in order to deter-
mine behaviour patterns and consequently predict them [28].

3. Research Model and
Hypotheses Development

After analysing different models and theories of technologi-
cal acceptance, the TAMwith Trust as an added external var-
iable was chosen for this investigation. TAM was chosen
because it has been shown to be a reliable model for measur-
ing the acceptance and use of technologies as well as for the
behaviour of users. The main constructs in the model explain
users’ attitudes towards using technology, and the TAM has
been used to investigate users’ attitudes towards alternative
technologies. Reviewing different research that used the
TAM, with added external variables, to accept theories
helped in the choice of this model. In the next section, there
is an explanation of each of the variables and relationships
used in the model to analyse the hypotheses.

4. Technology Acceptance Model
(TAM) Variables

The TAM establishes casual relationships between perceived
usefulness (PU), perceived ease of use (PEOU), attitude
toward using (ATU), and intention to use (USE) [31]. Fol-
lowing the research of Davis [32], in which the model was
proposed for the first time, perceived usefulness (PU) and
perceived ease of use (PEOU), that are not implicitly
included in TAM, are expected to influence attitude toward
using (ATU) and behavioural intention to use [33]. In this
study, the external variable Trust was also included. Trust is
defined as the confidence that users have in technology and
links the reliability of their implicit actions with technology
when they use it [5]. ATU refers to a user’s positive or nega-
tive feelings toward the use of any given technology, while
BUSE is the amount of prior use given to the technology
[34]. PU is defined as how much an individual believes that
using a particular system will improve their performance
[32]. It is a measure of the subjective likelihood that a
potential user will increase their work performance in an
organization when using the technology [35]. The PEOU
variable measures how much an individual believes that
using a particular system is effort-free. Different authors
have also previously used the external variable, Trust, in
the TAM [36]. Trust is an external variable to the model
and has been defined by previous research in a variety of
ways, both theoretically and operationally.

Palanisamy [37] demonstrated and developed a model
for the acceptance of different search engines and linked
the influence of PU with USE. Liaw and Huang [27] studied

the influence of PU on ATU to understand users’ attitudes
towards using search engines and the perceived utility of
the different search engines. Using the studies above, we pro-
pose the following hypothesis.

H1 Perceived usefulness (PU) influences intention to use
(USE) sustainable search engines on the Internet.

Lim and Ting [38] developed a technology accep-
tance model for search engines that are used in e-
commerce web pages. A clear relationship was found
between PU and ATU when using the search engine.
Koufaris [39] studied user behaviour when making
queries with these search engines and investigated
the relationship between PU and ATUwhen accessing
a web page as a result of using a search engine. Using
these studies, we propose the following hypothesis.

H2 Perceived usefulness (PU) influences attitude
towards using (ATU) for sustainable search engines
on the Internet.

Morosan and Jeong [40] used the TAM to study the
adoption of search engines for booking hotels and
restaurants and researched the influence of the
PEOU and PU variables when using these search
engines to achieve travellers’ goals. Yang and Kang
[41] showed the influence of USE and PU variables
for search engines in Thailand and used them in
the UTAUT (Unified Theory of Acceptance and
Use of Technology) model. Using this literature, we
propose the following hypothesis.

H3 Perceived ease of use (PEOU) influences perceived
usefulness (PU) of sustainable search engines on the
Internet.

Hsu and Walter [42] investigated the relationship of
the ease of use and the perceived usefulness of search
engines when looking for content on web pages. They
proposed a relationship between PEOU and ATU
using the technology acceptance model. Chi-Yueh
et al. [43] explored the intention of users to use
search engines to find audio and video content on
the Internet and analysed the influence of PEOU on
ATU. Using these investigations, we propose the
following hypothesis.

H4 Perceived ease of use (PEOU) influences attitude
toward using (ATU) sustainable search engines on
the Internet.

Moon and Kim [44] and Gefen et al. [45] used the
TAM to study search engines and online stores on
the Internet. In this research, the influence of attitude
toward using (ATU) on intention to use (USE) Inter-
net search engines was studied. Following these inves-
tigations, in which the TAM was adapted for search
engines, we propose the following hypothesis.

H5 Attitude toward using (ATU) influences intention to
use (USE) sustainable search engines on the Internet.
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Hsu and Walter [42] adapted the TAM for search
engine use by adding the Trust variable and then
linking this to PU. To do this, the influence that atti-
tude has on use, when a user trusts the search engine,
was measured [44]. Palanisamy [37] also included
the Trust variable in the model, in order to find the
reliability of search engines and their technological
acceptance. Using this research on search engines,
we propose the following hypothesis.

H6 Trust influences perceived usefulness (PU) of sus-
tainable search engines on the Internet.

Lim and Ting [38], Palanisamy [37], and Hsu and
Walter [42] also analysed the influence that Trust,
as an external variable, has on PEOU in acceptance
models and revealed the influence of both variables
for search engines [5, 45]. Therefore, the following
hypothesis was proposed.

H7 Trust influences perceived ease of use (PEOU) for
sustainable search engines on the Internet.

5. Heterogeneity and Segmentation

In Social Sciences, it is difficult to guarantee that the whole
sample fits the same probabilistic distribution. However, with
PLS, segmentation can be used with the structural model,
which means that different parameters are used to separate
the sample into groups [46].

Heterogeneity in the data may or may not be observed.
Heterogeneity is observed when the differences between
two or more groups of data are caused by observable charac-
teristics, such as sex, age, or country of origin. On the other
hand, unobserved heterogeneity arises when the differences
between two or more data groups do not depend on any
observable characteristic or combinations of characteristics.
However, there can still be significant differences in the rela-
tionships between data groups in the model, when the origins
of these differences cannot be attributed to any observable
variable such as age, gender, educational level, or any other
type [47].

In our study, these observable characteristics were used to
divide the data into separate groups for investigation and
then analysed with a group-specific PLS-SEM method. To
do this, the variables used for the grouping of the sample
had to be found. Once these were identified, the relationships
between these groupings could be established and analysed.

There are established techniques for this process, but
previous research has shown that traditional grouping tech-
niques do not work very well for the identification of group-
ing differences [48]. Methodological research with PLS-
SEM has resulted in a multitude of different techniques,
commonly referred to as latent class techniques, to identify
and treat unobserved heterogeneity. These techniques have
proved to be very useful for identifying unobserved het-
erogeneity and grouping the data accordingly [47].

TAM was used for this investigation into the adoption
of sustainable search engines on the Internet, and the
number of segments was established so that it was small

enough to guarantee parsimony and large enough to guaran-
tee strategic relevance [49].

The technique chosen to study unobserved heterogeneity
was FIMIX-PLS [50], extended by Sarstedt et al. [51]. FIMIX-
PLS is the most used latent class approach for PLS-SEM [52]
and is an exploratory tool that results in the appropriate
number of segments into which the sample should be
divided. The FIMIX-PLS technique allowed decisions to be
made about the number of segments using pragmatic reason-
ing and practical issues identified in current research [53].

FIMIX-PLS is the most widely used technique and has
been used in various areas of research, such as environmen-
tal positioning of businesses [46], Internet usage by SMEs
[54, 55], tourism management [56], strategic marketing
management [57], corporate reputation [48, 58], mobile
shopping [59], and learning systems [60].

FIMIX proposes an estimated path model using the
PLS-PM algorithm. The resulting latent variable values are
used in the FIMIX-PLS algorithm to find any unobserved
heterogeneity in the estimated parameters of the internal
model (relationships between latent variables).

6. Data and Methodology

Table 2 shows the demographic characteristics of the sam-
ple (n = 445). It can be seen that most of the sample are
young people aged 19–30 (81.3%) who are students
(75.3%) at university (73.0%) and use search engines with
smartphones (91.2%). The percentages of men (41.6%)
and women (56.8%), as well as the habitats, were more
equally proportioned.

The data collection technique chosen for this study was
the survey, which is a quantitative technique. In this case, it
allowed us to identify the users’ attitudes and behaviour
when using sustainable and unsustainable search engines
on the Internet. A 15-item questionnaire about attitudes
and behaviour and 5 classification questions were used. The
classification questions were about gender, age, job, habitat,
education level, and the device used for Internet access. The
questionnaire was divided into 3 sections.

The first section dealt with the questions for the TAM
[32] about Internet search engine technology and the users’
feelings, attitudes, and behaviour for the adoption and use
of sustainable search engines. This section was composed of
12 questions about PU (3), PEOU (3), ATU (3), and USE
(3). The TAM variables were measured using adapted item
scales [32].

The second section consisted of a block of questions on
different aspects of Trust and sustainable search engines.
These questions were grouped into the 3 items in the Trust
construct. The behavioural items about sustainable search
engines on the Internet were adapted from previous research
on Trust, in which the Trust variable refers to how much a
user believes in the safety, reliability, efficiency, competence,
and validity of a sustainable search engine [5]. The behav-
ioural items for sustainable search engines refer to the
moment when a user finds a service to be unreliable and
interacts less with the search engine, content, or information.
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In the study of the behavioural intention to use a search
engine, Trust is defined as the general belief that these
searches will be made [37, 38, 42, 44, 45].

There were 20 items in the research questionnaire (see
Table 3). All the items, except for the classificatory questions,
were measured using a Likert 5-point scale that ranged from
total disagreement [61] to total agreement [62].

Overall, 445 questionnaires were collected from the users.
Google Forms was used because the questionnaire could be
produced online and then distributed on social networks.
Nonprobabilistic and convenience sampling was used, and
a pilot survey was carried out to check the validity and reli-
ability of the scales. In this way, the questions could be
refined and additional comments on the content and struc-
ture of the questionnaire were obtained. All the participants
in the survey were asked to watch the video that accompanied
the questionnaire.

The PLS-SEM method was used for the analysis. This is a
statistical analysis technique based on the Structural Equa-
tion Model, which is a recommended method for exploratory
research as it allows the modelling of latent constructs with
indicators [63] to analyse the collected data. PLS is

appropriate for the analysis and prediction of relatively new
phenomena [64]. For this study, we used the SmartPLS 3
software [65]. The results were handled with the statistical
package SPSS 24, which was used to calculate frequency
tables, CHAID tree, ANOVA, and sample statistics.

To find the minimum sample size for PLS modelling,
Hair et al. [66] recommend using the Cohen tables [67].
These tables were used with the G∗Power software package
[68] to find the dependent constructs, which are those that
have the highest number of predictors. In this case, they were
PU, ATU, and USE. The following parameters were used for
the calculation: the test power (power = 1 − β error prob. II)
and the size of the effect (f 2). Cohen [69] and Hair et al.
[70] recommend a power of 0.80 and an average size of the
effect f 2 = 0 15. In our case, there were 2 predictors, which
were the constructs that have causal relationships with USE
(see Figure 1). Therefore, from PLS, the USE construct estab-
lished the minimum sample size as 107 for a power = 0 95
and critical F = 3 08. Therefore, the sample used is ade-
quate because it is more than four times the recommended
minimum for obtaining valid and reliable results with the
established parameters.

7. Analysis of Results

7.1. Measurement Model Evaluation. Before the PLS anal-
ysis was carried out, the validity and reliability of the mea-
surement model were calculated with the following tests:
individual reliability of each item, internal consistency (or
reliability) of each scale (or construct), convergent validity,
and discriminant validity.

7.1.1. The Individual Reliability of the Items: Construct Loads
(λ). In this phase of the investigation, the indicators’ loads (λ)
were calculated, with the minimum acceptance level for part
of the construct λ ≥ 0 707 [71]. Therefore, a value λ ≥ 0 707
indicates that each measurement represents at least 50%
(0.7072= 0.5) of the variance of the underlying construct
[72]. The indicators that did not reach the minimum level
were disregarded [73].

The magnitude and importance of the relationships
between latent variables were calculated using the standard-
ized path coefficient. The rule established by Chin [74] states
that this value must be at least 0.2 (see Figure 1).

Cronbach’s alpha and the composite reliability (CR, com-
posite reliability) were then calculated to find the reliability of
each construct. This evaluation measures the consistency of a
construct based on its indicators [75], that is, the rigor with
which these items are measuring the same latent variable.
The lower limit for the acceptance of the construct reliability
using Cronbach’s alpha is usually between 0.6 and 0.7 [76].
Causality is found from the loads of the indicators and the
composite reliability (CR) [77] which must have a minimum
level of 0.7 [62, 78, 79].

Table 4 shows the results for all the reliability coefficients.
As can be seen, all the coefficients had much higher values
than the necessary minimum limits, which confirms the high
internal consistency of all the latent variables.

Table 2: Demographic characteristics of the sample (n = 445).

Classification variable Frequency Percentage

Gender

Female 253 56.8%

Male 185 41.6%

Others 7 1.6%

Age

18–30 362 81.3%

31–45 49 11.0%

46–55 27 6.1%

56–65 6 1.4%

>65 1 0.2%

Job

Unemployed worker 13 2.9%

Self-employed worker 24 5.4%

Contracted worker 58 13.7%

Student 335 75.3%

Housewife 8 1.8%

Retired 4 0.9%

Habitat

Town with more than
100,000 inhabitants

142 31.9%

From 20,000 to
100,000 habitants

153 34.4%

Less than 20,000
habitants

149 33.7%

Education level

Basic studies
(O-levels)

77 17.3%

Professional
training/A-levels

40 8.7%

University degree 325 73.0%

Access to
Internet from

Smartphone 406 91.2%

Tablet or iPad 117 26.3%

Laptop 270 60.7%

Personal computer 47 10.6%
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Figure 1: Proposed research model and PLS results.

Table 4: Measurement model.

Reliability of each construct Fornell & Larcker criterion
Constructs Cronbach’s alpha rho_A CR AVE ATS USE PEOU PU TRUST

ATS 0.756 0.757 0.860 0.672 0.820

USE 0.830 0.833 0.898 0.746 0.572 0.864

PEOU 0.703 0.700 0.828 0.616 0.535 0.461 0.785

PU 0.756 0.756 0.860 0.673 0.383 0.496 0.325 0.820

TRUST 0.862 0.862 0.916 0.784 0.386 0.423 0.364 0.637 0.885

Table 3: Items and scale.

Construct Items

Attitude toward using (ATU)

(ATU1) My favorite search engine provides access to most data.

(ATU2) My favorite search engine is better than previous search engines.

(ATU3) My favorite search engine provides accurate information.

(ATU4) My favorite search engine provides integrated, up-to-date, and reliable information.

Perceived ease of use (PEOU)

(PEOU1) Interaction with my favorite search engine services is clear and easily understood.

(PEOU2) Working with my favorite search engine does not require much mental effort.

(PEOU3) My favorite search engine services are easy to use.

(PEOU4) I can easily find what I want in my favorite search engine.

Perceived usefulness (PU)

(PU1) Using my favorite search engine allows tasks to be completed more quickly.

(PU2) Using my favorite search engine improves work performance.

(PU3) Using my favorite search engine increases work productivity.

(PU4) Using my favorite search engine improves work effectiveness.

Intention to use (IU)
(IU1) I am going to use my favorite search engine.

(IU2) I expect the information provided by my favorite search engine to be useful.

Trust (T)

(T1) My Internet search engine is trustworthy.

(T2) My Internet search engine takes its users’ ideas into account.

(T3) My Internet search engine has good intentions.
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7.1.2. Discriminant and Convergent Validity. AVE (average
variance extracted) is defined as the mean extracted variance
and measures how much variance the indicators of a con-
struct have compared to the amount of variance due to the
measurement error [80]. The recommendation of these
authors is that AVE is ≥0.50. The rho_A coefficient [81]
shows that in all constructs it is ≥0.7.

The discriminant validity shows howmuch one construct
is different from another. A high value indicates weak corre-
lations between constructs. For this test, the Fornell &
Larcker [80] criterion is used, which verifies if the square root
of the average variance extracted (AVE) for a construct is
greater than that of the relationship between the construct
and the rest of the model’s constructs. This condition was
met as can be seen on the right side of Table 2.

Table 5 shows the results that were obtained, where it can
be seen that all the HTMT relationships for each pair of fac-
tors are <0.90 [82, 83]. The fulfilment of all these criteria and
measurements means that the validity and reliability of the
model are confirmed.

7.2. Assessment of the Structural Model. The following analy-
ses were used to study the structural model, the explained
variance of the endogenous constructs (R2), the predictive
capacity Q2, the path coefficients (β), and the selection of
critical values for the distribution of Student’s t-value [84].

Henseler et al. [72] consider the explanatory power of
R2 values of 0.67, 0.33, and 0.19 to be substantial, moderate,
and weak, respectively. In Table 4, we can see that PU
(R2 = 0 416), ATS (R2 = 0 335), and USE (R2 = 0 417) have
a moderate explanatory power, while PEOU has a weak
explanatory power (R2 = 0 133).

7.3. Model and Hypothesis Testing. The model was then
analysed using the bootstrapping technique. Using this tech-
nique, the standard deviation of the parameters and the
Student t-values are found. From these, the simple regression
coefficients for the components are calculated, and the results
for the relationships between the latent variables of the
hypotheses are found.

At this stage, the hypotheses were tested to see if the rela-
tionships established in the proposed model were confirmed
[84]. Firstly, all the relationships between constructs had a
significant impact on the behavioural intention to use the
search engine (see Table 6). Therefore, the proposed TAM
was supported together with the external Trust variable.
All the hypotheses were supported with a 99.9% confidence
level, except H3. The relationship between PEOU→PU was
the least significant with a 95% confidence level (β = 0 107,
t = 2 628).

The relationships that stood out most strongly were, in
order, H7: TRUST→PU (β = 0 598; t = 14 622) and H2:
PEOU→ATS (β = 0 459; t = 10 675).

7.4. Results for FIMIX-PLS: Study of Unobserved
Heterogeneity. FIMIX-PLS calculates the probability of
belonging to any given segment in which each observation
is adjusted to the predetermined number of segments by esti-
mating separate linear regression functions, which gives a

group of possible segments. Each case is assigned to the seg-
ment with the greatest probability.

The test is done in four stages: firstly, the number of
optimal segments is calculated with FIMIX. Then, the latent
variables that justify these segments are found, in order to
finally estimate the model and its segments.

FIMIX was used to divide the sample into different seg-
ments. The first problem encountered was the selection of
the appropriate number of segments. It is typical to repeat
the FIMIX-PLS procedure with consecutive numbers of
latent classes. In our case, given the sample size n = 445, we
calculated for k = 5, k = 4, k = 3, and k = 2. The results
obtained were compared using different information criteria
provided by the FIT indices. The following were compared,
Akaike (AIC), the controlled AIC (CAIC), the Bayesian
information criterion (BIC), and the standardized entropy
statistic (EN). The results obtained for the FIT indices are
shown in Table 7.

Firstly, the FIMIX test was used to find the number of
segments into which the sample can be divided. The algo-
rithm was configured for the size of the sample so that
PLS-SEM could be applied with 10 repetitions. This con-
figuration was done using the expectation maximization
algorithm (EM). The EM algorithm alternates between per-
forming an expectation step (E) and a maximization step
(M) [47]. Step E evaluates and uses the current estimation
of the parameters. Step M calculates the parameters maxi-
mizing the logarithmic registration probability found in step
E. Steps E and M are applied successively until the results are

Table 5: HTMT and explanatory and predictive capacity of the
model.

Constructs ATS USE PEOU PU
R2

(with effect level)
Q2

ATS 0.335 (moderate) 0.211

USE 0.716 0.417 (moderate) 0.293

PEOU 0.574 0.528 0.133 (weak) 0.070

PU 0.393 0.509 0.292 0.416 (moderate) 0.266

TRUST 0.479 0.570 0.378 0.692 — —

Table 6: Statistical hypothesis test.

Hypotheses Path
β path coefficients

(t-values)
p

value
Supported

H1 ATS USE 0.448 (8.877)∗∗∗ 0.001 Yes

H2 PEOU ATS 0.459 (10.675)∗∗∗ 0.001 Yes

H3 PEOU PU 0.107 (2.180)∗ 0.029 Yes

H4 PU ATS 0.234 (5.395)∗∗∗ 0.001 Yes

H5 PU USE 0.324 (6.851)∗∗∗ 0.001 Yes

H6
TRUST
PEOU

0.364 (8.704)∗∗∗ 0.001 Yes

H7 TRUST PU 0.598 (14.622)∗∗∗ 0.001 Yes

Note: Bootstrapping with 5000 samples based on the Student t-distribution
(499) in single queue: ∗p < 0 05 (t 0 05 ; 499 = 1 64791345); ∗∗p < 0 01
(t 0 01 ; 499 = 2 333843952); ∗∗∗p < 0 001 (t 0 001 ; 499 = 3 106644601).
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stabilized. Stabilization is achieved when there is no substan-
tial improvement in the values obtained.

Table 7 shows the results after running FIMIX with
different numbers of k partitions. Since the number of seg-
ments was unknown a priori, the different segment num-
bers were compared in terms of suitability and statistical
interpretation [85, 86].

A purely data-based approach was taken, which only pro-
vided an approximate guide to the number of segments that
should be selected. Heuristics, such as the information cri-
teria and the EN, are fallible because they are sensitive to
the data and the characteristics of the model [47].

The different criteria obtained were then evaluated.
Sarstedt et al. [51] evaluated the effectiveness of different
information criteria in FIMIX-PLS for a wide range of
data constellations and models. Their results showed that
researchers should consider AIC 3 and CAIC. As long as
these two criteria indicate the same number of segments,
the results probably point to the appropriate number of seg-
ments. In Table 6, it can be seen that in our analysis these
results do not point to the same number of segments. There-
fore, AIC was used with factor 4 (AIC 4, [87]) and BIC. These
indices usually work well and, in our case (see Table 6), they
indicated the same number of segments, which was k = 4.
Other criteria showed this as a pronounced overestimation,
althoughMDL5 indicated the minimum number of segments
k + 1, which in this case would indicate 3 [47].

Measurements of entropy, such as the standardized
entropy statistic (EN), were also considered [88]. EN uses
the probability that an observation belongs to a segment to
indicate whether the partition is reliable or not. The higher
the probability of belonging to a segment is for a measure-
ment, the clearer segment affiliation is. The EN index oscil-
lates between 0 and 1. The highest values indicate a better
quality partition. Previous research provided evidence that
EN values above 0.50 allow a clear classification of the data
into the predetermined number of segments [89, 90]. In
Table 6, it can be seen that all the partitions have values of
EN> 0.50, although the highest value is reached in k = 2 with
EN=0.998; for k = 3 EN=0.819, and EN=0.717 for k = 4.

Therefore, from the proposed solutions, the number of
optimal segments was between k = 3 and k = 4. k = 3 was
taken as the number of segments indicated by FIMIX-
PLS, given that the smallest size of the partitions in this
case was 12.1%.

As can be seen in Table 8, for the k = 3 solution and a
sample n = 445, the partitioning of the segments was 58.2%
(259), 29.6% (131), and 12.1% [91, 92]. The segment sizes
are not small despite the percentages. Therefore, the sample
sizes are sufficient to use PLS. The sample size can be consid-
erably smaller in PLS than in SEM due to covariance [47].
There can even be more variables than observations, and
there may be a small amount of data that is completely miss-
ing [46, 93]. Different authors have shown that in PLS the
sample can be very small [94] and that the minimum can
even be 20 [64].

The segmentation structure of the obtained data is pre-
pared in the third step of FIMIX. To do this, an ex post anal-
ysis was performed [50], which means, firstly, assigning each
observation to a segment from the highest result for the prob-
ability of belonging to that segment. Secondly, the data are
divided by means of an explanatory variable or a combina-
tion of several explanatory variables, resulting in data group-
ing that corresponds to that produced by FIMIX-PLS.

A post hoc analysis was carried out to determine the
explanatory variables that justify this segmentation. Using
the recommendations of several authors, CHAID decision or
classification and regression trees were used to do this [48, 95].

A CHAID decision tree [96] is a graphical and analytical
way of representing all the events that may arise from a deci-
sion. These trees allow the examination of the results and
visually determine how the model flows. The visual results
help to find specific subgroups and relationships that might
not be found with more traditional statistics [97]. In this
investigation, this method was used to make the “best” deci-
sion from a probabilistic point of view on a range of possible
decisions. As seen in Figure 2, the obtained results show that
the HABITAT variable is sufficiently explanatory for the
choice of 4 segments.

Another technique that could be used in the post hoc
analysis was to compare the classificatory explanatory

Table 7: Indices FIT. Criteria for model choice.

FIT indices k = 2 k = 3 k = 4 k = 5
AIC (Akaike information criterion) 3984.504 3891.831 3689.352 3683.153

AIC3 (AIC modified with factor 3) 4007.504 3926.831 3736.352 3742.153

AIC4 (AIC modified with factor 4) 4030.504 3961.831 3783.352 3801.153

BIC (Bayesian information criterion) 4078.760 4035.264 3881.961 3924.940

CAIC (AIC controlled) 4101.760 4070.264 3928.961 3983.940

LnL (LogLikelihood) −1969.252 −1910.916 −1797.676 −1782.577
MDL5 (minimum description length with factor 5) 4639.783 4888.994 5028.399 5364.085

EN (standardized entropy statistics) 0.998 0.819 0.787 0.766

Table 8: Relative segment sizes.

k Segment 1 Segment 2 Segment 3 Segment 4 Segment 5

2 0.637 0.363

3 0.582 0.296 0.121

4 0.561 0.285 0.105 0.049

5 0.374 0.286 0.202 0.089 0.049
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variables using the Analysis of Variance (ANOVA) for a fac-
tor applied to the segment assigned to each observation.

In this way, the CHAID tree was constructed, and the
characteristics of the segments were found using FIMIX-
PLS. The results obtained for the Analysis of Variance
(ANOVA) defined the category variables with explanatory
capacity. Table 9 shows that not only the HABITAT variable
has explanatory capacity but also AGE and FAVORITE
SEARCH ENGINE.

In a more detailed analysis in Table 10, AGE was
not found to be significant when studying the differences
of means for the 3 segments. However, HABITAT and
FAVORITE SEARCH ENGINE were significant.

Table 10 indicates the differences in segments 1 and 2
between towns of <20,000 inhabitants, from 20,000 to
100,000 inhabitants, and >100,000 inhabitants. There are sig-
nificant differences between Google and https://www.ecosia.
org/ search engines in these same segments.

The last step of the FIMIX analysis was to estimate
segment-specific models. Once the HABITAT and FAVOR-
ITE SEARCH ENGINE variables were found to be the main
explanatory variables that justify the FIMIX-PLS partitions,
only the final step remained. In this step, the specific models
for the indicated segments were found.

In order to do this, a multigroup analysis was carried
out for HABITAT, as the results of the CHAID decision
tree suggested. The 3 groups corresponding to living in a
place <20,000 inhabitants, 20,000–100,000 inhabitants, and
> 100,000 inhabitants were used. An analysis of variance
found significant differences for HABITAT between seg-
ments 1 and 2 and also for the FAVORITE SEARCH
ENGINE: Google or Ecosia. After applying bootstrapping
again, the results in Table 11 were found.

These analyses complete the basic steps of the FIMIX-
PLS method. However, other research suggests testing
whether the numerical differences between the specific path
coefficients of the segment are also significantly different

using multigroup analysis. Document research found several
approaches for multigroup analysis, which Sarstedt et al. [98]
and Hair et al. [47] discuss in more detail. Hair et al. [47]
recommend using the permutation approach (Chin & Dib-
bern, 2010; Dibbern & Chin, 2005), which has also been
implemented in the SmartPLS 3 software.

However, before interpreting the results of a multigroup
analysis, the researchers must make sure that the measure-
ment models are invariable in all the groups. Once the mea-
surement invariance (MICOM) described by Henseler et al.
[99] had been checked, an analysis was carried out to find if
there were any significant differences between the segments
using multigroup analysis (MGA). The results can be seen
in the three columns on the right of Table 12.

As can be verified from the results obtained by the
nonparametric testing, the multigroup PLS-MGA analysis
confirmed the parametric tests and also found significant
differences between segments 2 and 3.

There are differences between the first and second seg-
ments but only k = 2 and k = 3 in H1 ATS→USE
(β = 0 642∗∗∗) and k = 1 and k = 3 in H1 (β = 0 521∗∗∗) and
H7 (β = 0 316∗∗∗) show a significant difference.

The validity of the segment measurement model and
its explanatory capacity using R2 is shown in Table 11
with the main results classified by segment. It can be seen
that k = 2 has values for CR and AVE below the limits
(k = 2, CR PU=0.293, AVE PU=0.497). The explanatory
capacity of each segment (R2) was shown to improve in
the general model in all the partitions with the main depen-
dent variable USE.

7.4.1. Assessment of the Predictive Validity. PLS can be used
for both explanatory and predictive research as it can predict
both existing and future observations [100] Predictive valid-
ity indicates that a given set of measurements for any con-
struct can predict a dependent construct [101], as is, in our
case, intention to use (IU).

Predictive validity (prediction outside the sample) was
evaluated by cross-validation with retained samples. The
approach suggested by Shmueli et al. (2016) was used in
this investigation.

Using the research by other authors [102, 103], the cur-
rent PLS Predict algorithm in the SmartPLS software version
3.2.7 was used [65]. This software gave results for the k-fold
cross prediction errors and the summaries of prediction
errors, such as the root mean square error (RMSE) and the
mean absolute error (MAE). The predictive performance

Search 
Engine

Node 0

Node 1

PLACE
> 100,000

Node 2

HABITAT
65.6%

Node 0.1

HABITAT
34.4%

PLACE
20,000-
100,000

Node 3

PLACE
<20,000

Figure 2: CHAID decision tree.

Table 9: ANOVA results.

ANOVA F Sig.

What is your genre? 1.091 0.337

Where is your current house? 3.858 0.022

What is your current situation? 1.558 0.212

What is your education level? 1.649 0.193

How old are you? 3.211 0.041

What is your favorite search engine? 5.415 0.005
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of the PLS route model for indicators and constructs could
then be evaluated. The following benchmarks given by the
SmartPLS team were used to evaluate the predictive per-
formance of the model [102–104]:

(1) The Q2 value in PLS predict: the prediction errors
of the PLS model were compared with the simple
mean predictions. If the value of Q2 is positive,
the prediction error of the PLS-SEM results is less

Table 10: ANOVA differences of means for segments.

Dependent variable (I) segment (J) segment Differences of means (I − J) Sig.

Where is your current house?

1
2 −0.246∗ 0.016

3 −0.082 0.830

2
1 0.246∗ 0.016

3 0.164 0.527

3
1 0.082 0.830

2 −0.164 0.527

How old are you?

1
2 0.160 0.068

3 −0.090 0.709

2
1 −0.160 0.068

3 −0.250 0.107

3
1 0.090 0.709

2 0.250 0.107

What is your favorite search engine?

1
2 −2.511∗ 0.005

3 0.447 0.934

2
1 2.511∗ 0.005

3 2.957 0.079

3
1 −0.447 0.934

2 −2.957 0.079

Table 11: Disaggregate results for direct effects between latent variables.

Hypotheses Global model
FIMIX segmentation

k = 1
n = 292

k = 2
n = 116

k = 3
n = 37 MGAk1 vs k2 MGAk1 vs k3 MGAk2 vs k3

ATS ➔ USE 0.448∗∗∗ 0.516∗∗ 0.637∗∗∗ 0.005 n.s. 0.121 n.s. 0.521∗∗∗ 0.642∗∗∗

PEOU ➔ ATS 0.459∗∗∗ 0.501∗∗∗ 0.166 n.s. 0.597∗∗∗ 0.335∗∗ 0.096 n.s. 0.431 n.s.

PEOU ➔ PU 0.107∗ 0.089∗ 0.008 n.s. 0.068 n.s. 0.097 n.s. 0.157 n.s. 0.060 n.s.

PU ➔ ATS 0.234∗∗∗ 0.294∗∗∗ 0.340∗ 0.115 n.s. 0.634∗ 0.178 n.s. 0.455 n.s.

PU ➔ USE 0.324∗∗∗ 0.309∗∗∗ 0.196∗ 0.690∗∗∗ 0.505∗∗ 0.382 n.s. 0.887 n.s.

TRUST ➔ PEOU 0.364∗∗∗ 0.393∗∗∗ 0.408∗∗∗ 0.336 n.s. 0.015 n.s. 0.057 n.s. 0.071 n.s.

TRUST ➔ PU 0.598∗∗∗ 0.834∗∗∗ 0.300∗ 0.518∗∗ 1.134∗∗∗ 0.316∗∗∗ n.s. 0.818 n.s.

Note: n.s. (not supported); ∗p < 0 05; ∗∗p < 0 01; ∗∗∗p < 0 001.

Table 12: Reliability measurements for the general model and for the three segments.

Global model k = 1 (58.2%) k = 2 (29.6%) k = 3 (12.1%)
CR AVE R2 CR AVE R2 CR AVE R2 CR AVE R2

ATS 0.860 0.672 0.335 0.849 0.651 0.456 0.861 0.674 0.158 0.858 0.679 0.385

USE 0.898 0.746 0.417 0.878 0.705 0.519 0.828 0.618 0.535 0.919 0.791 0.475

PEOU 0.828 0.616 0.133 0.837 0.632 0.151 0.766 0.525 0.166 0.812 0.592 0.113

PU 0.860 0.673 0.413 0.912 0.776 — 0.293 0.497 0.092 0.828 0.616 0.249

TRUST 0.916 0.784 — 0.933 0.824 0.761 0.878 0.708 — 0.885 0.721 —
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than the prediction error of simply using the mean
values. Consequently, the PLS-SEM model offered
appropriate predictive performance. This is the
case here in the two subsamples of segments 1
and 3 (see Table 13) in the dependent construct
IU (Table 14). This indicates that we obtained
good prediction results

(2) The linear regression model (LM) approach: a regres-
sion of all the exogenous indicators in each endoge-
nous indicator was made. When this comparison is
made, an estimate is obtained of where better predic-
tion errors could be obtained. This is shown when the
value of RMSE and MAE are lower than those of the
LM model. If this is found, predictions can be made.
This technique can only be applied for indicators. As
can be seen in Table 14, the values of RMSE andMAE
were mostly negative, which indicated good predic-
tive power

Following Felipe et al. [102], the predictions within the
sample and outside the sample were compared to the real
composite scores. In order to do this, the research by [105]
was used:

Using this procedure, the following metrics were found
for the IU construct: RMSE for the complete sample (see
Table 8) was 0.374 and had a higher value in segment 1
(0.485, difference= 0.111) and lower values in segment 2
(0.205, difference =−0.169) and segment 3 (0.337, differ-
ence =−0.037). As the composite values are normalized
and have a mean of 0 and variance 1, RMSE can be con-
sidered as a measure of standard deviation. The difference
between RMSE within the sample and outside the sample
had a maximum of 0.205, which is less than 25% of
standard deviation [102]. Since the difference in RMSE
is not substantial, excess capacity is not a problem for
this study.

The density diagrams of the residues within the sample
and outside the sample are provided in Figure 3.

As a result of the different analyses, this research
found sufficient evidence to support the predictive validity
(out-of-sample prediction) of our research model, in order to
predict values for new cases of IU. Therefore, the model can
predict the intention to use in additional samples that are dif-
ferent from the data set which was used to test the theoretical
research model [106].

The predictive validity gives additional support for the
research model tested in this paper.

7.5. Considerations for the Management of Internet Search
Engines (IPMA). In line with research that studied data het-
erogeneity [59], the IPMA-PLS technique was used to find
more precise recommendations for the marketing of search
engines on the Internet. IPMA is a grid analysis using matri-
ces that allows combining the total effects of the PLS-SEM
estimation “importance” with the average value score for
“performance” [59, 107]. The results are presented in an
importance-performance graph of four fields. In this way,
marketing actions can be prioritized by taking into account

the average lines of importance and performance for each
latent construct [108].

The results for the different types of search engine users
on the Internet are displayed in Figure 4. As proposed by
other authors with different applications, four different rec-
ommendations can be made for more efficient search engine
marketing actions on the Internet ([109] [59, 110, 111]).

For Groß [59], the interpretation of the four quadrants
into which the graph is divided is as follows:

Quadrant I shows attributes of acceptance that are highly
valued for performance and importance, competitive stress,
and factors which gain or maintain the acceptance of search
engines on the Internet at a high level. Therefore, companies
that are developing search engines should take these attri-
butes into account.

Quadrant II shows acceptance attributes of great impor-
tance but low performance, which need to be improved. In
this case, Internet search engine developers should focus on
these factors first.

Quadrant III shows acceptance attributes that are low in
importance and performance. Due to their low priority, it is
not advisable to focus the efforts of additional improvements
in search engines on these attributes, as long as the strength
of their influence does not change.

Quadrant IV shows acceptance attributes with little
objective importance but a high performance index. This
possible excess of positive acceptance of search engines must
be taken into account so that resources and efforts can be
assigned to other attributes that are not in this quadrant.

The results obtained give unequal results for each seg-
ment. For users belonging to k = 1, all constructs are impor-
tant and offer reasonable performance and show lower
importance and performance of PU but with similar results
to those obtained for Trust and to a lesser extent to PEOU,
which is more important.

Therefore, the individual results for the types of Internet
search engine users can be interpreted in four different rec-
ommendations for carrying out more efficient marketing
actions for search engines on the Internet.

For users belonging to k = 2, the results are the same for
ATS but with slightly less performance in PEOU and
TRUST. These show a very low PU performance, so devel-
opers should focus on marketing campaigns that show the
enormous utility of the product in daily life, without
highlighting the importance but rather the results that can
be achieved with product use.

Finally, the results obtained for k = 3 show a different
situation. These users valued importance >40 and <70, stat-
ing that PU is the least valued and obtained a score of 0.85.
Therefore, in this segment, improvements should be made

Table 13: Summary of dependent variable prediction.

Construct IU RMSE MAE Q2

Complete sample 0.374 0.286 −0.101
Segment 1 0.485 0.376 0.131

Segment 2 0.205 0.161 −0.311
Segment 3 0.337 0.235 0.291
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in the performance of PEOU and ATS, improving the
users’ perception of search engines. Most marketing actions
should be taken in this segment, emphasising the ease of
use, and working on actions that improve attitudes to Inter-
net search engines.

8. Discussion

Firstly, a discussion is made of the results of an extended the-
oretical TAMwith the external variable Trust, which analyses
the intention to use socially and environmentally responsible
search engines. The PLS method was used to analyse the
measurement models and test the hypothesis. The results
showed that the scales used were valid and reliable in all
models. The result also indicated that all the variables were
supported and even Trust influenced PU and PEOU. Other
authors also confirmed this statement [37, 42, 44].

The FIMIX-PLS analysis divided the sample into three
groups. The analysis of the FIT indices, the size of the seg-
ments, and the values of R2 recommended segmentation into

three sample groups. The multigroup analysis found signifi-
cant differences for the relationships in different groups.

The post hoc analysis was made using a decision or clas-
sification CHAID tree [96] which resulted in the best classifi-
cation variables for the sample groups. The results indicated
that the HABITAT variable was the best variable for group
classification. This meant that the three segments should be
made with the size of the locality where the users of the
search engines live. That is, users living in places with
<20,000 inhabitants, between 20,000–100,000 inhabitants,
and >100,000 inhabitants. FAVORITE SEARCH ENGINE
(Google vs. https://www.ecosia.org/) is an additional classifi-
cation variable.

The result of the bootstrapping analysis showed that
some relationships were not valid in some of the segments,
even though they were valid for the complete sample. All
the hypotheses were supported in the largest segment
(58.2%), which means that this group had the standard Goo-
gle search engine user profile.

Google is a world leader in the search engine market,
leading the ranking in all countries except China. In Spain,
it has 95.79% of the market share, followed by Bing (2.61%)
and Yahoo (1.34%) according to data from May 2018 [112].
Therefore, this segment represents the majority of users in
Spain where it is the favorite search engine. It is clear that
computers are not the only devices on which search engines
are used, and many searches are also made with mobile
devices. Taking into account that in Spain Android has
90% of the market share and that the search engine comes
preinstalled in Google’s mobile operating system, it is not
surprising that the Google search engine usage statistics are
so favorable.

However, this majority behaviour was not evident in
the second segment (29.6%), where PEOU did not have
significant relationships with PU and ATS. Of these two

Table 14: PLS predict assessment.

Items PLS LM PLS-LM
RMSE MAE Q2 RMSE MAE Q2 RMSE MAE Q2

Complete sample model

IU1 0.877 0.665 0.114 0.88 0.665 0.107 −0.003 0 0.007

IU2 0.933 0.745 0.158 0.934 0.742 0.156 −0.001 0.003 0.002

IU3 0.861 0.661 0.107 0.863 0.659 0.102 −0.002 0.002 0.005

Segment 1

IU1 0.68 0.534 0.178 0.682 0.535 0.173 −0.002 −0.001 0.005

IU2 0.772 0.625 0.264 0.777 0.621 0.255 −0.005 0.004 0.009

IU3 0.659 0.534 0.135 0.665 0.546 0.118 −0.006 −0.012 0.017

Segment 2

IU1 0.857 0.688 0.031 0.886 0.682 −0.036 −0.029 0.006 0.067

IU2 0.908 0.724 0.025 0.936 0.745 −0.036 −0.028 −0.021 0.061

IU3 0.821 0.674 0.047 0.823 0.657 0.041 −0.002 0.017 0.006

Segment 3

IU1 1.355 1.108 0.117 1.501 1.178 −0.083 −0.146 −0.07 0.2

IU2 1.201 0.952 0.193 1.146 0.928 0.265 0.055 0.024 −0.072
IU3 1.301 1.066 0.137 1.352 1.098 0.068 −0.051 −0.032 0.069
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Figure 3: Residue density within the sample and outside the sample.
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relationships, the multigroup analysis showed significant
differences (confidence level = 99.9%) in PEOU→ATS in
the first two segments. Therefore, it seems that the users
in the second segment do not take into consideration that

the search engines are easy to use, and this fact does not
influence their attitude towards them.

Similarly, segment 2 showed a decrease in the path
coefficients and the significance of the relationships. As
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can be seen in Figure 5, the relationships that changed in
this segment were PU→ATS and TRUST→PU. Other
relationships increased, such as TRUST→PEOU and ATS
→USE. These users are the ones for whom learning how to
use the search engine is not a problem and who do not take
into account its ease of use. The decision to use a search
engine is taken based on the perceptions of its utility
and the confidence generated. This user could therefore
be a potential user of socially and environmentally sustain-
able search engines.

For segment 3 (12.1%), it can be seen that the four
hypotheses were not confirmed (ATS→USE, PEOU→PU,
PU→ATS, TRUST→PEOU), so users in this segment
prefer simple search engines and only consider their use-
fulness. However, PU is not influenced by PEOU, which
means that useful search engines are only influenced by
trust. This type of user prefers alternative search engines
that contribute socially and environmentally and that have
additional search engine utilities, such as being sustainable.
This group, therefore, consists of possible users of sustain-
able search engine.

The explanatory capacity of the segments was higher in
the three analysed partitions (moderate) than in the general
model, with segment 2 having a moderately higher value.

8.1. Segmentation Using Habitat and Favorite Search Engine.
Like other recent studies [60], this study found that segmen-
tation using PLS is a valid and adequate technique for study-
ing unobserved heterogeneity and can help to improve
understanding of marketing in complex systems. In our case,
the place where the user lives (Habitat) and the user’s favorite
search engine (Favorite Search Engine) provided the sample
segmentation and also moderate the relationships in the
accepted model.

Existing scientific literature recognizes the importance of
the moderating effects in relationships and most studies con-
sider this influence in classic TAM [32], TRA (Theory of Rea-
soned Action) [61], UTAUT (Unified Theory of Acceptance
and Use of Technology) [113], and in derived adaptations.

However, literature that uses Habitat as a segmentation
variable or that moderates technology adoption is quite
scarce. Recent studies confirm that adoption of Internet
standards are moderated by national culture [114], and
therefore, the place where one lives conditions perception
of the Internet.

Some authors [5] point out that the second proposed
segmentation variable, favorite search engine preference,
conditions the relationships in the adoption model.

In contrast with other studies into the influence of habi-
tat, a priori variables were not used. This study used unob-
served segmentation to divide the sample into groups so
that the heterogeneity could be found and homogenous
groups created in the population. Later, CHAID analysis
showed that the habitat variable was the best predictive vari-
able for segmentation of the available information. Later, the
unobserved heterogeneity was used as observed heterogene-
ity for a later analysis with ANOVA.

These results show that the habitat variable has a mod-
erating effect on the intention to use certain search engines.
In the group analysis, the MGA test found differences in
the PEOU→ATS relationship in the k1 and k2 segments.
At the same time, the ATS→USE relationship was not sup-
ported in the third segment, and significant differences
were detected with respect to k1 and k2. The rest of the dif-
ferences are in the intensity of the relationship. In the first
segment, Trust→PU has greater significance than in the
second segment, which implies that the search engine effec-
tiveness is more important than other aspects. This con-
firms that segment 2 contains potential users of sustainable
search engines.

9. Conclusion

9.1. Implications for Business Management. In the current
market, technology companies have to deal with complex
problems. Two of the most important are the increasing
variety of products and the changes in consumer demands.
These have forced market research to stop recommending
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Figure 5: Segmentation results.
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undifferentiated marketing strategies and to adopt processes
using segmentation based on causal relationships.

The use of technological products which are designed to
be environmentally friendly and therefore sustainable from
a social point of view is a recent area of interest in the IT sec-
tor. There is still little research in this area, and only a few
companies consider the results of these attributes for their
products. However, users are increasingly interested in these
attributes. This research studied Internet search engines,
where there are still only a few which are socially and envi-
ronmentally sustainable. In order for a search engine to work
all over the world, many computer resources that consume
electricity are needed. Search engine use generates high tem-
peratures that are mitigated with air conditioned rooms, and
these also consume electricity. In fact, Google states that each
query which is made requires around 1 kJ or 0.0003 kWh of
energy [10]. A small part of this energy is generated by
renewable energies, 16.5% in the case of Spain (Eurostat,
2016). This means that the company must compensate
for all the pollution generated by the production of energy
for the servers, network devices, and storage units needed for
search engines to work, by improving the search engine sus-
tainability and environmental awareness. This study found
the best relationship model for the variables that condition
the users’ preference and acceptance of search engines as well
as the profile of sustainable search engine users.

This research makes two important contributions to the
scientific literature. The first contribution is methodological,
with the use of nonparametric heterogeneous unobserved
segmentation as a technique that helps to understand com-
plex systems. As was seen in the literature review, this
methodology has been used by authors for business, mar-
keting, and management, but it has not been applied to
technological products in the IT sector. Consequently, the
behaviour of different Internet search engine user groups
was explored, with special consideration given to environ-
mental sustainability attributes.

All the constructs of the proposed hypotheses in the
general model were accepted. Trust was an important con-
sideration in the acceptance of search engines on the
Internet [5, 37, 38, 42, 44, 45], as it indirectly influences
PU and PEOU.

The following actions were proposed after studying the
segmentation variables and user behaviour in each group.
Users in towns with less than 20,000 inhabitants showed a
utilitarian behaviour, so strategies aimed at increasing per-
formance, productivity, and efficiency are suggested along
with highlighting the advantages of using the search engine.

For users belonging to the second segment, the results are
the same for ATS but with slightly less importance of PEOU
and TRUST. These users give importance to PU, so the
search engine companies should have marketing campaigns
that show the enormous utility of their product in daily life,
and the results that can be achieved by using it.

Finally, the results obtained for the users in the third
segment reflect a different scenario. These users state that
PU is the least important variable for them. Therefore, in this
case, PEOU and ATS should be considered by improving the
users’ perception of the search engine. The most important

marketing actions should be taken in this area, promoting
the attributes of ease of use and actions that improve the
users’ attitude towards using Internet search engines. Sus-
tainability and respect for the environment are important
aspects which should be included in marketing actions.

9.2. Limitations and Future Lines of Research. The research
that was carried out has limitations because it is an explor-
atory study in the very recent area of research into sustain-
able IT products. In the future, larger population sizes
should be used to compare and contrast the results found
in this study. Also, marketing is a complex system where
cause and effect can only be seen in retrospect. The complex-
ity of these systems must be understood and strategies devel-
oped to face these challenges. Another important point is that
the speed of innovation development is often not the same as
that of market research. In addition, users were still not very
familiar with the use of these applications and needed to
watch a video and interact with the sustainable search engine
to see how it worked, but perhaps, more time should be spent
on this for a complete understanding of the application and
its wider ranging effects.
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At present, most of the manufacturers are increasingly laying emphasis on dual-channel selling. The level of consumer’s preference
is diverse with different channels. This study discusses a supply chain where one commonmanufacturer uses two different channels
to sell product. The bounded rationality expectation has been applied to explore the decision-making mechanism in finalizing the
wholesale prices and sales commissions for the manufacturer and retailers. In addition, the dynamic features of the system are
simulated by 2D bifurcation diagram, the largest Lyapunov exponent, attractor variation, and time series. The simulation results
suggest that if the adjustment speeds of the wholesale prices and sales commissions change drastically, the system would fall
into a chaotic state. If the consumers prefer the online channel, the wholesale prices and sales commissions may be raised and
vice versa. However, too strong preference of each channel will make the system appear to have a considerably periodic
fluctuation, even chaos. In the meantime, the parameter adjustment method can help make the periodic or chaotic system go
back to stability. Therefore, the significance of this study is with a practical meaning to make better pricing strategy for players in
dual-channel selling supply chain system.

1. Introduction

The rapid development of Internet technology and social
economy promoted a huge amount of manufacturers who
had been transferred from traditional retailing to the combi-
nation of traditional and electronic retailing. For instance,
according to the data provided by the China Academy of
Information and Communications Technology (CAICT),
sales of smart phone in China records nearly 390 million at
year-end of 2016. Huawei took a 16.4 percent market share
in China, while Apple, 9.6 percent. Smart phone manufac-
turers always distribute their products through both tradi-
tional and online channels. In this research, a pricing
problem in supply chain with one manufacturer (Huawei)
who supplies an identical product (Mate 9) to two retailers
(China Resources Vanguard Co. Ltd. and JD.com) is brought
to discussion. CR Vanguard is one of the world’s top five
hundred enterprises, and it is China’s largest supermarket
chains by a number of stores for years. JD.com is a typical
Chinese e-commerce company which is one of the biggest
e-malls in China with self-support storage and logistics

system. CR Vanguard and JD.com are the typical represen-
tatives of traditional and online channels for smartphone
sales, respectively. Different consumers will choose their
own preferred buying channels. Therefore, the supply chain
driven by the consumer’s channel preference is necessary to
be studied.

Two-echelon supply chain has been widely paid attention
to and discussed in academia. Ma, Ma and Bao [1, 2] investi-
gated the bullwhip effect in a two-echelon supply chain. This
study discusses a supply chain which consists of one com-
mon manufacturer and two retailers from traditional and
online sales channels, respectively. The manufacturer deter-
mines the wholesale prices and the two retailers decide their
own sales prices.

In the current studies [3–7], the consumer preference is
frequently considered as one of the chief factors that influ-
ence the marketing. Especially, consumer’s channel prefer-
ence is a hot topic in supply chain research. Khouja et al.
[8] analyzed the manufacturer’s channel selection and
pricing problem. They considered consumer’s preferences
under different distribution strategies. Gao and Su [9]
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investigated a stylized model where a retailer operated the
dual-channel. Customers strategically make channel choices
that included both online and offline. Ke and Liu [10] dis-
cussed a dual-channel supply chain competition with chan-
nel preference under an uncertain environment. Their
results indicated that the customer’s direct-channel prefer-
ence had the opposite effect on the profit of supplier and
retailer. Gan et al. [11] presented pricing decisions and
profits of supply chain members in a closed-loop supply
chain and considered the parameter of customer’s direct
channel preference as a key factor.

Different from the above mentioned literatures, this
paper discusses the decision-making of wholesale prices
and sales commissions for manufacturer and retailers based
on the bounded rationality expectation by employing com-
plexity theory to explore the effect of the adjustment speed
of the above variables on the system stability. More and
more researchers used bounded rational theory to analyze
the economic model. Ma and Wang [12] applied two non-
cooperative game models to study the bounded rationality
expectation. Song and Zhao [13] pointed out a decision-
making problem of newsvendor system with strategic cus-
tomers of bounded rationality. Ma and Si [14] established
a continuous Bertrand duopoly game model with two-
stage delay to investigate the influence of delay and weight
on the complex dynamic characteristics of the system. Ma
and Xie [15] analyzed the comparison and complexity on
a dual-channel supply chain under the different channel
power structures and uncertain demand. Ma and Xie [16]
discussed the impact of loss sensitivity on a mobile phone
supply chain system stability based on the chaos theory.
In conclusion, it has received a considerable amount of
attention to apply bounded rationality and complexity the-
ory to study the management problems in the supply chain.

In reality, the exploration of the supply chain driven by
consumer’s channel preference based on chaos theory has
a great significance. In this paper, besides the adjusted basic
parameters such as the wholesale prices and sales commis-
sions, the consumer’s channel preference is also discussed.
The results indicated that the preference plays an important
role in status transformation from stability to chaos. In
this analysis, a supply chain model which depicts one
common manufacturer using two different channels to sell
its product is built in the first place. Then, the bounded
rationality expectation is applied to study the complex
dynamics of the system. Furthermore, the dynamic charac-
teristics of the system are discussed by 2D bifurcation dia-
gram, the largest Lyapunov exponent, attractor variation,
and time series. The results indicate that not only the
drastic adjustment of traditional parameters such as the
wholesale prices and sales commissions can make the sys-
tem go chaotic but also the consumer’s channel preference
can also lead to system considerably periodic fluctuation,
even to chaos, which is the primary finding in this article.
Finally, the parameter adjustment control method is per-
formed on the system to return the periodic or the
chaotic state to stability. The conclusions of this paper
can give constructive suggestions for managers of both
manufacturers and retailers.

The structure of this paper is as follows. In Section 2, the
basic model considering the influence of consumer’s channel
preference is established. In this part, the optimal decision of
the complex dynamic system is analyzed. Following Section
2, this study further applies numerical simulation to investi-
gate the stability aspect and the dynamical behaviors. 2D
bifurcation diagram, the largest Lyapunov exponent, attrac-
tor, and time series have been utilized to study the influence
on the supply chain. In Section 4, we introduce the method
to control the chaos system. Finally, the conclusion of this
research is provided.

2. Demand Model

A supply chain system consists of one manufacturer and two
retailers, one of which is a traditional retailer (retailer 1) and
the other is an online retailer (retailer 2), which has been
restricted in this study. The manufacturer provides an iden-
tical product at a constant unit cost (c) and wholesale prices
(wi) to retailer 1 and retailer 2. Then, the retailers distribute
the product to consumers in a commonmarket by traditional
and online channels, respectively. The retailers decide their
unit sales commissions ki, i = 1, 2. Retailer 1 and retailer 2
have a competitive relationship between each other as shown
in Figure 1.

Hence, the sales prices of this supply chain can be
described as pi =wi + ki, i = 1, 2. The demand function is
simplified as the following linear form:

qi = di − δ + γ pi + γp3−i, i = 1, 2 1

This simplified linear demand function has been used
by Anderson and Bao [17], Wu et al. [18], Yang and Zhou
[19], and Choi [20]. Here, di is the market base of channel
i, pi is the sales price of retailer i, δ is the price sensitivity
of the product, and γ denotes the substitutability of the
retailers. In order to discuss the influence of consumer’s
channel preference and pricing strategies on the perfor-
mance of the supply chain members without loss of gener-
ality, the method proposed by Mcguire and Staelin [21] has
been applied to rescale the demand functions in (1). The
scaled model can conduct some analytical comparisons
instead of numerical experiments reported in Xiao et al.
[22]. Let μ = γ/ γ + δ ; the above linear function will be
changed as

q′i = d′i −
δ

1 − μ
p′i +

δμ

1 − μ
p′3−i, i = 1, 2 2

The substitutability of the two retailers in terms of changes
in prices has been denoted as parameter μ. Let ϕ1 = d′1 − δc′

≡ ϕ, ϕ2 = d′2 − δc′ and d′1 ≤ d′2, and define η = d′2 − δc′ /
d′1 − δc′ . The parameter η η ≥ 1 depicts the consumer’s
channel preference.

μ = 0 represents the scenario in which the submarket is
monopolized by one retailer. μ = 1 represents the scenario in
which there exist two completely substitutable retailers. Then,
the prices can be standardized as ki = δ/ ϕ 1 − μ k′i , wi =
δ/ ϕ 1 − μ w′

i − c′ , and pi = δ/ ϕ 1 − μ w′
i + k′i − c′ .
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The demand function q′1 can be formulated as follows:

q′1 = d′1 −
δ

1 − μ
p′1 +

δ

1 − μ
p = ϕ 1 − p1 + μp2 3

q′2 can be obtained by using the same method:

q′2 = d′2 −
δ

1 − μ
p′2 +

δμ

1 − μ
p′1 = ϕ η − p2 + μp1 4

So we can get the demands as below:

q1 =
q′1
ϕ

= 1 − p1 + μp2, q2 =
q′2
ϕ

= η − p2 + μp1 5

But in reality, the market requirements are often influ-
enced by some other factors; here, εi is used to represent these
disturbance factors in research.

q1 =
q′1
ϕ

= 1 − p1 + μp2 + ε1,

q2 =
q′2
ϕ

= η − p2 + μp1 + ε2

6

εi i = 1, 2 follows a normal distribution such that E εi
= 0, var εi = σ2. The expected profit decision models of
the manufacturer and two retailers are shown as

E πr1 = k1 1 − k1 +w1 + μ k2 +w2 ,
E πr2 = k2 η − k2 +w2 + μ k1 +w1 ,
E πm =w1 1 − k1 +w1 + μ k2 +w2

+w1 η − k2 +w2 + μ k1 +w1

7

In order to deduce the marginal profits of the manufac-
turer and two retailers, the first-order partial derivative of
(7) can be calculated as follows:

∂E πr1
∂k1

= 1 − 2k1 −w1 + k2 +w2 μ,

∂E πr2
∂k2

= −2k2 −w2 + η + k1 +w1 μ,

∂E πm

∂w1
= 1 − k1 − 2w1 +w2μ + k2 +w2 μ,

∂E πm

∂w2
= −k2 − 2w2 + η +w1μ + k1 +w1 μ

8

2.1. Optimal Decision. In the market, the optimal decisions of
the retailers and manufacturer are influenced by each other.
Therefore, this study assumes that they share overlapping
information. In this research,whenthemarginal profits reduce

to zero, the optimal decision for retailers and manufacturer
can be obtained. The wholesale prices and sales commissions
are the decision variables. The research calculates the first-
order derivative of the retailers’ and manufacturer’s profit.
When the marginal profit equals to zero, the optimal whole-
sale prices and sales commissions can be derived. The detailed
process is as follows:

∂E πr1
∂k1

= 0,

∂E πr1
∂k2

= 0,

∂E πm

∂w1
= 0,

∂E πm

∂w2
= 0

9

The optimal solution of the system will be solved.

k∗1 = −
3 + ημ

−9 + μ2
,

k∗2 = −
3η + μ

−9 + μ2
,

w∗
1 = −

−3 − 4ημ − μ2

−9 + μ2 −1 + μ2
,

w∗
2 = −

−3η − 4μ − ημ2

−9 + μ2 −1 + μ2

10

2.2. The Complex Dynamics of the System. The real market is
a changeable and complex system. The manufacturer and
retailers cannot know the complete market information,
and predict other decision-makers’ information accurately.
Hence, the bounded rationality expectations have been uni-
versally adopted by market decision-makers. The decision
of t + 1 period is as follows:

k1 t + 1 = k1 t + g1k1 t
∂E πr1 t
∂k1 t

,

k2 t + 1 = k2 t + g2k2 t
∂E πr2 t
∂k2 t

,

w1 t + 1 =w1 t + g3w1 t
∂E πm t
∂w1 t

,

w2 t + 1 =w2 t + g4w2 t
∂E πm t
∂w2 t

11

In the paper, the price adjustment speeds consist of two
wholesale prices and sales commissions. Here, gi > 0 i = 1, 2,
3, 4 ;g1 and g2 are the adjustment speed of the sales commis-
sions with retailer 1 and retailer 2, respectively. g3 and g4
represent the adjustment speed of the wholesale prices with
the manufacturer. Based on the above equation, the four-
dimensional discrete dynamic system can be acquired and
expressed in (12). The wholesale prices and the sales com-
missions in the next period depend on the estimation of these

w2 k2

w1

Manufacturer Customers
Retailer 1

Retailer 2

k1

Figure 1: The model of supply chain.
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period marginal profits. Base on that, the adjustment of
bounded rationality is completed. If the entity’s current mar-
ginal profit is positive, the price will increase during the next
period for higher profits. If the entity’s current marginal
profit is negative, the price should be reduced during the next
period. The dynamic adjustment processes are as follows:

k1 t + 1 = k1 t + g1k1 t 1 − 2k1 −w1 + k2 +w2 μ ,
k2 t + 1 = k2 t + g2k2 t −2k2 −w2 + η + k1 +w1 μ ,
w1 t + 1 =w1 t + g3w1 t 1 − k1 − 2w1 +w2μ + k2 +w2 μ ,
w2 t + 1 =w2 t + g4w2 t −k2 − 2w2 + η +w1μ + k1 +w1 μ

12

After a long period of operation, when ki t + 1 = ki t
and wi t + 1 =wi t , the system will become steady. Under
the equilibrium state, all parties in the game cannot increase
profits for themselves by changing the decision variables.
Therefore, when the decision variables take the values of the
equilibriumstate, everyplayer in the gamecanobtain themax-
imized profit. There are sixteen equilibriums of system (12):

E1 0, 0, 0, 0 ,

E2 0, 0, 0, η2 ,

E3 0, 0, − 1 + ημ

2 −1 + μ2
, − η + μ

2 −1 + μ2
,

E4 0, 0, 12 , 0 ,

E5 0, η3 , −
1 + ημ

2 −1 + μ2
, − 2η + 3θ + ημ2

6 −1 + μ2
,

E6 0, η3 , 0,
η

3 ,

E7 0, η2 , 0, 0 ,

E8 0, − 2η + μ

−4 + μ2
, − 2 + ημ

−4 + μ2
, 0 ,

E∗
9 −

3 + ημ

−9 + μ2
, − 3η + μ

−9 + μ2
, − −3 − 4ημ − μ2

−9 + μ2 −1 + μ2
,

−
−3η − 4μ − ημ2

−9 + μ2 −1 + μ2
,

E10
1
3 , 0, −

2 + 3ημ + μ2

6 −1 + μ2
, − η + μ

2 −1 + μ2
,

E11 −
2 + ημ

−4 + μ2
, 0, 0, − 2η + μ

−4 + μ2
,

E12
1
2 , 0, 0, 0 ,

E13
1
3 , 0,

1
3 , 0 ,

E14 −
3 + 2ημ

2 −3 + μ2
, − 2η + μ

2 −3 + μ2
, 0, − 2η + μ

2 −3 + μ2
,

E15 −
2 + ημ

−4 + μ2
, − 2η + μ

−4 + μ2
, 0, 0 ,

E16 −
2 + ημ

2 −3 + μ2
, − 3η + 2μ

2 −3 + μ2
, − 2 + ημ

2 −3 + μ2
, 0

13
For these above equilibriums, it can be found that E∗

9
is the only point which is completely nonzero. The others
are boundary points. E∗

9 is the unique Nash equilibrium
point. The Jacobian matrix of system (12) can be calculated
as follows:

J E =

1 − 2g1k1 g1k1μ −g1k1 g1k1μ

g2k2μ 1 − 2g2k2 g2k2μ −g2k2

−g3w1 g3w1μ 1 − 2g3w1 2g3w1μ

g4w2μ −g4w2 2g4w2μ 1 − 2g4w2

14

The Jacobian matrix and Jury criterion have been
applied to discuss the local stability of the Nash equilibrium
in this paper.

The characteristic polynomial of the Jacobian matrix is
as follows:

F λ = λ4 + ζ3λ
3 + ζ2λ

2 + ζ1λ + ζ0 15

In order to guarantee the local stability of the Nash
equilibrium, F λ must satisfy the following conditions:

1 + ζ3 + ζ2 + ζ1 + ζ0 > 0,
1 − ζ3 + ζ2 − ζ1 + ζ0 > 0,

ζ0 < 1,
β0 < β3 ,
σ0 < σ2

16

The details of ζ1, ζ2, ζ3, ζ4, β0, β3, σ0, and σ2 are as below:

β3 = 1 − ζ20,
β2 = ζ3 − ζ1ζ0,
β1 = ζ3 − ζ2ζ0,
β0 = ζ1 − ζ3ζ0,

σ2 = β2
3 − β2

0,
σ1 = β3β2 − β1β0,
σ0 = β3β1 − β2β0
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ζ0 = 1 − 2g1k1 − 2g2k2 + 4g1k1g2k2 − 2g3w1 + 3g1k1g3w1
+ 4g2k2g3w1 − 6g1k1g2k2g3w1 − 2g4w2 + 4g1k1g4w2
+ 3g2k2g4w2 − 6g1k1g2k2g4w2 + 4g3w1g4w2
− 6g1k1g3w1g4w2 − 6g2k2g3w1g4w2
+ 9g1k1g2k2g3w1g4w2 − g1k1g2k2μ

2 − g2k2g3w1μ
2

+ 2g1k1g2k2g3w1μ
2 − g1k1g4w2μ

2 + 2g1k1g2k2g4w2μ
2

− 4g3w1g4w2μ
2 + 6g1k1g3w1g4w2μ

2

+ 6g2k2g3w1g4w2μ
2 − 10g1k1g2k2g3w1g4w2μ

2

+ g1k1g2k2g3w1g4w2μ
2,

ζ1 = −4 + 6g1k1 + 6g2k2 − 8g1k1g2k2 + 6g3w1
− 6g1k1g3w1 − 8g2k2g3w1
+ 6g1k1g2k2g3w1 + 6g4w2 − 8g1k1g4w2 − 6g2k2g4w2
+ 6g1k1g2k2g4w2 − 8g3w1g4w2 + 6g1k1g3w1g4w2
+ 6g2k2g3w1g4w2 + 2g1k1g2k2μ2 + 2g2k2g3w1μ

2

− 2g1k1g2k2g3w1μ
2 + 2g1k1g4w2μ

2

− 2g1k1g2k2g4w2μ
2 + 8g3w1g4w2μ

2

− 6g1k1g3w1g4w2μ
2 − 6g2k2g3w1g4w2μ

2,

ζ2 = 6 − 6g1k1 − 6g2k2
+ 4g1k1g2k2 − 6g3w1 + 3g1k1g3w1 + 4g2k2g3w1
− 6g4w2 + 4g1k1g4w2 + 3g2k2g4w2 + 4g3w1g4w2
− g1k1g2k2μ

2 − g2k2g3w1μ
2 − g1k1g4w2μ

2

− 4g3w1g4w2μ
2,

ζ3 = −4 + 2g1k1 + 2g2k2 + 2g3w1
+ 2g4w2

17

Because the conditions are very complex, the process to
solve (12) is a tedious task. If the Nash equilibrium satisfies
(12), it can be considered as locally stable. In the next section,
we will utilize numerical simulation to further analyze the
dynamic characteristic on the system.

3. Dynamic Characteristics of the System

Recently, the numerical simulation method has been widely
applied to represent complex dynamic system in literatures.
In this study, gi i = 1, 2 is the sales commissions’ adjustment
speed of retailer i. gi i = 3, 4 represents the adjustment
speed of the wholesale prices (w1,w2) of the manufacturer.
The values of the system parameters are defined as k1 = 0 1,
k2 = 0 1, w1 = 0 31, w2 = 0 4, g1 = 0 4, g2 = 0 13, g3 = 0 12,
g4 = 0 15, μ = 0 5, and η = 1 1. The stable region, bifurcation,
and chaos will be studied as follows.

3.1. The Stable Region. The decision variables of the system
are wholesale prices and sales commissions. The system will
change to be either stable or unstable, if the wholesale prices
and sales commissions obtain different values. The stability
region of the deterministic system is shown as the blue and
green part in Figures 2 and 3, respectively. The white areas

are the unstable range. If the applied values come from the
blue and green region of Figures 2 and 3, after the iteration
of period by period, the system will tend to reach the equilib-
rium state. If the values landed in the white areas, the system
will exhibit unstable phenomena.

In Figure 2, when g1 increases, the tendency of g2 should
be reduced. In the stable region, it has the opposite effect on
g1 and g2, so does Figure 3. Through Figures 2 and 3, we
found that the stable range of g1 and g2 is almost twice as
much as g3 and g4, when the value of g1 is larger than others’
price adjustment parameters. Period doubling and chaos
should be avoided. The supply chain system should be kept
in the stable state as long as possible.

3.2. The Bifurcation and Chaos Behavior. The parameter
basin has been used to describe 2D bifurcation effect. The
results are shown in Figures 4 and 5. Different colors repre-
sent different cycles. Blue represents the stable region in
Figure 4, and green represents the stable region in Figure 5.
Orange, pink, purple, indigo, brown, yellow, and black
regions represent the stable cycles of the periods from 2 to
8, respectively. The gray region is non-convergence, and the
white region is divergence in both Figures 4 and 5. The sys-
tem can remain stable, when the adjustment parameter gi is
relatively small. As g1 and g2 increase, the system will go into
the stable cycles of period 2. If g1 and g2 continue to increase,
the system will go into the stable cycles of period 4, which is
shown in Figure 4. However, the system continually changes
to the stable cycles of periods 2, 4, 8, and so on. If g3 and g4
keep on increasing, the system will go into chaos state. This
process is depicted in Figure 5. In this situation, the market
will become chaotic and the market participants cannot
make good decisions to reach the best profits.

When the adjustment parameter changes in a small range
from 0, the variables will be stable. However, if the decision

g
1

Unstable range

Stable range

0.00 0.438 0.875 1.310 1.750 2.190 2.630 3.060 3.500
0.00

0.438

0.875

1.310

1.750

2.190

2.630

3.060

3.500

g
2

Figure 2: The 2D stable region of g1 and g2.
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variables adjust sharply, the variables will be unstable. Espe-
cially, in chaotic state, the system will become sensitive and
unpredictable. In economic terms, when the adjustment
parameter exceeds a certain limit, the intense competition
and price drastic fluctuation will occur.

The bifurcation diagram is an intuitive way to show the
dynamic characteristics of the system. One of the parameters
is fixed and the other changed within a certain range. In the
following bifurcation diagrams, the blue line represents k1
and the red line k2. The green line represents w1 and the pur-
ple line w2.

The largest Lyapunov exponent (LLE) is another efficient
way to make clear the complex dynamic characteristics of the
system, which also is corresponding to the variation of the
bifurcation diagram when discussing the same parameter.
The dramatic variation of LLE is accompanied by the deci-
sion variables changing. If the LLE< 0, it means the system
is in a stable state. When the LLE=0 for the first time, the
system stays at a critical point and usually the bifurcation
appears. If the LLE> 0, it indicates that the system runs into
the unstable state. The manufacturer and retailers should be
cautious to prevent system chaos.

The following part gives the bifurcation diagram and LLE
diagram with respect to the parameters g1, g2, g3, and g4.
The bifurcation diagrams of k1, k2, w1, and w2, with respect
to the adjustment speeds of the sales commissions, are shown
in Figures 6 and 7. In the same condition, Figures 8 and 9
depict the variation of LLE with respect to g1 and g2.

When g1 ∈ 1 5, 3 10 and with the other parameters set-
tled down, the conditions of k1, k2, w1, and w2 are shown in
Figure 6. Because the dots of w1 and w2 gather together, we
further enlarge critical parts in sub-windows in order to
describe the bifurcation conditions of w1 and w2. The upper
small picture is the blowup of the bifurcation diagram for w1
and w2, and the other one is the blowup of the bifurcation
diagram for k2. When g1 ∈ 0, 2 338 , k1, k2, w1, and w2 are
all in the stable state. When g1 grows to 2.339, k1, k2, w1,
and w2 bifurcate at the first time and enter into the stable
cycles of period 2. If g1 continues to increase, the system will
enter into the stable cycles of period 4.

Figure 8 reveals the variation of LLE along with g1
increasing, which expresses the pattern of the complex
dynamic behavior caused by the growth of the price adjust-
ment speed. Figure 8 explores the LLE of the system with
respect to g1 ∈ 1 5, 3 10 . When g1 ∈ 0, 2 338 , the LLE is
below zero, which indicates that the system is stable. When
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Figure 5: 2D bifurcation diagram of g3 and g4.
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Figure 4: 2D bifurcation diagram of g1 and g2.
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g1 increases to 2.339, the LLE is equal to zero and the bifur-
cation occurs in the system. The bifurcation point in Figure 8
is the same as that in Figure 6.

Figures 7 and 9 also have the same bifurcation point. k1,
k2, w1, and w2 bifurcate at 2.156 as g2 varies from 0 to 2.98.
If g2 continues increasing, the system runs into the cycles
of period 4. In order to describe the changing processes of
the system from the stable state to the chaotic region more
clearly, g1 and g2 start from 1.5 in Figures 6–9.

The bifurcation diagrams of k1, k2, w1, and w2, with
respect to the adjustment speeds of the wholesale prices, are
shown in Figures 10 and 11. In the same condition,
Figures 12 and 13 depict the variation of LLE with respect
to g3 and g4.

k1, k2, w1, and w2 bifurcate at 1.096 as g3 varies from 0 to
1.70. k1, k2, w1, and w2 bifurcate at 1.107 as g4 varies from 0
to 1.73. If g3 and g4 continue increasing, the system runs into

cycles of periods 4, 8, and so on. Next, the system will fall into
chaos gradually. In this part, g3 and g4 start from 0.7 in
Figures 10–13.

Above all, Figures 10–13 sufficiently indicate that if the
wholesale prices of the manufacturer are adjusted drastically,
the system will fall into chaos. On the other side, as shown in
Figures 6–9, if the sales commissions of the retailers are
adjusted radically, the bifurcation will appear but the chaos
will not occur. From an economic point of view, if the adjust-
ment parameter rapidly changes, the market will fall into the
chaotic state. Therefore, the manufacturer and retailers
should keep the price adjustments within a reasonable range.

The substitutability of the retailers will be discussed in the
following part. μ = 0 represents the demands which are abso-
lutely independent. Each retailer is a monopolist in its own
area. μ = 1 represents the two retailers who are totally substi-
tutable. When μ ∈ 0, 0 89 and the other parameters are kept
constant, the situations of k1, k2, w1, and w2 are shown in
Figure 14. When μ grows to 0.872, the system begins the first
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Figure 8: The largest Lyapunov exponent of the system with respect
to g1 ∈ 1 5, 3 10 .
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Figure 9: The largest Lyapunov exponent of the system with respect
to g2 ∈ 1 5, 2 98 .
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Figure 6: Bifurcation diagram of k1, k2,w1,w2 when g1 ∈ 1 5, 3 10 .
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bifurcation which is the stable cycles of period 2. If μ continues
to increase, the system runs into the stable cycles of periods 4,
8, and so on. Then, the system will fall into chaos gradually.
The small picture in Figure 14 is the blowup of the bifurcation
region for k1, k2, w1, and w2, when μ ∈ 0 8, 0 89 .

Figure 15 explores the LLE of the system with respect to
μ ∈ 0, 0 89 . When μ ∈ 0, 0 871 , the LLE is less than zero,
and the system is in a stable state. While μ grows to 0.872,
LLE changes into zero for the first time, and the system falls
into the bifurcation state, the completely same bifurcation
points in Figures 15 and 14.

In Figure 14, the manufacturer is more sensitive to the
substitutability of the retailer, which leads to a rise in the
wholesale price. However, the retailer’s profits are robust to
the changes in the retailer’s substitutability. Under this con-
dition, fierce competition may lead to the dominance of the
manufacturer. Nevertheless, bifurcation and chaos will still
occur in the market after the fierce competition, once a cer-
tain extent of substitutability remains among the retailers of
different channels.

The impacts of consumer’s channel preference on the
dynamic system will be discussed in the following part. When
η ∈ 0, 3 80 , η = 3 80, g1 = 0 4, g2 = 0 4, g3 = 0 4, and g4 =
0 4, the situations of k1, k2, w1, and w2 are shown in
Figure 16. The lines in the bifurcation diagram indicate that
other parameters are stabilized separately, when η is chang-
ing in the range of [0, 3.80]. When η grows to 2.558, the sys-
tem begins the first bifurcation which is the stable cycles of
period 2. If η continues to increase, the system runs into
the stable cycles of periods 4, 8, and so on. After that, the sys-
tem will fall into chaos gradually. Figure 17 proves the same
conclusion as Figure 16 does.

The curves of the traditional retailers and online retailers
are shown in Figure 16. When η > 1, it can be found that the
channel preference of consumers will convert from one chan-
nel to another. If one channel has more consumer preference,
its wholesale prices and sales commission will rise; w2 >w1
and k2 > k1 are displayed in Figure 16. However, if the
channel preference obviously comes to one channel, it is pos-
sible that bifurcation and chaos appear in the system.
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Figure 12: The largest Lyapunov exponent of the system with
respect to g3 ∈ 0 7, 1 70 .
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Figure 13: The largest Lyapunov exponent of the system with
respect to g4 ∈ 0 7, 1 73 .
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Figure 11: Bifurcation diagram of k1, k2, w1, w2 when g4 ∈ 0 7,
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In this paper, the chaos attractor has been investigated to
the dynamic characteristics of the system. Strange attractor is
a set of numbers of indefinite points. The larger the space of
the strange attractor is, the more complex the structure will
be. No matter how instable the system is, the points are
always attracted along a certain trajectory.

Figure 18 shows the chaotic attractor of w1 and w2, when
k1 = 0 31, k2 = 0 1, w1 = 0 31, w2 = 0 4, g1 = 0 4, g2 = 0 13,
g3 = 1 65, g4 = 0 15, μ = 0 5, and η = 1 1, the system becomes
complex and even moves into chaotic state. The dynamic
characteristics of the system are obvious. Based on parameter
studies, w1 changes in a larger range than w2 when the
adjustment speeds of wholesale price g3 change more inten-
sively than g4.

The time series of different decision variables are
shown in Figures 19 and 20. In the chaotic state, the sys-
tem is more sensitive to the initial value. The phenomenon
can be called as the initial value sensitivity. In Figure 19, to
better show the character of the chaotic system, we assume
the retailer 1 to make decisions under the condition that

η = 3 75 and show the time series of k1 after 100 iterations.
The blue line represents the initial value with k1 = 0 1, and
the red line represents the initial value with k1 = 0 101,
when the dynamic system state is in a chaotic state. We
also set the other parameters’ values as follows: k2 = 0 1,
w1 = 0 31, w2 = 0 4, g1 = 0 4, g2 = 0 4, g3 = 0 4, g4 = 0 4,
and μ = 0 5. As shown in Figure 19, although the initial
value of sales commissions only changes from 0.1 to 0.101,
after 100 iterations, a large gap between the two tracks
will occur.

Figure 20 shows the time series of k1, k2, w1, and w2 in a
stable state. We set the initial values of the wholesale prices
and sales commissions as k1 = 0 3, k2 = 0 6, w1 = 1, and w2
= 0 5 in Figure 20. We set the initial value of k1 and w2 from
a low value, while we set the initial value of k2 and w1 from a
high value. We set the same initial values of k1, k2,w1, andw2
with those above. k1, k2, w1, and w2 would gradually flatten
after 12 iterations shown in Figure 20.

In short, Figures 19 and 20 have different meanings.
The adjustment speeds of the wholesale prices and sales
commissions depend on the price fluctuation levels. As
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Figure 16: Bifurcation diagram of k1, k2, w1, w2 when η ∈ 0, 3 80 .
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Figure 17: The largest Lyapunov exponent of the system with
respect to η ∈ 0, 3 80 .
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Figure 15: The largest Lyapunov exponent of the system with
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such, the manufacturer and retailers should keep price
adjustment in reasonable ranges.

4. Chaos Control

The excessive competition will cause the chaotic phenom-
enon of a market, which poises negative effect on all com-
petitive subjects in the market and impedes the economic
operation. Therefore, some chaos control methods have
been made use of to propel the system to return to stable
equilibrium. There are a lot of chaos control methods such
as continuous feedback control, self-adaptation control,
and OGY. In this research, parameter adjustment control
method has been used. The manager can control the cha-
otic behavior through introducing the control parameter υ.
Huang [23] conducted the chaos control with setting the
control parameter as υ = 0 6. The values of the other
parameters have been set in the sections above. The stable
range and the bifurcation diagram will be given to account
for the state of the system. Under the parameter adjust-
ment control, the system can be expressed as follows:

k1 t + 1 = 1 − υ k1 t + g1k1 1‐2k1 −w1 + k2 +w2 μ

+ υk1 t ,

k2 t + 1 = 1 − υ k2 t + g2k2 −2k2 −w2 + η

+ k1 +w1 μ + υk2 t ,

w1 t + 1 = 1 − υ w1 t + g3w1 1 − k1 − 2w1
+w2μ + k2 +w2 μ + υw1 t ,

w2 t + 1 = 1 − υ w2 t + g4w2 −k2 − 2w2 + η +w1μ

+ k1 +w1 μ + υw2 t

18

Under the process of chaos control, three parame-
ters, including wholesale price, consumer’s channel pref-
erence, and the substitutability of retailers, will be
discussed in this part. If g3 equals 1.65, the system will
be chaotic. When the control parameter υ varies from 0
to 0.7, the changes of the system are shown in
Figure 21. Besides, if μ equals 0.892, the system will
be chaotic. When the control parameter υ varies from
0 to 0.3, the changes of the system are shown in
Figure 22. Finally, if we set η = 3 8, g1 = 0 4, g2 = 0 4,
g3 = 0 4, and g4 = 0 4, the system will be chaotic. When
the control parameter υ varies from 0 to 0.4, the changes
of system are shown in Figure 23.

The above figures indicate that the chaos of the system
has been controlled when introducing the controlling
parameter υ. With υ increasing, the system changes from
the chaotic region to the bifurcation region. When υ is
big enough, the system will fall into the steady state. For
the manufacturer and retailer, they should try their best
to control the system into the stable state and maximize
their profits.
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Figure 20: Time series of k1, k2, w1, w2 in a stable state.
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Figure 19: Time series of k1 in a chaotic state.
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Figure 18: The chaotic attractor of w1 and w2.
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5. Conclusion

A supply chain system consisted of one manufacturer and
two retailers have been discussed in this study. One is a tradi-
tional retailer and the other an online retailer. The complex
dynamics of the system is studied by numerical simulation.
The dynamic characteristics are investigated through 2D
bifurcation diagram, the largest Lyapunov exponent, chaotic
attractor, and time series. Finally, parameter adjustment con-
trol method is used to control the chaos.

In this paper, a pricing problem in the supply chain with
one manufacturer who supplies an identical product to two
retailers has been researched. For example, Huawei supplies
Mate 9 to China Resources Vanguard Co. Ltd. and JD.com.
CR Vanguard and JD.com are the typical representatives of
traditional and online channels, respectively. These research
results indicate that if the retailers compete with each other,
the substitutability between the two sales channels will be
generated. The competitions between retailers are helpful
for the manufacturers. However, when the competition is
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Figure 21: Bifurcation diagram when υ varies from 0 to 0.7 and g3 = 1 65.
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fierce, the traditional and online channel can be replaced by
each other, and the system will be reduced into a chaotic
state. This article has demonstrated that consumer’s channel
preference can affect the wholesale prices and sales commis-
sions. If the consumers prefer any channel of the two, its
wholesale prices and sales commissions may be raised. When
the preference is too intense, the system will be unstable and
even lead to chaotic phenomena. The parameter adjustment
control method is performed on the parameters of wholesale
price; the substitution of retailers and consumer’s channel
preference make the system stable by adjusting the parameter
υ. For all these works, the achievements of this study have
both theoretical and practical significances for the manufac-
turer and retailers.

The conclusions of this paper can be helpful to the man-
agers; however, there still exist some limitations. On the one
hand, it considered a model of two-stage and dual-channel
supply chain, which might be simple in practice. On the other
hand, we only did the numerical simulation but did not make
an empirical analysis of influence factors as an example.
Hence, in the future, research based on large amounts of real
data is significant. We may do further study in multi-stage
and multi-channel supply chains in a practical market.
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