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Foreword

Human-computer interaction (HCI) is acquiring an ever-increasing scientific and
industrial importance, as well as having more impact on people’s everyday life, as an
ever-growing number of human activities are progressively moving from the physical to
the digital world. This process, which has been ongoing for some time now, has been
dramatically accelerated by the COVID-19 pandemic. The HCI International (HCII)
conference series, held yearly, aims to respond to the compelling need to advance the
exchange of knowledge and research and development efforts on the human aspects of
design and use of computing systems.

The 24th International Conference on Human-Computer Interaction, HCI
International 2022 (HCII 2022), was planned to be held at the Gothia Towers Hotel
and Swedish Exhibition & Congress Centre, Göteborg, Sweden, during June 26 to
July 1, 2022. Due to the COVID-19 pandemic and with everyone’s health and safety in
mind, HCII 2022 was organized and run as a virtual conference. It incorporated the 21
thematic areas and affiliated conferences listed on the following page.

A total of 5583 individuals from academia, research institutes, industry, and
governmental agencies from 88 countries submitted contributions, and 1276 papers
and 275 posters were included in the proceedings to appear just before the start of
the conference. The contributions thoroughly cover the entire field of human-computer
interaction, addressing major advances in knowledge and effective use of computers in
a variety of application areas. These papers provide academics, researchers, engineers,
scientists, practitioners, and students with state-of-the-art information on themost recent
advances in HCI. The volumes constituting the set of proceedings to appear before the
start of the conference are listed in the following pages.

The HCI International (HCII) conference also offers the option of ‘Late Breaking
Work’ which applies both for papers and posters, and the corresponding volume(s) of
the proceedings will appear after the conference. Full papers will be included in the
‘HCII 2022 - Late Breaking Papers’ volumes of the proceedings to be published in
the Springer LNCS series, while ‘Poster Extended Abstracts’ will be included as short
research papers in the ‘HCII 2022 - Late Breaking Posters’ volumes to be published in
the Springer CCIS series.

I would like to thank the Program Board Chairs and the members of the Program
Boards of all thematic areas and affiliated conferences for their contribution and
support towards the highest scientific quality and overall success of the HCI
International 2022 conference; they have helped in so many ways, including session
organization, paper reviewing (single-blind review process, with a minimum of two
reviews per submission) and, more generally, acting as goodwill ambassadors for the
HCII conference.



vi Foreword

This conference would not have been possible without the continuous and
unwavering support and advice of Gavriel Salvendy, founder, General Chair Emeritus,
and Scientific Advisor. For his outstanding efforts, I would like to express my
appreciation to AbbasMoallem, Communications Chair and Editor of HCI International
News.

June 2022 Constantine Stephanidis
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Preface

With the rapid technological advances of mobile communications, mobile applications
are not only changing people’s living style but also changing organizations’, industries’,
and governments’ operation, management, and innovation in a new way, which
further impacts the economy, society, and culture all over the world. Human-computer
interaction plays an important role in this transition.

The 3rd International Conference on Design, Operation, and Evaluation of
Mobile Communications (MOBILE 2022), an affiliated conference of the HCI
International conference, addresses the design, operation, evaluation, and adoption
of mobile technologies and applications for consumers, industries, organizations, and
governments. The purpose of this conference is to provide a platform for researchers
and practitioners from academia, industry, and government to discuss challenging ideas,
novel research contributions, and the current theory and practice of related mobile
communications research topics and applications.

The papers accepted for publication this year provide a good overview of currently
active themes and topics in the field of mobile communications. Several contributions
pertain to design procedures and aspects of mobile applications and services
addressing a variety of fields, such as health, well-being, tourism, culture, entertainment,
and human collaboration. A considerable number of papers address topics related to
user experience evaluation of mobile communications, as well as their acceptability
and adoption, encompassing issues relevant to privacy, trust, ethics, and user loyalty. In
an era when social media are omnipresent, several papers focus on approaches and
findings from studies of mobile commerce and social commerce, as well as social
media advertising and influencers. Finally, the prominent topic of mobile interactions
with agents as well as other recent and emerging technologies in the field are included
in the papers that readers can delve into.

One volume of the HCII 2022 proceedings is dedicated to this year’s edition of the
MOBILE conference and focuses on topics related to designing mobile interactions
and systems, user experience and adoption of mobile communications, mobile
commerce and advertising, and mobile interactions with agents, as well as emerging
mobile technologies.

Papers of this volume are included for publication after a minimum of two single-
blind reviews from the members of theMOBILE Program Board or, in some cases, from
members of the Program Boards of other affiliated conferences. We would like to thank
all of them for their invaluable contribution, support, and efforts.

June 2022 Gavriel Salvendy
June Wei
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Abstract. The interaction and awareness services play a key role on the impact
that mobile collaborative systems have on their application domains. Identifying
these services at early design stages is not only challenging, but also mandatory
to determine the feasibility and scope of the system to be developed. Based on a
literature review, this paper presents a set of interaction and awareness services
that helps designers determine what services to embed into mobile applications,
depending on interaction needs that must be addressed.

Keywords: Computer-mediated communication · Interaction and awareness
services · Interaction design ·Mobile collaborative systems · People-driven
collaboration

1 Introduction

December defines Computer-Mediated Communication (CMC) as “a process of human
communication via computers, involving people, situated in particular contexts, engag-
ing in processes to shape media for a variety of purposes” [1]. Examples of CMC
are social interaction through social media [2], mobile collaborative work [3] and
people-driven collaborative processes [4].

For many years, the Computer-Supported Cooperative Work and Human-Computer
Interaction research communities have studied the CMC processes from several per-
spectives, trying to understand its implications mainly on the social, educational and
business domains [2, 5]. However, few research efforts have been done from the soft-
ware engineering perspective, to determine the interaction requirements that should be
considered when designing applications that support these processes.

Today, the identification of interaction requirements, particularly, the interaction and
awareness services required to support people-driven collaborative processes (PDCPs),
is done in ad hoc manner following guidelines from participatory design [6]. This means
the interaction services identification depends on several factors, like the skills of the
people performing the elicitation, the size and complexity of the PDCP being addressed,
and the capability of the users to participate in the elicitation and design of interaction
services. Consequently, the results of the services elicitation are highly unpredictable
and error-prone, and also it tends to be slow, expensive and difficult to replicate [7].
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G. Salvendy and J. Wei (Eds.): HCII 2022, LNCS 13337, pp. 3–16, 2022.
https://doi.org/10.1007/978-3-031-05014-5_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-05014-5_1&domain=pdf
https://doi.org/10.1007/978-3-031-05014-5_1


4 M. Canche et al.

In order to address such a challenge, the authors proposed avisualmodeling language,
named Computer Interaction Modeling Language (CIMoL) [8], which allows designers
ofmobile collaborative systems to represent and characterize the CMCmechanisms (i.e.,
interaction and awareness services) required by participants in people-driven collabora-
tive process to interact among them. These participants can be human beings, software
agents, information repositories, and also end-users utilizing commercial applications.
The interaction requirements between different types of participants can be also differ-
ent; therefore, this is an aspect that software designers have to address when conceiving
and modeling these applications.

This article presents a review of interaction and awareness services reported in the
literature, which can be used to support mobile workers participating in PDCPs. Next
section presents the background on PDCPs and also on the systems that support these
processes. Section 3 describes the stereotypes of actors that can interact with these
systems. Section 4 presents the communication and awareness services that can be used
to support interactions among the participants. Section 5 shows a correspondence matrix
that relates interaction services with the types of users roles participating in PDCPs.
Section 6 presents the conclusions and future work.

2 Background

Collaborative processes can be classified according to their level of structuredness, rang-
ing from tightly framed (structured) to fully unframed (unstructured) processes, as shown
in Fig. 1. Next, each class is described according to the definitions presented in [9, 10].

Fig. 1. Level of structureness of collaborative processes [10]: (a) tightly framed processes; (b)
loosely framed processes; (c) ad-hoc framed processes; (d) fully unframed processes.

• Tightly framed processes. These processes are well structured, fully predictable and
highly repetitive. In this process type, the activities performed by the participants
as well as the activities workflow are completely predefined. These workflows pass
through the same predetermined order of steps over and over again, very often it
consists of routine activities. Figure 1.a shows the structure of these processes; typical
examples of them are found in production and administrative processes.

• Loosely framed processes. These processes capture standard ways of performing tasks
(Fig. 1.b). They have a completely predetermined workflowwith some exceptions. An
example of a loosely framed process is the processing of consumer credit applications,
where there is a clear workflow, but also some exceptions depending on the particular
customer request or customer type submitting the application.
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• Ad-hoc framed processes. These processes capture structured fragments that are then
composed on a per-case basis (Fig. 1.c). Processes in this category contain a predefined
workflow, but also parts of them being ad-hoc planned and executed. An example of an
ad-hoc framed process is the solving of software problems. In this scenario, a standard
guide to develop the solution of the most software problems can be pre-established,
however, some of them have to be planned and solved on-the-fly.

• Fully unframed processes. These processes are fully unpredictable and highly non-
repetitive. That is, the activities performedby theparticipants, aswell as theirworkflow
cannot be predefined at design time. This kind of process frequently involves urgent,
short-lived, exceptional, and/or confidential activities, which are typically performed
considering participants’ roles. Figure 1.d represents this type of process; examples
of them are hospital work, disaster relief efforts, and global software development.

The two latter kinds of processes (ad-hoc framed and fully unframed processes) are
usually also known as people-driven [11] or knowledge intensive [12]. The main charac-
teristics of a people-driven collaborative process (PDCP) is the presence of roles played
by the participants, and a lack of a pre-established workflow (or part of this workflow)
that coordinates the actions of the participants. As mentioned in the introduction, the
participants decide on-the-fly how and when to conduct the coordination activities, by
considering several context variables, such as, the content of their to-do list, or the prior-
ity/urgency of their pending activities. The modeling of interactions in this process type
is the focus of this work.

2.1 Mobile Collaborative Systems that Support PDCPs

A collaborative process involves people (users) playing predefined roles and interacting
among them to reach common goals (usually, group or organizational goals) [13, 14].
These processes are commonly supported by several types of software applications, e.g.,
cloud-to-mobile collaborative systems [15], as a way to make the people’s participation
more flexible, and improve the efficiency of the processes.

The design of these applications involves four major design dimensions (Fig. 2):
communication, coordination, collaboration, and awareness. The communication dimen-
sion identifies the channels and mechanisms required to support interactions among the
participants in a PDCP. This dimension also determines the basic services required to
coordinate the people’s activities, and integrate and share the interim results. The com-
munication and coordination services are usually required to allow collaboration among
the participants, and thus help them reach their individual and group goals.

The awareness dimension includes themechanisms (usually through visual represen-
tations) that keep participants informed about the joint work, and mediate the communi-
cation, coordination, and collaboration among these people. Coordination, collaboration,
and awareness are design aspects that depend on the communication support provided
by the PDCP. Designing the communication aspect of a collaborative system (i.e., the
interaction services) is mandatory to then address the other design aspects.
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Fig. 2. 3C model adapted from [16, 17].

2.2 Using Mobile Collaborative Applications in PDCPs

We name “human-machine unit” (HMU) to a mobile worker that uses a collaborative
application to participate in a PDCP. Typically, these HMUs perform loosely-coupled
work [18], i.e., the HMUs work autonomously most of the time and carry out sporadic
on-demand collaboration processes. Once finished the collaboration activity, these units
return to autonomous work [19, 20].

Figure 3 shows two HMUs interacting; they play the role A and B respectively, and
use a shared workspace (e.g., the mobile app of Uber) to participate in a PDCP. For
instance, let us suppose that a sales company contracts Uber to transport their salesmen
with minimum delay among several places they have to visit during a working day. In
this case, the role A could be the salesmen and the role B can be a particular subset of
Uber drivers. Both roles can use a particular flavor of the Uber application to coordinate
the pick-up and drop-off times, monitor availability of the counterpart, or estimate trips
duration.

Fig. 3. HMUs interacting through a mobile collaborative application

The front-end of the application usually represents the major part of the shared
workspace; therefore, it changes with every application. The information and services
available to the user, and also the way to visualize them, is ad hoc to the PDCP being
addressed by these HMUs.
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Figure 4 shows the Uber workspace. It embeds awareness mechanisms that allow
drivers and potential passengers to know what is happening in the collaborative envi-
ronment (e.g., what cars are in the area, or where is the current location of the assigned
driver).

In this sense, the application usually provides to HMUs contextual information (usu-
ally as visual awareness) about the collaboration environment. However, each HMU has
information of its own local context (L_CTX in Fig. 3), which is kept in the users’ mind.
The HMUs use both context information to determine their next action, therefore, their
workflow is defined on-the-fly.

Fig. 4. Interface of the Uber workspace

The HMUs participating in a PDCP perform several activities depending on their
own needs, or address the requests of other units. When the HMU needs to interact with
others, e.g., to perform ad hoc coordination activities, the collaborative system should
provide them: 1) particular services that support the interaction between every pair of
roles, and 2) awareness information that allows the HMUs to determine when and with
whom to interact. Therefore, the design of the interaction support to be embedded in the
mobile application must identify these services.

Typically, it is done as part of the requirement engineering and preliminary design
stages. Consequently, the languages used to model interaction scenarios should allow
representing these services, since they are part of the agreement and shared understanding
between the stakeholders and provider.

3 Stereotypes of Users in Mobile Collaborative Applications

As mentioned before, several types of actors can participate in the interaction scenarios
involved in PDCPs, and the visual languages used to represent them should allow spec-
ifying the types of participants. Figure 5 shows a more complete interaction scenario,
where we can identify internal and external users. The first one are actors (end-users)
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that utilize the application being developed, as an instrument to interact with others.
Different actors types, and also different roles, can access different functionality of the
mobile application.

The internal users can be human beings, but also information repositories or soft-
ware agents. The repositories are passive actors that act as intermediary between other
participants. The software agents are autonomous components that have a set of services
predefined to interact with others. It is assumed that repositories and software agents
have high availability to perform interactions; in this sense, their uptime is considered
similar to a cloud regular service.

As shown in Fig. 5, agents and repositories do not have a local context as the human
being. Their local context, if there exists, it is part of the shared data space.

On the other hand, the external users are human actors that interact with others using
a system that is different to the mobile application being developed. For instance, a user
can utilize the regular Telegram or Whatsapp system to communicate with actors that
use the ad hoc mobile collaborative application.

Fig. 5. Types of participants in interaction scenarios involved in PDCPs

Having external users allows the participation of people that are not willing to install
the ad hoc collaborative application in their devices. For instance, a physician (i.e., a
particular mobile worker) can participate in several PDCPs using Whatsapp, regardless
of whether other users utilize an ad hoc application to interact with him/her. When
external users are going to participate in PDCPs, the collaborative system should provide
a software interface (usually an API) with external applications to allow the interaction
with those users.
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4 Interaction Services

As any software system, the applications supporting a PDCP usually require a commu-
nication interface to an information environment that is shared by the participants, in
order to enable them to achieve group and individual goals. Designing such an interface
requires identifying the suitable interaction services (particularly, communication and
awareness mechanisms) to support the collaborative work.

Researchers recognize that identifying interaction services when a scenario is being
modeled is a challenging task, due it depends on both, the task to be supported and
the interaction context [21]. Such as described in [22], groupware services (i.e., those
involving multiuser interactions), differently from functional services, are often known
by users but not clearly visible for most developers, whereby the elicitation of group-
ware requirements may have to involve people with some experience in the design of
collaborative tools.

Some works have proposed methods to perform this activity and they also have
described typical services involved in mobile collaborative applications. The following
subsections describe some of the main services found in the literature. It is worth men-
tioning that this work does not intend to present a comprehensive catalog of services, but
a relevant list of them. Such a list should help engineers identify interaction requirements
(interaction services) to be embedded into the system being designed.

4.1 Communication Services

Communication is the most important aspect to foster collaboration, since only
through communication other collaboration aspects (e.g., coordination) may occur
[21]. To identify communication requirements, the system designers must know which
communication aspects should be provided in each particular collaboration context.

Typically, the complexity of such an identification process increases when diverse
communication services are required. For instance, a single CMC activity (e.g., a meet-
ing) often contains many types of information with diverse channels that may be acti-
vated. This was empirically revealed with a study showing that those who frequently
communicate or engage in important information exchanges tend to combine the use of
diverse media [23].

A review of the typical communication services was performed in order to provide
a helpful list of them to engineers developing mobile collaborative systems. Table 1
contains such services that can be used to support interaction scenarios in PDCPs.

Table 1. Typical communication services that can be in systems supporting PDCPs

Communication service Description References

Email Send and receive emails [21, 24, 25]

File transfer Exchange of digital information (files). It can
include the transmission of heavyweight data types,
such as images, video or audio files

[3, 24, 26]

(continued)
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Table 1. (continued)

Communication service Description References

Boards Exchange of information through electronic boards.
Also referred to as discussion forums or bulletin
boards in the literature

[21, 24, 25]

Audioconference Perform an audio conference among two or more
participants

[21, 24]

Videoconference Perform a video conference among two or more
participants

[21, 24, 27, 28]

Message exchange Exchange of electronic messages with particular
(ad hoc) formats

[3, 21, 24, 29]

According to the participants’ needs, diverse communication services can be required
depending on the time the interaction among participants takes place. For instance, when
a synchronous interaction occurs, both participants need to be available and prepared to
interact at the same time, and they should have access to the necessary communication
services to carry out the interaction process. Conversely, in an asynchronous interaction
the time is more flexible, and the participants do not necessarily have to be available to
interact at the same time. In this scenario, the participants do not knowwhen themessages
will be received or sent until these messages arrive at the destination [21]. Moreover,
whether the interaction is synchronous/asynchronous, different communication services
must be identified and defined.

4.2 Awareness Services

As described previously, identifying awareness services (as part of the interaction ser-
vices) is a difficult task. Similar to the previous subsection, a review of the main aware-
ness services considered in the development of collaborative applicationswas performed.
This provides a helpful list of services, which are likely to be included in an application
during its design.

In this review, several interesting and useful works were identified. For instance, [22]
presents a method that helps designers of mobile collaborative applications to identify
awareness mechanisms to support nomadic users that perform a particular collaborative
activity. In such a work, a list of useful awareness services is identified from literature.
Similar to that study, [30, 31] provide different kinds of awareness obtained from reviews
of a significant number of proposals from the literature.Moreover, going further Collazos
et al. [32] present a review of several awareness mechanisms, frameworks and uses
proposed in the literature from a software engineering perspective. They also propose the
definition of a framework that could assist groupware engineers to incorporate awareness
mechanisms in the development of collaborative systems. The most widely accepted
awareness services,which also can be considered to be embedded inmobile collaborative
systems that support PDCP, are presented in Table 2.
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Table 2. Main awareness services that can be embedded in systems supporting PDCPs

Awareness service Description References

Location Awareness related to the physical or
virtual location of a user. It includes
awareness about different aspects related
to location: distance regarding other users,
and displacement from the other user

[22, 26, 30, 31, 33]

Availability Indicates whether the user is busy or
available to collaborate with co-workers

[21, 22, 31–33]

Presence Indicates the presence of the user in the
interaction. This service includes
awareness about connected / disconnected
users, and transitions between connection
and disconnection

[19, 22, 33, 34]

Communication log Awareness related to the interactions’
history

[3, 21, 31]

Messages status Informs the user when her/his messages
are sent/delivered to the target users

[22, 32]

Incoming call Informs the user when a call is incoming
to her/his device

[33]

Identity (user representation) Provide information about the co-workers [31, 32]

It is important to mention that although the literature shows additional types of
awareness services, potentially useful for collaborative applications, our aim is to identify
the services required by participants in people-driven collaborative processes to interact
among them. For instance, a type of awareness named activity awareness [22], indicates
the individual activities the users are engaged in (at their device), or another type of it
named workspace awareness, which refers to the capability to utilize determined cues
to understand the activities being carried out in the workplace [30].

4.3 Complementary Requirements

Besides typical interaction services (communication and awareness services) that are
useful to support a PDCP, we have also identified in the literature relevant requirements
supporting communication or data transmission when CMC takes place. Among them,
we can mention the following:

• Communication directionality [21, 24, 29]
• Explicit “reply-to” relations [29]
• Roles definition (external users, agents, work groups, etc.) [21, 26]
• Number of participants (not per roles, but researchers acknowledge the lack of them)
[21, 26, 29]
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Table 3. Matrix showing the possible services required by each user type in his/her interaction
with the counterpart
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• Cardinality in interactions (combinations to represent communication with one or
many persons) [21, 26]

• Participants privacy [21, 26]
• Speed of communication [29]

These requirements could be relevant if the application must support some specific
needs from the participants’ interactions. Of course, if a modeling notation considers
visual components for all of them, it could become excessively expressive to the designer
(i.e., the end-users of these notations), and probably jeopardize its usability. Therefore,
the inclusion of visual components to model these aspects should be carefully evaluated
before including them into a new or existing notation.

5 User Stereotypes versus Interaction Services

The correspondence matrix shown in Table 3 relates interaction services with the types
of users roles participating in a people-driven collaborative process. In that, concordance
combinations become apparent and also trade-offs are identified. Thismatrix can be used
for identifying participants’ needs in correspondence with their roles.

In such a table we can observe the possible interaction services that can be required
by each user type. For instance, a human being (independently if he/she is an internal or
external user) interacting with another human being (also internal or external user) can
require all or part of the communication services listed in Table 1 and all or part of the
awareness services listed in Table 2. However, if a repository is interacting with a human
being, the former only can require the email or the file transfer service to communicate
with the latter and no awareness service (i.e. the awareness services regarding its coun-
terpart are useless for the repository). A similar situation happens with an agent, it can
only require part of the communication services and no awareness about its counterpart.

6 Conclusions and Future Work

This paper presents a review of interaction and awareness services reported in the lit-
erature, which can be used to be embedded in applications supporting mobile workers
participating in people-driven collaborative processes. Also, this work can help design-
ers to get a deeper understanding of the communication and awareness needs in order
to define more suitable supporting requirements. With the typical interaction services
shown in this article it is possible to organize and use them in the requirements engi-
neering stage using existing elicitation techniques and modeling notations. Moreover, it
describes the stereotypes of users that can utilize (or interact with) themobile application
supporting PDCPs. Based on the characteristics of them, a correspondence matrix was
developed, which illustrates which interaction services can be used for each kind of user
according to who he/she communicates with. It helps designers of mobile collaborative
systems to determine, at early development stages, which communication and awareness
services to embed into the applications.

The future work considers to assess the actual services supported by modeling nota-
tions and languages, in order to determine their suitability and completeness to model
mobile applications that support PDCPs.
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Abstract. To solve the problems of the traditional classroom-based dragon boat
race teaching, such as the lack of venues, facilities and experienced instructors,
as well as the loose course design, etc., this paper proposes a web-based teaching
system that applies the virtual simulation technology. Based on the theoretical
and practical knowledge of the dragon boat race, this paper has found the specific
information-based teaching methods that are useful for teaching this sport, with
the hope to enhance the experiences and outcomes of teaching and training.

Keywords: Virtual simulation technology · Dragon boat race · Virtual reality

1 Introduction

The dragon boat race, commonly also known as “hua longchuan” (“rowing the dragon
boat”), is a folk sport event that is popular both in China and among the Chinese-
speaking world, particularly in the provinces in the southern part of China, such as
Fujian, Guangdong, Jiangxi, Hunan, Guizhou, Taiwan, and Hubei [1]. The dragon boat
race, a Chinese folk culture with a long history of more than two thousand years, has
attracted people around the world to experience its unique charm. Today, beyond its
original nature as a local folk culture and sporting event, the dragon boat race has now
become a new platform for people across theworld tomeet and exchange cultures. As for
the young people, to organize the dragon boat race activities in schools and universities
can enhance students’ team spirit and, at the same time, allow them to experience this
fine cultural tradition.

With the rapid progress of the global information technology, the information-based
teaching methods emerging in the “Internet Plus” era are transforming the traditional
teaching. This paper proposes to apply virtual simulation in dragon boat race training,
which follows the current trend towards information-based teaching in physical edu-
cation. The proposed system will not only promote the dragon boat race culture and
teaching, but also provide a teaching model for the training of other folk sports.
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2 Virtual Simulation: Definitions and Applications

2.1 Virtual Simulation

In 1965, American scientist Ivan Edward Sutherland, known as “the father of virtual
reality”, put forward the idea of building a virtual world by computer, which started the
research of virtual reality [2]. Regarding the definition of virtual simulation, researchers
have different ideas. Some think virtual simulation is a rising discipline, and most regard
it as a technology; however, both views agree on its essential features [3, 4].

Wang Weiguo, et al. collected and reviewed the literature, documents and Internet
resources about the application of virtual simulation to experimental teaching in the uni-
versities outside China, and identified ten information technologies that are commonly
used in virtual simulation teaching; they are multimedia, man-machine interaction, visu-
alization, simulation, virtual reality (VR), virtual simulation, augmented reality (AR),
virtual world, 3D printing, and telepresence. Among them, virtual simulation is the
result of the developments in multiple technologies, such as multimedia, virtual reality,
man-machine interaction, Internet, and communications; it is a more advanced simula-
tion technology which integrates simulation and virtual reality (VR), as well as other
technologies [5].

2.2 Research Status of Virtual Simulation in Physical Education

Wang Weiguo, et al. reviewed the current situation of virtual simulation experimen-
tal teaching in the universities outside China, and listed the cases in the US, UK and
Canada. They concluded that the rapid development of information technology has
provided strong support for the establishments and applications of virtual laboratories,
virtual simulation experimental systems, collaboratory platforms, immersive experimen-
tal software and open education resources, which has triggered reform in the concepts,
modes, methods and means of experimental teaching [6].

Regarding the use of virtual simulation in physical education, ShaoRuifang et al. have
found two types of teaching methods after reviewing the relevant literature: using virtual
simulation to make courseware and using virtual simulation to create man-machine
interaction [7].

Some researchers have adopted virtual reality tomake courseware. ZhaoXiaokun did
a teaching experiment, in which the experimental group incorporated Flash courseware
into the traditional teaching and the control group only used the traditional method. The
results show that the method used by the experimental group effectively improves the
students’ focus and movement proficiency; also, it also gives quick feedback, which
helps the students better master the key and difficult techniques and more engaged
in learning [8]. He Kun and Wang Ying, used virtual reality to create courseware in
their respective teaching experiments; the results show that virtual reality courseware
significantly improves students’ engagement and learning outcomes [9, 10].

Some researchers have used virtual simulation for man-machine interaction in their
teaching. Song Wei applied virtual simulation called TRACKMANGOLF in his teach-
ing experiments, which got the data of the clubhead speed, angle of attack, swing path,
club face angle, and shot distance. The results show that the TPI teaching method helps
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the beginners perform better in the clubhead speed and shot distance than the traditional
teaching method does; in addition, it increases the students’ swing stability [11]. Pan
Yonggang applied KUDU movement analysis system in his golf teaching experiment,
with the number of the experimental group and control group being 14 and 15, respec-
tively. The results show that the 7 iron club in the experimental group shows higher
weekly ratio in shot distance, ball speed and clubhead speed than those of the control
group. Moreover, Pan concluded that the inquiry-based golf teaching that applies virtual
simulation helps the learners better master the correct techniques, significantly improv-
ing the golf teaching results [12]. Lu Jie used the golf simulator to integrate virtuality
and reality in his teaching. He used the methods of experiment, questionnaire, and com-
parative teaching; the results show that the experimental group do significantly better
in general physical training, movement techniques, and swing stability than the control
group. Lu concluded that virtual simulation can enhance student engagement and self-
motivation, better achieve the teaching objectives, improve the teaching efficiency, and
help the students master the key techniques [13]. Jiang Qinxian used 3D video motion
capture system to record the golfer’s torso forward-inclination angle, side-inclination
angle, clubhead speed, club-shoulder angle, and shoulder-hip angle, to check the con-
sistency in movement and clubhead speed between non-ball swing and ball swing. The
results show differences in the data of both movement and clubead speed [14]. Han
Li and Liu Qi used the motion capture technology in their experimental teaching with
the 2012 Volleyball Class at Liaoning Normal University. The experimental group used
the real-time man-machine interaction system based on virtual simulation, and the con-
trol group were taught in the traditional method; the experiment lasted for 16 teaching
hours. The results indicates that the motion capture technology had a significant impact
in improving students’ technique performance and the teaching quality [15]. Covaci
A. et al. developed a virtual basketball free-throw system by using the motion capture
technology, which allowed the students to practise free throw without the presence of
the instructors [16].

2.3 Virtual Simulation in Dragon Boat Race Teaching

Significance of Teaching Dragon Boat Race in China. Zhao Cibao et al. studied the
importance of teaching the dragon boat sport in China from the perspective of cultural
dual-core theory. They points out that the teaching content and models are the key
issues of training dragon-boat talents in China; they suggested that the teaching content
of the dragon boat culture include six sub-cultures (dragon boat spirit, racing culture,
educational culture, entertainment culture, material culture, and business culture), which
encompasses twenty specific cultural aspects in total [17]. Chen Linhua and Gao Jierong
believe that the dragon boat race reflects the traditional Chinese concept of respecting
nature and developing in balance; they advocated to design the teaching based on the
ecological view of curriculum, arguing that the course should offer teachers and students
an open teaching and learning space and an opportunity to get closer to water and
nature, and that the course should have a positive influence on students’ personal growth
and teachers’ professional development [18]. The dragon boat race, being regarded
as a folk sport that reflects China’s socialist cultural values, has been introduced into
China’s higher education and seen rapid development, which is of certain significance
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in promoting Chinese folk sports, carrying forward the national spirit and culture, and
achieving the rejuvenation of the nation [19].

Challenges in Dragon Boat Race Teaching. Wu Guangjin investigated into the key
difficulties in university dragon boat teaching, which include the lack of training venues
and facilities, fundings, and experienced trainers [20]. Lin Li points out that the main
challenges for teaching the dragon boat sport lie in venues, fundings, experienced train-
ers, and the balance between students’ academic learning hours and dragon boat training
hours [21]. Lin Yaohui also found that the external circumstances, venues and facilities,
fundings, and qualified trainers are the key aspects that hinder the development of the
Dragon Boat Clubs in China’s universities [22].

Applying Virtual Simulation to Dragon Boat Race Teaching. The dragon boat race,
with its nature as a folk culture and a folk sport, is inevitably constrained by the external
circumstances in its development. The information-based teaching methods can help the
students better memorize the knowledge about the dragon boat race and enhance their
engagement and motivation, offering them a better learning experience than the tradi-
tional classroom teaching do (Fig. 1). The virtual simulation dragon boat teaching system
has several advantages: first, the virtual simulation teaching can break the restrictions of
time and space; second, it can visualize the optimized real-time movement techniques
to the students while they are doing the training; third, the rapid development of the
technologies will lower the cost of using new media in teaching. In a word, to some
extent, the proposed virtual simulation system can solve some of the above discussed
main problems facing the dragon boat teaching, such as the lack of venues and facilities,
fundings, experienced instructors, and good course design, etc.

Fig. 1. The information-based teaching
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3 Basic Ideas of Virtual Simulation Dragon Boat Teaching System

3.1 Design of the System

This system applies virtual simulation to dragon boat race teaching; it integrates such
technologies like 3D model, imitation, man-machine interaction, etc. to dynamically
simulate and visualize the real-life dragon boat racing scene (Fig. 2). For people of any
age groups and professions, such simulation can help them visually get to understand
this sport and “how to row” the boat. Furthermore, this system can also addVR gears and
motion-sensing devices to offer the students the realistic-looking experiences. Besides,
in terms of the specific strength training, this system, for its advantage of learning by imi-
tation, can provide students better learning experiences in not only theorical knowledge,
but also actual strength training.

Fig. 2. Design of virtual simulation Dragon Boat Race teaching system

3.2 Benefits of the System

Its main benefits include

1. In terms of the knowledge learning, it can help students better grasp the knowledge
of the Chinese folk sports and learn the dragon boat race rules and umpire rules.

2. In terms of the specific techniques, it can help students better master the basic
holding-paddles and stroking techniques, understand how to do the general physical
training, and see visualized movement structure and characteristics.

3. In terms of the learning outcomes, for the students who have access to the offline
dragon boat racing venues and facilities, introducing virtual simulation teaching can
enhance their understanding of the key and difficult points of the classes, which
can increase their learning efficiency. As for the students who have no access to the
offline racing facilities, the web-based teaching system can not only increase their
interests, but also allow them to timely check how well they have learned by doing
the simulation-based tests after each web-based class.
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4 Collecting Information and Building Virtual Simulation Model

Modeling of the dragon boat virtual environment includes race-lane modeling, ambient
environment modeling, character modeling, and the rendering of the sky, ripples, and
virtual environment. Before building the virtual simulation teaching model, we need to
collect information.

1. Collect the dragon boat race venue information. Collect and sort out the information
about the dragon boat training and racing venues through the methods of literature
review, interviews with experts, and field research, to maximumly re-create a real
racing scene to enhance the experience.

2. Get the dragon boatmodel diagrams. Frist get themodel diagrams of the dragon boat,
dragon head and tail, then take close shots of them with a high-definition camera for
the details, which is important for the modeling and laminating at the later stage.

3. Choose software. The currently popular software for virtualizing environment and
character modeling is 3ds Max, combined with the use of Photoshop. The virtual
environment it creates can offer students a more realistic experience.

4. Build the model. Imput all the collected information and photographs mentioned in
1) and 2) into 3ds Max, which will draw the shape of the dragon boat based on the
information about the dragon boat culture and fork culture, preliminarily creating a
2D image. Then use the editor to transform the 2D image into a 3D model, which
is the final model of the dragon boat. Then use Unity 3D and heightmap to simulate
the realistic racing scenes in the open water (Fig. 3).

Informa on-collec ng stage

Synthesizing and modeling stage

Interac ng with mul ple technoligies 
stage

Fig. 3. A flowchart showing the process of virtualizing the Dragon Boat Racing scenes

5 Realization of Virtual Reality Interaction in Dragon Boat Race
Teaching

5.1 Realization of the Virtual Effect

Input the prepared racing scene, the dragon boat model, and ambient information into
Unity 3D (Fig. 4); at the same time, add the prepared 3D model, materials, and com-
ponents into the scenes to synthesize multiple files, then adjust the model features like
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location and situation to model the scenes [23]. This system uses 3DMax and Unity 3D
to build the virtual environment for the dragon boat race teaching; it uses the 3D Max
rendering function and Unity 3D Shaderlad to further render the virtual environment
effect [24, 25].

Fig. 4. Virtual scene of Dragon Boat Race

5.2 Realization of the Immersive Effect

The immersive effect is achieved through watching the images on mobile phones with
VR devices (commonly seen in the market like VR glasses) (Figs. 5 and 6). As the basic

Fig. 5. The VR device
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conditions for achieving 3D effect is to split screen and watch them through two separate
lenses, so that both eyes can watch the same image to reduce the sense of visual overlap
caused by binocular angle overlap. For the same reason, the key to realize VR interaction
in the dragon boat race teaching is to display the real-time image from the Unity 3D on
PC onto the mobile terminals in the split-screen mode [26].

Fig. 6. A student with VR glass

6 Conclusion

Folk culture is the culture of the ordinary people, which comes from life and shows
features of inclusiveness, continuity, and persistence. As an inexhaustible source of folk
culture, the dragon boat race, for its casual and lively cultural elements and long history,
should be learned and carried forward by the young Chinese, and should be regarded as
an embodiment of national spirit and a way of body building. To incorporate immersive
VR into dragon boat race teaching is not only important for promoting this cultural
tradition, but also, as a good example of the trending teaching method based on VR,
useful for the education, transformation, and development of other folk cultures.
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Abstract. Sports intangible cultural heritage is an important part ofChina’s excel-
lent traditional culture, and it can strengthen the development of sports culture and
promote its prosperity. As an art with the characteristics of the Chinese nation and
the continuation of the red revolutionary culture, Ansai waist drum has the repu-
tation of “the first drum in the world”, “victory waist drum” and “the soul drum
of the Chinese nation”. The Ansai waist drum was included in the first batch of
national intangible cultural heritage in 2006, which made the Ansai waist drum
once again enter the public eye. In order to better inherit and develop Ansai waist
drum, which is an excellent sports culture of the Chinese nation, this paper aims
to explore the application of AR technology to promote the spread of Ansai waist
drum. While introducing AR technology and Ansai waist drum, this paper ana-
lyzes the role of AR technology in promoting the excellent sports culture of the
Chinese nation, summarizes the advantages of AR technology in promoting the
spread of Ansai waist drum, and proposes strategies for AR technology to acceler-
ate the promotion of Ansai waist drum. It is hoped that AR technology can better
advance the efficient popularization of a series of Chinese excellent sports culture
such as Ansai waist drum.

Keywords: Ansai waist drum · AR technology · Cultural promotion · Intangible
cultural heritage

1 Introduction to AR Technology and Ansai Waist Drum

1.1 AR Technology

Augmented Reality (AR) is a technology that calculates the position and angle of camera
images in real time and adds corresponding images [1]. The goal of this technology is
to organically integrate the virtual world and the real world, and then interact in two
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directions. And it is presented in the field of vision with the help of display technology.
Augmented reality is a new and hot research field in recent years, causing numerous
technical and theoretical studies. As for the definition of augmented reality, different
experts have given different descriptions. After a comprehensive comparison and sorting
out, the same conclusion is reached: Augmented reality (AR) can integrate virtual things
and information into the real environment, such as graphics, video, sound and even
the touch that people can really feel and all of these can be superimposed through
specific devices or methods [2], while allowing users to interact with virtual things
and information to a certain extent. Then virtual things and information are used as
supplements to the real scene to achieve the effect of augmented reality [3].

1.2 Ansai Waist Drum

Ansai waist drum originated in Ansai District (formerly Ansai County), Shaanxi
Province. It has a huge influence in Yan’an area and even the entire Shaanxi Province.
It is deeply loved by the masses and was selected as the first batch of intangible cultural
heritage in 2006. Ansai waist drum is a comprehensive sports activity project, which is a
comprehensive presentation form of sports, music and dance [4]. Ansai waist drum has
a long history and is characterized by the Loess Plateau. In the process of development
and evolution in recent years, Ansai waist drum has integrated modern dance, traditional
martial arts, gymnastics, percussion and performance of folk songs. Its content and form
are rich and diverse, and it is suitable for a wide range of people. The Ansai waist drum
was performed at the founding ceremony of the People’s Republic of China in 1949,
the 3rd anniversary celebration, the 50th anniversary celebration, the 60th anniversary
celebration, the 70th anniversary celebration and other large-scale events. It is an integral
part of the culture of the Yellow River Basin. As a folk-art project, it is a mass physical
fitness activity. Besides, the Ansai waist drum has the function of strengthening the body,
and its movements include twelve elements such as twisting, running, jumping, turning,
kicking, dodging, dodging, shaking, straddling, angling, jumping, and celerity. At the
same time, the Ansai waist drum is also an integral part of the Yellow River culture, it
has unique regional characteristics. Therefore, the cultural charm contained in the Ansai
waist drum is even more memorable [5].

According to the “Classic of Mountains and Rivers”, the drum was invented during
the war between the Yellow Emperor and Chi You, and it was widely used in the war
a long time ago. During the Qin Dynasty, the soldiers defending the city regarded the
waist drum as a weapon of equal importance to the sword, bow and arrow. At that
time, when the enemy was attacked, the soldiers would play drums to remind other
soldiers, so that the soldiers quickly entered a state of combat readiness. At the same
time, the corresponding information can be transmitted with the help of different drum
sounds, thus realizing the confidentiality of military information. When the two armies
are fighting fiercely, the sonorous and powerful sound of drums can boost morale and
act as a deterrent to the enemy at the same time. The Ansai Waist Drum in the “Yan’an
Period” is also known as the “Victory Waist Drum”. From October 19, 1935 to March
23, 1948, this was the thirteen years of the Central Committee of the Communist Party of
China in Yan’an. At that time, the role and value of Ansai waist drum, a folk- art activity,
also changed, and it was mainly used to publicize the party’s policies and guidelines.
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With the beginning of the National Liberation War in 1946, the Ansai waist drum also
was spread to the north and south of the motherland. The military and civilians used the
Ansai waist drum to express and celebrate the joy of the victory of the revolution.

There is a saying in Ansai, “Whether it is a ninety-nine-year-old old man or a child
who had just learned to walk, everyone knows how to play the drum”. Now that people’s
living standards are improving day by day, and waist drum performances are performed
among neighbors or in the same village in their spare time. With the popularity of waist
drums in Ansai showing a trend of spreading out, more and more young people join the
team of learning and inheritance. Wang Peng from Ansai District Intangible Cultural
Heritage Protection Center said, “At present, Ansai District has established an electronic
archive of Ansai waist drum successors and an Ansai waist drum training center. Ansai
District also holds a school-wide waist drum competition every year. The popularity
rate of the waist drum in schools has reached more than 85%. We welcome fans from
all over the country and even the world to come to exchange and learn the Ansai waist
drum.” At present, the physical education classes of Ansai waist drums entering Shaanxi
Province’s universities, primary and secondary schools are in full swing. There are more
and more fans of Ansai waist drums, and foreign friends are also crazy about it, which
fully demonstrates the excellent culture of the Chinese nation.

In 1989, the Song Dynasty portrait brick “Ansai Waist Drum” unearthed in Ansai
Country.

1.3 The Artistic Core of Ansai Waist Drum

Ansai waist drum is an excellent sport of the Chinese nation. The essence of its perfor-
mance, “six strengths” respectively refers to: shaking the head with strength, swinging
the hammer with ruthlessness, kicking with brute strength, turning with fierce strength,
jumping with strength, and the whole body exerted strong energy [6]. With the pros-
perity and development of the motherland, the Ansai waist drum has long since faded
away from the traces of war and sacrificial times, and replaced it with a new form of
celebration, physical fitness, entertainment and rehabilitation. Ansai waist drum closely
combines sports, literature and art, also it is an important resource of folk sports culture.
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The waist drum is an important way to reflect the “spirit” of the Chinese people, and it
also represents the spirit of the times of the Chinese nation’s perseverance and daring to
fight.

Ansai Waist Drum in the 1940s.

1.4 The Analysis of Combination of AR Technology and Ansai Waist Drum

The application of AR technology to promote Ansai waist drum is an opportunity in
new era. And it is also a new attempt, breaking the traditional cultural promotion model.
By downloading the APP software equipped with AR technology, with AR technology
glasses, and loading the resources of Ansai waist drum culture and technology, fans can
freely choose different Ansai waist drum performance clips, so that they can understand
the Ansai waist drum immersive. The Ansai waist drum culture can also be understood
by more people with the help of AR technology. AR technology can decompose the
complex movements in the Ansai waist drum. With the help of experiential teaching,
learning Ansai waist drum is more interesting.

2 The Role of AR Technology in Promoting the Excellent Sports
Culture of the Chinese Nation

2.1 Enhancing the Simulation of the Excellent Sports Culture of the Chinese
Nation

Cultural promotion has undergone a major shift with the advent of new technologies.
AR technology collects, summarizes and presents body parameters during exercise, and
combines with interactive motion capture devices to provide real-time feedback on body
movements, analyzes and virtualizes the learning process of sports technology, and helps
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fans enhance their sports experience. AR technology allows fans to intuitively feel and
control the dynamics of sports activities such as Ansai waist drum to gain cognition.
What’s more, AR technology can help fans shape the learning situation of sports cultural
projects, as if they are in a multi-person sport. Especially for enthusiasts, AR technology
canmake people quickly enter the simulation scene of sports, enhance the sense of reality
experience and stimulate interest in learning.

2.2 Promoting the Formation of the Chinese Nation’s Excellent Sports Culture
Immersion

The research of the famous psychologist Trechler shows that the amount of knowledge
acquired by means of sight, hearing and touch is 83%, 11% and 1.5% respectively.
From this, it can be seen that there is a high correlation between acquiring teaching
knowledge and physical sensory experience, and immersion is mainly shaped by the
environment to achieve the resulting experience. AR technology can effectively pro-
mote the organic combination of vision, hearing and touch, therefore sports culture fans
can quickly immerse themselves in the interaction between virtual and real situations.
AR technology can break the constraints of region, space and language, so that enthu-
siasts can devote themselves to activities. AR technology can break the limitation of
sports cultural space in the process of technical teaching of sports activities such as
Ansai waist drum, encourage enthusiasts to interact and feedback with virtual learning
content, improve participation and control in order to stimulate enthusiasts to improve
their professional skills. By shaping the physical education teaching process, creating
a practical stage space simulation, and outlining the process of physical education and
the space for its special development and changes, the full function of perception can be
obtained.

2.3 Stimulating the Independence of Participating in the Excellent Sports
Culture of the Chinese Nation

Physical culture programs are also effective collections ofmultiplemotor skills. Learning
new skills is a process. Many difficult sports activities will make fans feel intimidated,
and VR technology can help fans to evaluate their learning according to their own
conditions, and capture actions through a video interface to increase their participation
in sports. The combination of enthusiasts’ self-learning, theoretical study and sports
practice has become an inevitable trend in the reform and development of physical
education, which is also the emphasis of AR technology. It can effectively help students
develop the habit of playing sports independently, which is also an important goal of
sports culture promotion. Integrating VR technology into the excellent sports culture
of China can encourage fans to learn and play sports by their own according to their
actual conditions, create a variety of virtual sports situations, enrich sports information
resources, receive various feedback data in a timely manner, and fully stimulate sports
culture enthusiasts to participate into physical activity with high willingness.
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3 The Analysis of the Advantages About AR Technology
in Accelerating the Spread of Ansai Waist Drum

3.1 AR Technology Reduces the Technical Difficulty of Ansai Waist Drum

Ansai waist drum has a strong sense of rhythm andmany essentials of movement. It is an
extremely particular sports art in the excellent sports culture of China. It also integrates
martial arts, dance, music and percussion. The performance was initially conducted by
the lead drummer with the whistle, who later became the conductor of the band. The
drummer’s suit and props were originally in the style of ancient warriors, but white
kerchief shaped like lamb belly and red belt have become the clothing feature of waist
drum performers, which has been applied to this day [7]; the drummer’s drumstick is
about 25 cm, and the red silk is around 40 cm; the red silk that is used to bind waist drum
is up to 2 m, the drum body is made of red wood, and the ends are covered with cowhide.
The Ansai Waist Drum vividly displays the scenery and land forms of the Loess Plateau
through the changing and blurred movements of running, jumping, twisting, turning,
kicking, flashing, stomping, straddling, angling, and jumping [6], with the help of the
drummer’s body to constantly change within a certain area.

It is difficult to learn the movements of the Ansai waist drum, especially in the early
stage of learning in which the multiple movements of the Ansai waist drum should
be connected. The problem can be effectively solved by AR technology that brings
fans into the real situation of Ansai waist drum and slowly decomposes the action with
their own learning, largely reducing the difficulty. At the same time, AR technology
can help Ansai waist drum to seize the opportunities of the times, take advantage of
the current scientific development concepts, and form the characteristics of Ansai waist
drum promotion and teaching. The method about adding traditional waist drum to rich
multimedia technology can attractmore youngpeople to participate in this activity.While
protecting and inheriting the pure essentials of the Ansai waist drum, AR technology
also combines tradition and modernity which brings traditional culture to enter society
and life. AR technology can fully decompose the steps of Ansai waist drum, helping
more young enthusiasts to use modern equipment to reduce the difficulty of learning
and increase the fun of learning, so that the fans can easily enter the Ansai waist drum
situation without going to Ansai, and improve the efficiency of learning.

3.2 AR Technology Fully Demonstrates the Ansai Waist Drum Culture

In the early stage of the large-scale promotion of Ansai Waist Drum, AR technology can
effectively make up for the deficiency of Ansai Waist Drum realistic experience, help-
ing more fans to experience the atmosphere of multi-person participation of Ansai Waist
Drumwithout limitations about time and place. Ansai waist drum is an excellent national
traditional sports culture in China. It can be seen from its cultural functions, character-
istics and value that waist drums can not only improve physical fitness and delight both
body and mind, but also preserve and inherit excellent cultures such as the Loess Plateau
and the Yellow River. AR technology can selectively design the development mode of
Ansai waist drum according to its own actual and local cultural characteristics, and inte-
grate the local features of traditional culture, which is helpful for the development of
Ansai waist drum in different regions.
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Most of the primary and secondary schools in Yan’an City and Yulin City in northern
Shaanxi have already carried out the Ansai waist drum school-based curriculum. In
particular, Ansai County began to make the waist drum into the campus activities in
the primary and secondary schools in the region as early as 2002, which won the love
of many physical education teachers and primary and secondary school students. The
project has become the characteristic and shining point of school sports, and it has fully
certified the feasibility of integrating Ansai waist drum into the school sports curriculum.
If AR technology can be fully applied in the process of introducing Ansai waist drums
into the campus, students can use AR technology to understand the charm of Ansai
waist drums, and make primary and secondary school students immersive. On the basis
of fully understanding the excellent Chinese culture and revolutionary red culture of
the Ansai waist drum, people first like the Ansai waist drum, and at the same time use
the regional sports and cultural resources to give full play to the teaching and educating
people, cultural education, sports fitness and game entertainment of school sports, which
is of great practical significance. In addition, with the rich and colorful AR resources of
Ansai waist drum, more people can contact with Ansai waist drum, which is conducive
to the popularization and socialization of Ansai waist drum, and can promote the spread
of Ansai waist drum culture.

4 The Strategy of AR Technology to Promote the Spread of Ansai
Waist Drum

4.1 AR Technology Improves the Learning Strategy of Ansai Waist Drum

AR technology can complete themulti-dimensional presentation of theAnsaiwaist drum
integrating martial arts, dance, folk songs and percussion, making it easier for fans to
learn the essentials of the original Ansaiwaist drum.Costume beauty, song beauty, health
beauty and cultural beauty are integrated and presented to fans with the help of AR tech-
nology. At the same time, the development of Ansai waist drum AR learning resources
can realize the improvement of Ansai waist drum aesthetic education in daily life and
learning. Modern AR technology can improve the influence of aesthetic education, and
enable fans to correctly master the coherent movements of Ansai waist drum, advance
cultural connotation, and master the essentials of Ansai waist drummovements. Relying
on AR technology can help fans to easily master their own Ansai waist drum learning
status, and learn other companions’ perception of Ansai waist drum, as to stimulate their
learning motivation through the companion effect. The effective combination of AR
technology and the spread of Ansai waist drums achieve the goals of making a profes-
sional skill popularized and life-like, and encouraging more enthusiasts to participate in
the learning of Ansai waist drums in their spare time.

AR technology integrates the small waistband, large waistband, waist wrapping
over the crotch, jumping legs over the block, kneeling and turning around, worshiping
Guanyin (a kind of action in Ansai waist drum performance), pairing drums, harvesting
steps, two-person crossing, etc., making it easier for fans to comprehend the essentials of
the action [8]. After learning the basic technology, one person can carry out classification
and arrangement, including transformation of the formation of the queue, so that one



Research on the Promotion of Excellent Sports Culture 33

person can also complete the training of queue and formation during the learning process,
and can participate in the learning of Ansai waist drum at any time with the help of AR
technology in the team [9]. Basic skills are an essential part for Ansai waist drums. Only
by laying a solid foundation, can we carry out the later combined rehearsal. Then, AR
technology can carry out targeted technical training, adjust the training content according
to the individual differences of the learners, and help adjust the learners’ mentality. Then,
learners will realize that learning the Ansai waist drum is a better method to inherit the
national intangible cultural heritage and promote the excellent sports culture of the
Chinese nation.

4.2 AR Technology Advances the Communication Strategy of Ansai Waist Drum
Culture

Ansai waist drum is a treasure of traditional Chinese culture, and the focus of its inheri-
tance lies in people. Relying on AR technology to learn the Ansai waist drum, not only
can you learn the technical essentials, but also learn the humanistic feelings and cultural
essence integrated in the Ansai waist drum, so that the beauty of the Chinese nation
contained in Ansai waist drum can be presented, and the cultural self-confidence can be
fully reflected. People learn the Ansai waist drum, and they love the Chinese nation and
inherited Chinese culture. The development of Ansai waist drum courses through AR
technology can allow more and more enthusiasts to understand the Ansai waist drum
culture and appreciate the spiritual charm of Ansai waist drums. We will strengthen cul-
tural self-confidence and carry forward the national spirit through modern technology;
make independent innovation in inheritance, make the Ansai waist drummore vigorous,
push the Ansai waist drum to more regions, develop and inherit the excellent sports
culture of the Chinese nation, in order to enhance the culture Make new offerings with
confidence.

It is recommended to use AR technology to efficiently carry out the propaganda
work of Ansai waist drum culture, and effectively combine virtual and reality. Ansai
waist drumcarries the unique spiritual connotation of the Shaanxi-Gansu-Ningxia border
region, and the confidence and spirit contained in Ansai waist drum culture help people
to overcome their many difficulties, also the power of this spirit is still growing. With
the help of Ansai waist drum, more people can be inspired. The large-scale promotion
of Ansai waist drums can be implemented efficiently thanks to the strengthening of
cultural assistance and cultural facilities in our country. AR technology will definitely
play a more prominent role in the promotion of traditional culture, which will improve
cultural self-confidence and help local places find special fulcrums, so that more people
can deeply understand the cultural connotation of Ansai waist drum. The Ansai waist
drum has a long history and the profound humanistic charm of the Chinese nation. In the
promotion, the “intangible cultural heritage” education is combined to arouse the fans’
concept of inheritance, and at the same time, let the fans feel the unique cultural spirit
substance of the Ansai waist drum.
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5 Conclusion

The Ansai waist drum has nearly 2,000 years of cultural accumulation and artistic pre-
cipitation, also contains the profound excellent culture of the Chinese nation. Ansai
waist drum has gradually grasped public attention, and more and more fans have par-
ticipated in the inheritance of Ansai waist drum. AR technology can meet the needs of
cultural inheritance and development in the new era, and promote the scientific promo-
tion of Ansai waist drum in the process of organic integration with Ansai waist drum It
is expected that AR technology will spread the Ansai waist drum culture widely, pro-
mote the diversified development of sports and cultural undertakings while enhancing
the people’s physique, improve the people’s awareness of cultural heritage, let the Ansai
waist drum culture continue to be inherited and developed, so that this sonorous and
powerful drum sounded throughout the land of China.
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Abstract. Under the circumstance of continuous variation of COVID-19 virus,
verified the temporariness of the vaccines made by various countries. One cannot
expect permanent protection by accepting only one dose of vaccine. In order to pre-
pare and respond to the pandemic, many countries are applying different strategies
to increase vaccination rates. The WHO appeals to the world to take the vaccine
booster shot for community immunity. Relevant authorities then have to provide
and spread visual health messages on the booster shot to keep the public informed.
This study examine how unofficial organizations can guide and persuade people
to adopt relevant health actions more effectively (such as continuous vaccina-
tion) by introducing emoji with different emotional valences in different message
framing. An online experiment adopted a 2 (emoji: positive versus negative) ×
2 (message framing: gain framing versus loss framing) design to investigate the
effects of contrary emoji on people’s self-efficacy to continuously take the booster
shot. In total of 240 university students were recruited to participate in this study.
Within two types of message framing, the experiment simulated 4 pieces of health
messages on the COVID-19 booster shot released by an unofficial organization,
together with emoji of two emotional valences. The results showed that health
messages with negative emoji result in stronger self-efficacy to user. Moreover,
there is an interaction effect between emoji and message framing on self-efficacy.
This study is intended to provide meaningful insights for health communicators,
visual designers and health practitioners concerned.

Keywords: Emoji ·Message framing · Emotional valence · Self-efficacy ·
Health communication

1 Introduction

The COVID-19 pandemic caused by the novel coronavirus outbreak is affecting the
public’s health and livelihood. The widespread variation cases all over the world result
in successive pandemic situations. It is out of question that the public health communi-
cation is confronting tremendous challenge. In order to confront the pandemic, nations
worldwide actively research and develop vaccines, and use various strategies to increase
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vaccination rate. However, scientific research and clinical trials prove that the pandemic
vaccine effectiveness has its time limit. One cannot count on the protection of one dose
forever. Hence, the WHO appeals for people of all nations to take the booster shot for
herd immunity. During analogous public health crises, it is extremely important that
departments concerned provide and communicate relevant information on the booster
shot to update the public, so that they can determine better decisions for their health’s
sake (Cooper and Roter 2000; Ho et al. 2013; Ye et al. 2021). Being helpful to largely
prevent and decrease morbidity and mortality of diseases, vaccination has always been
an important achievement in public health (CDC 1999). However, achieving a high vac-
cination coverage level is a critical issue and an urgent thing to do. An investigation by
Pew Research Center (2020) shows that even though COVID-19 vaccines are available,
49% of people will not or may not take them. Thus, designing effective vaccination
messages for communication to influence and persuade the preference of the public can
affect positive change in preventing COVID-19.

Making use of visual strategies to ameliorate the quality of health communication
can reduce messages imbalance caused by message spread barriers during public health
crisis (King and Lazard 2020). This also indicates that it is worthy to delve into the
interaction factors and connection between visual elements and health message commu-
nication after they are intertwined together. Emoji, which is a visual language expressing
emotion or supplementing text content in digital messages, has become very popular in
the world and has been used in numerous mobile terminals and digital platforms (Lu
et al. 2016; Smailović et al. 2015). Scholars gradually realize that using emoji of differ-
ent emotional valences can effectively stimulate users’ behaviors (Das et al. 2019), such
as accessing restaurants’ cleanliness (Ray and Merle 2020), recognizing and predict-
ing mental issues (Marengo et al. 2017), and increasing consumption intentions (Das
et al. 2019). Existing investigations, aswell as our previous study, have proved that health
messages with emoji can strengthen people’s wills to adopt prevention action, especially
when themessages are released by unofficial organizations. In other words, besides mes-
sages released by official authorities, messages released by unofficial organizations have
become the main source from which people obtain health advice. Furthermore, besides
the visual stimulation, people will also have different responses and different prefer-
ences to the ways in which messages are expressed when they are making decisions on
health. Years of research have concluded that when emphasizing benefit or risks, health
messages can have important and different influences on people’s wills and preferences
to adopt health behaviors (Tversky and Kahneman 1985; Rothman et al. 1999; Yu et al.
2010). Although concrete advice on how and when to use visual measures to deliver
scientific risks and health messages is needed badly, not many strongly persuasive ones
exist. In addition, some individual differences that may affect message reception and
the characteristics of health behaviors themselves have not been fully explored (Rimal
et al. 2011), for instance, interior difference (including self-efficacy and risk perception),
exterior environments and culture, and contextual features etc. This study therefore aims
to discuss the persuasion that different emoji possess whenmessages are used to promote
COVID-19 vaccine booster shots. This effort is to figure out how people’s self-efficacy
on accepting COVID-19 vaccine booster shot are impacted by different emoji and dif-
ferent message framing so as to examine emoji’s effectiveness. Three research questions
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raised in this study: (1) whether embedding positive and negative emoji in health mes-
sages will generate different persuasion to people’s self-efficacy to take the COVID-19
vaccine booster shot? (2) whether messages in a gain framing and a loss framing will
have different persuasion to people’s self-efficacy to take the booster shot? (3) whether
emoji’s emotional valences will intertwinewithmessage framing and impact on people’s
self-efficacy to take the booster shot? This study hopes to provide helpful insights for
health communicators, visual designers and relevant health practitioners.

In Fig. 1, the conceptual and theoretical model were explained which guide the
research motivation of this study.

Fig. 1. Conceptual overview and framework of the study

2 Theoretical Background and Literature Review

2.1 Emoji and Emotional Valence

Along with the exponential growth of communication through social networking sites
and software, in the field of digital message, the role of emoji had translated from the
initial expression of basic emotions to the present, and the usage of them kept in a
more common manner compared to nonverbal cues as well as gestures in face-to-face
interaction (Gawne and McCulloch 2019; Lo 2008). Users relied more on digital com-
munication during the epidemic, emoji had extraordinarily replaced the usage of facial
expressions in non-face-to-face communication. In addition, most researches relevant to
emoji came up with emotional valence of emoji, and their emotional mechanism might
be exceedingly equivalent to the traditional facial emotional ex-pression (Kaye et al.
2017), and supported that emoji proved a concept of emotional signals (Gesselman et al.
2019). Moreover, emoji with different emotions had a large opportunity to have various
effects on users’ attitude and behavior (Kaye et al. 2021). Generally, when receiving
messages, the emotional response of users in an automatic manner tend to occur, which
could be made use of as a directional mechanism to guide message processing (Slovic
et al. 2005; Zajonc 1980). Kralj Novak et al. (2015) created an Emoji Sentiment Ranking
containing 751 emoji and and provided algorithms and models for emoji-based emo-
tion analysis (demonstrated in http://kt.ijs.si/data/Emoji_sentiment_ranking/ for details).

http://kt.ijs.si/data/Emoji_sentiment_ranking/
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Accordingly, the purpose of these studies was conducted so that the emotional valence
of emoji could be used more accurately in messages.

Kaye et al. (2021) drew a conclusion that compared with words with neutral, words
with emotional have more processing advantages, and individuals can expect emoji to
possess the same processing advantages, and the processing speed of message recipients
towards facial emoji proves strikingly faster than that of written characters. Conse-
quently, the interaction between emoji and the accompanying text, as well as the pattern
of reading had a theoretical impact on the common’s psychological feelings and subse-
quent behaviors. Moreover, when reading the message, readers never failed to interpret
emoji and integrate it into the sentence connotation. Emoji, as an exceedingly effective
tool to evaluating emotions, could be selected as part of users’ specific and informed
decisions (Jaeger et al. 2018). In light of the research of Spinelli et al. (2015), the
main characteristics of the emotional field keeped valence (positive/negative) as well as
arousal (active/passive). Thus, the role of emoji in health messages could be discussed
from its positive as well as negative. Lo (2008) demonstrated an instant messaging soft-
ware emotional text conversations towards a user, and these conversations showed either
presented in plain text or followed by some positive or negative emotions. The receivers
evaluated the emotion, attitude and attention of these dialogues, and they found that the
addition of emoticons affected people’s perception, strengthened the emotional inten-
tion of all messages, and made them tend to the value of emoticons. Pinto et al. (2020)
concluded that generally, emoji expressing positive emotions (e.g., and ) could
promote consumers’ confidence in consumption and purchase intention, while negative
emoji (e.g., ) could bring a passive correlation. Ray and Merle (2020) clung to the
perspective that the smiling emoji ( ) could make the public feel that the restaurant
remained hygienic and willing to grab a bite, however, emoji expressing disgusting (

) could boost people’s motivation to stay away from the restaurant. Our previous
studies detected that those emoji relevant to negative or disease (e.g., and ) could
enhance people’s intention to adopt preventive behavior. In particular, it is used in health
messages issued by unofficial institutions, which had strengthened the perceived risk
and fear. Furthermore, these researches all drew a conclusion that emoji could have an
impact on the folk’s behaviors and attitude. However, in the field of health communi-
cation, the role of emoji could under no circumstance proved to be analyzed in a full
manner. In addition, compared with other health-related prevention behaviors, the dif-
ference in the vaccination mainly was to have some possibilities to bring side effects as
well as risks, resulting in some persons unwilling to go on vaccination (Ye et al. 2021).
Therefore, the research will make a further experiment in order to test whether the health
information introduced into emoji could work in public’s self-efficacy, which will make
an investigation from two emotions: positive and negative.

2.2 Health Message and Message Framing

Under the current backgroundof epidemic and infodemic, the issues faced byhealth com-
munication proves no longer the deficiency of information transmission or the amount
of information collected, but it is in a correct as well as effective manner that whether the
heath information can be sorted, designed and presented to the common. The research
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demonstrates that health messages had clues relevant to action suggestions, including
health knowledge, risk expression, preventive behavior suggestions and so on (Chang
2015; Kaye et al. 2017). By using different types of message framing, health communi-
cation organizations can effectively guide and persuade people to take health behaviors
(such as vaccination). Those health messages providing the framework arguments about
gain or loss had various impact on behavioral decisions (Rothman et al. 1999). Mes-
sages in the gain framing, generally, could trigger preventive health behavior in a more
effective manner, which proved to keep health and minimize the risk of health issues.
Additionally,messages in the loss framing, in amore effectivemanner, could promote the
detection behavior, involving the risk of discovering health issues (Tversky and Kahne-
man 1981). People deal with health message not completely rationally. It illustrated that
only making research on the source of information or the confidence from the common
could under no circumstances in an accurate manner measure the persuasion of health
message, and the decision-making preference towards information by private individu-
als could be affected by the expression as well as presentation of information content
(Ye et al. 2021). In light of the Framing Effect Theory, the presentation of health infor-
mation could have an impact on individual decision-making preference, resulting in the
increasing or decreasing of behavior (Plous 1993). Therefore, mastering the interactive
process between message and receiver and designing effective messages to affect peo-
ple’s decision-making process can produce positive effects when communicating during
the public health crisis. Some researches had poured a good supply of energy into mak-
ing research on whether one framework could be more effective than another. The initial
research on vaccination advocacy revealed the framework of gain could bemore effective
(Rothman et al. 1993). Other researchers had been convinced that the messages in the
loss framing might be more effective due to vaccination might be assumed risky or side
effects (such as, Abhyankar et al. 2008). Recently, some studies have suggested factors
that moderate the effectiveness of the message framing. A meta-analysis (O’Keefe and
Nan 2012) claimed that there existed no significant difference in vaccine persuasion
between the two frameworks, but they stressed the need to further determine whether
there remained regulatory factors interacting with them. Moreover, if the influence of
specific moderator variables cannot be determined, the size of framing effect might be
masked (Covey 2014). Although researchers above have carried out various discussions
on the message framing and come up with the need for the introduction of moderator
factors, there has remained exceedingly scarce studies about the message framing cross
over the visual factors.

In order to shape private individuals’ decision-making that frameworks and visual
aids or images might work together (Garcia-Retamero and Cokely 2011; Seo et al.
2013). A review of past studies proved a conclusion that in the health messages, the
usage of various visual effects, including graphics/illustrations (Houts et al. 2006), data
visualization (Ancker et al. 2006) and photographs (Gibson 2003), could have some
impact on the result of message receivers’ interest towards those topics relevant to
health. The role of these various visual effects was found visual action cues in health
messages. In addition, based on the Health Belief Model Theory, the existence of action
cues was stressed as an extraordinarily indispensable behavior trigger (Rosenstock 1974;
Rosenstock et al. 1988). However, during the novel coronavirus pneumonia mutation,
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we need to explore what kind of health message can provide the most effective clues,
whether in visual or textual language. Although those previous studies have revealed the
effects of health messages towards the common’ behaviors, this paper hopes to make
an exploration on whether emoji and message framing can form more effective action
clues and encourage more confidence in continued vaccination, which proves conducive
to fill the gap in this aspect of visual health communication.

2.3 Self-efficacy and Behavioral Intention

In addition to action cues, Health Belief Model (HBM), Theory of Planned Behavior
(TPB) and Protection Motivation Theory (PMT), etc., considered self-efficacy as an
indispensable factor to guide behaviors (Glanz et al. 2008; Ajzen 1991; Floyd et al.
2000). The self-efficacy, as an approach to ameliorating private individuals’ healthy
living ability (Koelen and Lindström 2005; Mackintosh 1995), might have an impact
on the common’s cognition, decision and choice towards activities, and even further
influenced their efforts towards healthy behaviors (Bandura 1977, 1996; Gözüm and
Aksayan 1999; Sheeran et al. 2016). There remain some current researches pointing that
via boosting their sense of self-efficacy, the common’s ability to address health problems
can be enhanced. For instance, the meta-analysis of health messages by Witte and Allen
(2000) demonstrated that the message content resulted in the message receiver’s self-
efficacy, which could prove conducive to the behavior intention. Compared with in
plain text, prevention messages in vivid schema could create a more significant sense
of self-efficacy (Chang 2013), and in terms of boosting self-efficacy, those smoking
cessation messages that could cause human beings’ emotion and wake-up response
proved more effective as well (Helme et al. 2007). As a result, in the health messages
with behavior suggestions or preventive knowledge, the common may tend to obtain a
sense of self-efficacy.

Multitudes of news media claimed that the COVID-19 vaccine side effects, which
resulting in vaccination considered as a risky behavior. Those suspected cases relevant
to vaccination or deaths caused by negative reports all can bring a social distrust towards
the vaccine to the common. In the empirical researches relevant to the health issues,
considerable attention was poured into the impact of self-efficacy towards behavioral
intention, and it was between self-efficacy as well as behavioral intention that it was
drawn a conclusion that there remained a positive relationship. For instance, the message
of preventing heart disease could enhance individuals’ self-efficacy and then trigger them
to take preventive actions (Maibach et al. 1991), and the message of promoting influenza
vaccine could ameliorate self-efficacy to promote vaccination as well (Prati et al. 2012).
Other studies having demonstrated that once the behavior affected by self-efficacy has
health risks, self-efficacy had a negative impact on behavior intention (O’Connor and
White 2010). The researchmakes an exploration on the comon’s self-efficacy of COVID-
19 “booster shot” vaccine.
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3 Materials and Methods

This study adopted a 2 × 2 between-subject experiment design with emoji (positive
versus negative) being the independent variable, message framing (gain framing versus
loss framing) being the moderate variable and the self-efficacy to accept the booster shot
being the dependent variable. We mainly discussed the role played by the emotional
valence of emoji in the abovementioned self-efficacy and the moderation effect of the
message framing. Moreover, we also examined an interaction effect.

3.1 Study Design and Participants

An online experiment was implemented in this study, following a 2 (emoji: positive ver-
sus negative) × 2 (message framing: gain framing versus loss framing) design. Young
participants who had accepted at least one dose of COVID-19 vaccine were recruited by
the online group of WJX https://www.wjx.cn/) (similar to Amazon’s Mechanical Turk
and Prolific) through purposive sampling. Participants were invited to visit a website and
sign an informed consent. Our previous study shows that health messages with emoji
strengthen people’s will to adopt preventive action, especially when they are released
by unofficial organizations. Thus, this study continues to explore how unofficial organi-
zations introduce emoji of different emotional valences in different message framing to
more effectively guide and persuade people to accept the vaccine booster shot. On the
experiment website, we introduced a fictitious unofficial organization named Vaccine
Health Manager, which devotes itself to health and medical messages communication,
especially the recent information about COVID-19 vaccine. Once the participants agreed
to take part in the experiment, they would be randomly assigned into one of four scenar-
ios. Firstly, they were asked to report the COVID-19 vaccine they had known. Secondly,
they were shown a health message about promoting to take a COVID-19 vaccine booster
shot, which was manipulated in a gain framing or a loss framing. In addition, the emo-
tional valence of emoji used in the message were alsomanipulated (positive or negative).
After reading the message, the self-efficacy of taking the booster shot were tested by
the 7-level Likert scale. Finally, Participants’ demographic information were collected,
including age, gender and education background.

220 youth from Hong Kong, Macao and Taiwan consisted of the final experimental
samples, including 85 males and 135 females. They, who were between 18 and 45 years
old (M = 27.42, SD = 6.32), were all traditional Chinese users with an education
background of high school or above. All of them had practical experiences reading posts
on Facebook in the past.

3.2 Stimuli and Measurement

In order to better simulate the scenario of communicating messages on accepting the
vaccine, the experimental stimulant was designed as a facebook post. The post was
written in traditional Chinese with introduction to COVID-19 vaccine booster shots and
advice on vaccine acceptation. Different emotional emoji were used in the message
in different message framing. According to the emotional value of Emoji Sentiment
Ranking created by Kralj Novak et al. (2015), were chosen as representatives

https://www.wjx.cn/
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of positive emoji, and as negative emoji, placed in the middle and the end of
the post. Furthermore, in accordance to the studies of Rothman and Salovey (1997), and
Tversky andKahneman (1981), messages in a gaining framing emphasize the benefit and
positive effect of the booster shot,while those in a loss framing highlight the disadvantage
of not taking the booster shot. Messages in four different scenarios were shown—using
positive emoji in gaining framing, using negative emoji in loss framing, using negative
emoji in gaining framing and using positive emoji in loss framing.

Participants were randomly assigned to one of the four scenarios. Before testing
relevant variables, a manipulation test was performed to examine the efficiency and
reliability of themessage stimulant. There were two dimensions of themanipulation test.
First, we tested whether participants recognized the emotional valence of emoji. Second,
we tested, between positive and negative expressions, as which expression participants
regarded themessage. For instance, we listed questions such as: do you think themessage
uses positive emoji? Do you think the message emphasizes the benefit of accepting the
vaccine booster shot? In addition, the self-efficacy measurement was adapted from the
study of Stout et al. (2020), containing options such as “I’m confident with the COVID-
19 vaccine booster shot, even though it is expensive”. Within 4 items, the higher score,
the stronger self-efficacy of vaccination. In the end, participants reported demographical
variables (Table 1).

Table 1. The reliability of the measurement.

Construct Items Cronbach’s alpha

Self-efficacy (Stout et al. 2020) I’m confident with the COVID-19
vaccine Boost shot, even though:
• It is expensive;
• It may generate some pain;
• It may cause allergies or side effects;
• It needs me to make tedious
appointment and to queue up

0.817

4 Results

To test the research questions, three analyses were conducted. Firstly, we analyzed the
manipulation check to observewhether participants perceived themanipulated variables.
The main effects of emoji and the moderation effects of message framing were second
examined, after which the interaction effect between emoji and message framing was
inspected. All analyses were performed using analyses of variance (ANOVAs).
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4.1 Manipulation Checks

Manipulation checks were conducted on emotional valence of emoji (positive versus
negative) and message framing (gain framing versus loss framing) using a series of
Independent Sample t-tests. The results showed that the message with positive emoji
was perceived to focus more on expressing positive valence related to miniature (M =
4.78, SD = 1.752) by participants than the message with negative emoji (M = 2.32, SD
= 1.755, p = 0.00). Moreover, participants in the gain-framed message condition (M
= 4.58, SD = 1.582) were more likely to perceive the message as describing a positive
content related to vaccination than were those in the loss-framed message condition (M
= 5.41, SD = 1.388, p = 0.00). Therefore, both manipulations were successful.

4.2 Main Effects and Interaction Effects

We studied the influence on self-efficacy to accept the booster shot of message receivers,
by the emotional valence of emoji (Table 2). The results indicated that emoji in vaccine
promotion messages has a statistically main effect on self-efficacy (F (1, 216) = 8.428,
p = 0.004). Specifically, in terms of the emotional valence of emoji, compared with
messages with positive emoji (M = 4.166, SD = 0.131), messages with negative emoji
(M= 4.707, SD= 0.132) aremore likely to increase self-efficacy of participants to accept
the booster shot. This result answered theRQ1.Negative emoji can increase people’s self-
efficacy to accept vaccination. On the other hand, the message framing has no significant
main effect on self-efficacy (F (1, 216) = 0.054, p = 0.816). In other words, be it gain-
framed vaccine messages or loss-framed ones, they cause no difference on people’s self-
efficacy, which answered RQ2. The interaction effect between the emotional valence
of emoji and message framing was examined and a significant interaction effect (F (1,
216) = 5.166, p = 0.024) on self-efficacy was observed (see Fig. 2). Receiving gain-
framed messages, people sensed stronger self-efficacy when they saw negative emoji
(M = 4.940, SD = 0.173) than positive emoji (M = 3.975, SD = 0.192). However,
positive and negative emoji exert no significantly different influence (Mpositive= 4.356,
Mnegative = 4.473) in loss-framed messages. That is to say, the emotional valence of
emoji in vaccine health messages is moderated by message framing and the emoji effect
only exists in gain-framed messages, which answered RQ3 positively.

Table 2. Means and standard deviation related to research questions 1–3.

Source DF MS F p η2

Self-efficacy Emoji 1 15.897 8.428 0.004* 0.038

Message framing 1 0.102 0.054 0.816 0.000

Emoji ×Message framing 1 9.745 5.166 0.024* 0.023

*p(significance) < 0.05, meaning significant difference observed
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Fig. 2. Interaction effects of emoji and message framing on self-efficacy.

To sum up, it is valid to use emoji in vaccine promotion messages to affect the
self-efficacy and the vaccination intention of message receivers, especially negative
emoji.

5 Discussion and Conclusion

This study is one of the few research projects that investigate the effect of the emo-
tional valence of emoji and message framing on promoting COVID-19 booster shots in
vaccine messages. To be specific, using negative emoji in vaccine promotion messages
can generate higher self-efficacy of message receivers than positive emoji. Also, using
negative emoji in gain-framed messages can better increase people’s self-efficacy than
in loss-framed messages.

The core argument of this study is that negative emoji used in health messages can
better promote people’s self-efficacy than positive emoji, which carries on our previous
study results and echoes the perspectives of Lo (2008) and Jaeger et al. (2018). We
believe that it is consistent with the possibility of emoji affecting people’s behavior.
Emoji can guide the perception and behavior intention of receivers onto its valence.
Because negative emoji can evoke the risk perception and fear index of the public and
drive them to adopt low risk action (Ray and Merle 2020). Learning from the Prospect
Theory, although the public regard vaccination as an action that contains certain risks,
they prefer to adopt actions that contain less risks (Ye et al. 2021; Weimer and Vining
2017). The results of this study provide a new insight for using emoji to promote health
communication. We can use emoji to stimulate people’s self-efficacy and guide them to
adopt health behavior.
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Another result is also revealed by this study. There is no significant difference
between gain framing and loss framing in promoting vaccination self-efficacy, which is
consistent with the research results of O’Keefe and Nan (2012). However, we discover
that the message framing can moderate emoji’s effect on self-efficacy. Using nega-
tive emoji in health messages can help to establish the public’s self-efficacy, which is
extremely significant in the gain framing. But when a health message is written in a
loss framing, the emotional valence of emoji has no significant effect on self-efficacy.
This moderation effect verifies the viewpoints of Garcia-Retamero and Cokely (2011),
as well as those of Seo et al. (2013): framing and visual images work together to shape
people’s sense of efficacy in the context of health behaviors. Hence, to better shape
the self-efficacy, with the effect of negative emoji, health messages expressed in a gain
framing contain the most persuasiveness.

This article introduces different emotional valences of emoji in health messages
expressed in different framing to discuss the influence on self-efficacy of the public. It
not only adds academic theories to the role of emoji in health communication but also
provides practical reference of health message design and communication to concerned
practitioners such as health communicators and visual designers. The message framing
discovered by this study may not be the only moderated mediation factor. Future studies
maydig inmoderation andmediation variables that contain higher correlations.Although
there ismorework to be done in visual health communication, this studyprovides phrased
advice to emoji use in health communication and plays a certain role in vaccination
campaign in the pandemic background.
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Abstract. Various applications related to mental health continue to appear and
constantly innovative psychological applications or the use of traditional relaxation
methods combined with technology have become new choices in people’s busy
lives. In recent years, the rate of adolescents suffering from mental illnesses such
as depression and suicide has been increasing. Adolescents in this age group do not
have good stress management skills. This research paper is to design and develop a
suitable decompression application with a combination of the diary as expressive
writing and music. The objective of the paper was to study and explore the impact
of expressivewriting andmusic on stress. Then determine suitablemusic and color
for the application with the use of the quantitative method. Design and develop
the application which meets the objective and aim and evaluate the application
based on users’ experiences.

Keywords: Expressive writing ·Music · Stress ·Mobile health application ·
Diary · Android app

1 Introduction

The simplicity and ease of use of mobile devices have caused people to pursue and pay
attention after they were invented. According to NEWZOO’s “Global Mobile Industry
Report 2020”, by 2020, the number of mobile phone users will reach 3.5 billion [1].
And it is expected that with the advent of the 5G era, mobile phone users will reach
4.1 billion in 2023. Especially in recent years, the number of people with mental health
problems has increased, causing people to attach great importance to mental health. For
example, depression can increase the risk of coronary heart disease in healthy adults [2,
3] and the mortality of patients with coronary heart disease [3, 4]. Especially since the
outbreak of the Covid-19 epidemic, not only people’s health has been threatened, but
psychological problems have also appeared. Many scholars continue to pay attention to
the psychological impact of Covid-19 on humans. It can be said that Covid-19 has had
a major impact on our lives. These influences will undoubtedly bring huge challenges
and pressures to people. The endless lockdown and isolation also make people prone
to panic and anxiety. Therefore, in order to reduce or even solve people’s mental health
problems as much as possible, use application as a new strategy, combining traditional
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stress reduction methods with application, hoping to effectively reduce people’s stress
and anxiety. So in this paper will include section for literature review, methodology,
result and discussion and the conclusion.

2 Literature Review

2.1 Stress

Stress is a perception of emotional or physical tension and in most definitions of stress is
often used in conjunction with negative life experiences or life events. Most people are
being stressed and there is a number of incidents that leads to negative emotion in one’s
life. It can be positive at times, or contras. If people are in a state of adapting to stress,
they will show behavioral defense and change one’s cognitive process and emotional
landscape. However, prolonged stress will lead to the emergence of diseases and mental
health disorders [5, 6].

Even though stress is an inescapable part of life for a wide range of populations
with no regard to their age, gender, educational status, or economic status. Despite
this fact, stress is a prevailing mental health problem among teenagers. As teenagers,
they often need to adapt to different environments and these difficulties will affect their
psychosocial well-being and learning outcomes. Especially nowadays in a competitive,
other than the expectation of themself, teachers and parents also burden the students
with a lot of pressure of getting good grades. Other than that, most students still need
to participate in extracurricular activities, because the current expectation for them is to
be all-rounders. All the demanding attitudes from parents and teachers leave the student
creating more stress [6, 7].

But it is worth noting that not every student is able to handle this pressure and if
they face negative life events in this context can confer a risk of depression or suicidal
thinking. All of this statement actually can be supported by the data given by ACHA
(American College Health Association) in 2019. This study found that 8.6% of students
reported seriously considering suicide at least once in the past 12months period and 1.4%
of students attempt suicide. Among the common cause of death in teenagers, suicide is
currently the seconds [8].

Especially since the spread of COVID-19 to the entire world at a terrifying speed
in 2019, has caused catastrophic problems everywhere. Most countries have adopted
strong blockades in order to curb the spread of diseases. After the large-scale outbreak
of the virus in Malaysia, corresponding measures were also taken, that is, a national
“movement control order” was announced to prevent the further spread of the virus.
Although the blockade has greatly slowed the spread of the virus and is a necessary
measure to protect health, long-term social isolation and different lifestyles have caused
most people to fall into anxiety, irritability, and fear of the virus. In particular, the reasons
for the economic downturn caused by the lockdown have caused people to experience
physical and psychological shocks, and the suicide rate remains high [9].

Many scholars alsourgepeople not to ignoremental health.Manyarticles at homeand
abroad have also studied people’s mental health and the need for immediate intervention.
Especially for students, in addition to the pressure mentioned above, the emergence of
the virus is also completely changed their way of life and learning. In the modern era
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with advanced information, we can have various channels to contact information, but the
ubiquitous negative news will undoubtedly gradually erode the psychology of students.
In the [9] study, it was found that nearly 29.8% of students experienced different levels
of anxiety and the results were similar to the results in [21–23]. At the same time in [24,
25] was also found that the average probability of anxiety of female students is higher
than that of male students. This may happen to be aggravated or aggravated by the virus
because women can express emotions better than men [9].

2.2 Mobile Application

In recent years, due to the ubiquity and popularity of users, mobile applications are
growing at an exponential rate. In [10] pointed out in this article that the number of
mobile applications has reached 2million, and the number of downloads has exceeded an
astonishing 140 billion times. All this proves that mobile applications have been greatly
developed. One of the reasons for this rapid growth is that users spend approximately
90% of their time on mobile applications compared to mobile networks [11]. In another
article, the author also believes that over time, it can be inferred that most websites
will be replaced by apps. In fact, it can be seen from our lives that people are more
inclined to download related applications to use or solve problems thanmobile networks.
And the categories of mobile applications are different, there are thousands of different
applications, such as games, health status. News or tools. Users can always find suitable
programs and download applications through the corresponding operating system. No
one can deny the benefits that applications bring to people.

At the same time in [14], the author defines the term “mobile application”, “mobile
application” as a kind ofmobile application or just the abbreviation of application, which
can be used on smartphones, tablets, and other mobile devices Running design. The
application software on the device”. And because the application has been downloaded
and installed on the phone, some applications can even be used offline. The author also
recommends if the goal is to interact with users or providemore features than the website
Similar to a running computer program, the application is meaningful or desirable [14].

Most developers will encounter different problems when developing mobile applica-
tions. One of them is which platform to choose as the first platform because the hardware
and software of different platforms are different and cross platform development tools
are too complex to deal with. And different platform development will have their own
limitations. In today’s application market, IOS and Android can be called department
stores in applications. App Store and Google Play occupy almost all market shares every
year. Although there are many operating systems, in fact, most applications provide the
same functionality [30].

Android operating system has become the most used OS in the world due to its
large user base and can be executed on most smartphones. It is pointed out in [12]
that ANDROID, like all operating systems, enables applications to use hardware func-
tions through abstraction and provides a defined environment for applications. In most
research, Android is the first choice for most people because it is a free and open-source
mobile platform and can be used in any form of smartphone developed by any manufac-
turer. In addition, because it is implemented using developed source code, the Android
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framework allows hardware manufacturers to build custom user-friendly interfaces to
meet individual needs [12].

In addition to choosing an operating system, the usability of mobile applications is a
point that developers often overlook, but this determines the success of the application.

Five attributes of usability are determined in his article:

• Efficiency: Resource consumption related to accuracy and completeness which users
achieved their goals.

• Satisfaction: Get rid of discomfort and have a positive attitude towards using the tool
product.

• Learnability: The system should be easy to learn so that users can quickly start use
the system to complete the work.

• Easy to remember: The system should be easy to remember so that casual users can
return to the system without using it for a period without learning everything started
again.

• Error: The system should have a low error rate, so that users make few errors during
the use of the system, if they do make a mistake, they can easily recover from them.

2.3 Writing Therapy

Diary writing may sound very old fashioned, but the habit of it can help individuals
keep track of their daily lives. In the past, people only used diaries as a medium or tool
for expression and recording, without realizing that expressive writing helped improve
personal health and mental state. This statement was first put forward by James W.
Pennebaker in the 1980s. He pointed out that using writing to express the thoughts
and feelings of uneasy or traumatic time can effectively help people. In the past few
decades, there have also been empirical confirmations of negative expressions through
writing. Emotional benefits. As for the term expressive writing, I will quote the definition
mentioned in [13].

“Expressivewriting is a formof therapy inwhich the individualwrites down thoughts
and feelings related to personal stress or traumatic life experiences. Expressive writing
is sometimes referred to as written disclosure because the author is required to disclose
personal information, thoughts, and feelings. Unlike communicative writing, expressive
writing is personal, free-flowing, and informal, usually without regard to style, spelling,
punctuation, or grammar.”

It means that diary was first considered a very intimate personal activity but under
the rapid development of the Internet, the diary entered the fuzzy area of public and
private [14]. This is because with the support of technology, for example, the emergence
of blogs allows people to express their thoughts or feelings or some anonymous forums
on a regular basis, and these are based on traditional pen-and-paper diaries. The author
also expresses that no matter what kind of diary, it is regarded as a means of thinking
[13]. also put forward the same opinion, but believed that although blogs provide all the
same opportunities as diaries, their privacy and confidentiality will make most people
uneasy [15].

In [15], the author stated that written emotional disclosure (WE1D) is effective in
producing beneficial results both physically and psychologically. For example, WED
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reduces the number of doctor visits for people with breast cancer and effectively reduces
depression and anxiety. In addition, the results of [16] showed that the stress level
of students has decreased after receiving the treatment of expressive writing. At the
conclusion of the article, the author also urges students to try to express their feelings,
whether they are good or bad, can help improve their physical and mental health. At the
same time, the results of [17] also pointed out that writing therapy has a certain effect on
reducing students’ stress and depression. This is because writing therapy helps students
understand and accept the current situation and is self-motivated because writing will
stimulate the brain to help people organize their thoughts and feelings.

In addition to the benefits of physical and mental health, diary is actually regarded
as a tool to enhance personal learning and self-development. Research [18] pointed out
that diary helps students to reflect on themselves and cultivate students’ critical thinking
skills. In addition, self-reflection when writing a diary can effectively improve students’
ability to analyze and solve problems. The author also pointed out that feelings and
emotional responses are particularly important for students and can have a significant
impact on students’ learning and interpersonal relationships. Therefore, it is necessary
to express students’ stress and emotions through diaries. In [19], the author also gave a
very interesting statement, that is, because writing is a recursive behavior, we will read
what is being written. And knowing may in turn affect us when we are writing, and
thus affect what we write next. So from this perspective, the simple act of writing is
therapeutic in itself.

2.4 Music Therapy

Compared with other languages, music can be regarded as a universal language. Some-
times you can feel the emotion and power it expresses without understanding the lyrics.
Especially in recent years, the use of music as a treatment method has become more
and more popular. The research [26] proves that music affects many areas of the brain
including emotions, cognition, feelings, etc. At the same time, music can stimulate the
reward centre in the brain, arouse positive emotions and relieve many symptoms related
to mental health problems. In general, music is a powerful stimulus that can regulate
emotions and has a long history of using music as a treatment method. Most articles
indicate that music has a relaxing effect and can reduce anxiety [27].

In a recent meta-analysis, [39] had reviewed 72 randomized controlled trials and
concluded that music is a significant help in reducing postoperative anxiety and pain
symptoms. Music can be considered as an emerging treatment option for mood disor-
ders that have not yet reached their full potential. Many researchers have reported the
beneficial effects of music, such as enhancing awareness and sensitivity to positive emo-
tions, or improving mental symptoms. It is also stated that music seems to have a major
impact on the lives of teenagers, so the use of music lyrics and expressive writing can
promote disclosure in the writing process [20]. It is also suggested that the combination
of music and expressive writing may help reduce the stress of bullied teenagers.

In addition, there is ample evidence that people use music every day to improve their
mood in daily life and music therapy [29]. The article also pointed out that music is not a
panacea that can immediately solve negative emotions, nor is it always helpful, so more
experiments and research are needed for a second discussion.
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3 Methodology

The main purpose of this section is to introduce the research methodology for this
quantitative-based theory study regarding design and develop a suitable android based
diary application that also combines music function which aims to help teenager relieve
their stress. This approach allowed for an understanding of the user’s need for a good
diary application and their stress level and stress management skill level. Besides that,
this also can understand their opinion on the relationship between stress and writing
therapy. The applicability of the model framework and other approaches for this study
are discussed in-depth in this section.

3.1 Research Methodology

Survey questionnaires is used as the quantitative data collection method in this study.
The preliminary survey is conducted to gather early data requirements regarding the
project. An easy-to-understand Google form was used to collect basic information,
stress level, and user requirement. Google forms were sent to 30 students of different
schools/universities and were asked to fill the forms. At the start of the survey question
also inform all the participants were provided with information concerning the research
purpose, confidentiality of information, and the right to revoke participation without
prior justification.

The survey questionnaires have used different types of questions such as multiple-
choice checkboxes, the linear scale options, and the single-choice button. There has
an option “Other” in certain questions to allowed participant to write down their own
idea. This questionnaire mainly gathers information to know the user requirement or
expectation of mobile diary application so can help in UI design and the application
functionality.

A quantitative survey was used in this project because it is more scientific, fast, and
acceptable for this project. The quantitative approach can gather and analyzed a large
amount of data without bias. Other than that, a quantitative approach can get data that
is more precise and data collection using the quantitative method is relatively quick and
easy especially during the pandemic covid-19.

3.2 System Development Methodology

The model framework/method of the project chooses iterative and incremental develop-
ment because it is a discipline based on the production of the deliverables development
systems. The basic idea of this method is to develop the system by repeating the loop
(iteration) and a smaller part (increment) at a time. In this approach, different parts of the
system are developed at different times and integrated according to their phases, while
in iterative development, the various parts of the system will be re-examined to modify
and improve them.

This method is ideal because the operating system involved in the mobile application
can be constructed flexibly and can be completed with minimal hardware and tools. In
addition, the time limit is not a problem, because the given time is enough for the room to
iterate through the stages as necessary. So, research can focus on continuously improving
the system to ensure that the project goals are met.



TimeAlone - The Stress Relieving Android App 55

3.3 Preliminary Result

According to the overall results and findings of the preliminary survey,most interviewees
have optimistic and positive ideas about diaries and are willing to try as long as the appli-
cation meets and satisfies their preferences. At the same time, most of the interviewees
never wrote a diary because they didn’t know how to start, what to record and there was
no time. Therefore, it is recommended that respondents who try to write a diary do not
necessarily have to record daily and use more methods they like. In addition, according
to the survey of respondents, we can know and understand their desired functions and
interface design.

4 Results and Discussion

After all the testing has been done, it will be deployed to some end-user to test the system
and get feedback. User Acceptance Testing (UAT) is testing the system or application by
the user to determine whether it can be accepted or not and this is the final testing after
the unit, integration, and system testing. The test was given to 15 tester to test for the final
prototype of the application after the development. This section will show the summary
result on the UAT test. Following table is the demographic of the tester (Table 1):

Table 1. Demographic

Gender Number

Male 3

Female 12

Age group

18–21 years 15

Education level

Bachelor’s degree 15

The UAT test done by 15 tester with the questionnaire prepared and as the table
shown,most of the tester are female and all of them from 18–21 years and study in
bachelor degree (Figs. 1 and 2).

From the analysis of the result of UAT, the overall satisfaction given by user was
good. Most of them are feeling the application work well but at the same time they also
give some suggestion and comment for the future improvement. First they feel well on
the interface of application juts hope there more choice of font, music and theme.For
the function part they will hope can taking photo and upload directly also allow upload
multiple submission. Other than that, automatically save function also needed for them
to avoid the data loss. They feel satisfied of the display and the introduction page make
them know more clearer about the application. The last was the security protection part
which they hope can have email authentication for register and reset password. With this
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ways, their data will be protected more securely. On the other hand, they comment that
the idea was good and combine with the music they feel relaxing, and expect changes
or improvement on it. With the user acceptance system to collect users’ opinions and
suggestions on this application, many improvements can be completed in the future.
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At the same time, Fig. 3 shows that the result of asking the tester is that the app helps
relieve stress. Most people agree and comment that the app is good. They can use it to
record their emotions or life, which also helps them. Introspect. But there is also one
tester who disagrees with it because he feels that this is hard to insist on for him and
he expects other ways to relieving stress. Music functions are also good, but they want
more choices. The last Fig. 4 shows the user’s willingness to use, most of these users
will use the application in their lives and expect improvement, 4 testers are neutral on
this.

5 Conclusion

In conclusion, this project has been researched and repeatedly tested to ensure that the
goals and objectives set in the proposal stage are achieved. After the project is developed
and tested, the goals set out before are generally met.

The main output and development of this project is the designed system and psycho-
logical mobile application which combined with the way of writing diaries. This mobile
application is developed using JAVA and runs on the Android platform. The project
mainly uses the method of writing a diary, supplemented by music, fonts and interface
design factors so that students can use this method to reduce or relieve stress. This is
also the way to achieve the main goal of the project.

The goals proposed at the beginning of the application planning process have been
achieved one by one in various stages and in various ways. First, I used the survey to
understand the prevalence of diaries among modern students and the students’ under-
standingof diaries.At the same time, the function anddesignof the ideal diary application
of the students are also obtained through the survey. Due to the epidemic, this survey
used online questionnaires which is GOOGLE FORM to distribute to higher education
students in different institutions. This method can more comprehensively collect and
analyze the opinions and ideas of various students.

After collecting the project requirements information, start to find some related
journal articles, or books, papers, and websites as documents to help the project research
and understand the development of related topics. The purpose of the literature review is
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to learn more about the current up-to-date information about the project, so the articles
we found tried to limit it to nearly five years.

After consulting the literature, the collected survey results will be further analyzed
to better understand and identify the functions and interface requirements or preferences
envisaged by the students in the diary application. In addition, through the analysis of
the survey results, we can further understand the students’ views and understanding of
diary writing.

When all the data is analyzed, the development and coding of the application begin.
In the development process, developers must perform some tests, such as unit tests, to
ensure that each object of the developed application can run normally. In addition, run
integration tests to ensure that all units communicate with each other. The next test is
the system test to check whether the entire system is operating normally without any
abnormal problems or crashes. The last test is the user acceptance test, which is the end-
user to determine whether the developed application meets the user’s expectations and
needs. Using this method, developers can directly collect data and feedback from users
to understand the limitations of the project and some suggestions for improvement. The
final conclusion is that the goals established in the planning stage have been achieved
in different stages and the above-detailed introduction of all stages and processes of
developing this application.
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Abstract. The use of technology in supporting business processes has become
an integral part of business in the post-pandemic era. This study focuses on two
aspects of technology which are digitization and digitalization of business pro-
cesses in tourism industry in Malaysia. Due to movement constraints in Covid-
19 pandemic, most of the related studies are conducted based on media report,
peered review articles and research letters or empirical articles. There is a lack of
case study to examine the effectiveness of various factors and how these factors
impact the recovery of the post- pandemic tourism industry. A research case in
earlier study implies that digitization and digitalization have an impact in recov-
ery of tourism industry and insight gained motivates this study on effectiveness of
smart tourism in Malaysia. Hence, this study aims to investigate effectiveness of
smart tourism by using a self-developed mobile application which enables mul-
tiple trips organize in Kuala Lumpur, Malaysia. Test cases are conducted among
eleven managers in travel agencies and positive feedback are collected on sys-
tem quality, perceived mobility, mobile usefulness, mobile ease of use and usage
intention. Findings show that ICT has a major role in reviving business processes
when tourism enters recovery phase. The study also discovered the importance of
understanding the new patterns emerging which may include new tour packages
or travel destinations that are emerging in future. In future work, artificial intelli-
gence or machine learning based smart tourism models are introduced to analyse
the new pattern emerging.

Keywords: Smart tourism · Travel agency · Post-pandemic ·Mobile application

1 Introduction

In post-pandemic era, the use of technology become an integral part of businesses. Infor-
mationCommunication Technology (ICT) bring smartness into organization particularly
in tourism industry and societies. [1] opined that individuals are exposed as information
makers, filtering the existing options for tracking their position by having smart tourisms.
According to the research [2], COVID- 19 has negatively impact on the overall tourism
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industry but it also promoted smart tourism to some extent. A combination of traditional
tourism and “smart” technology is a new way of tourism model and new path for devel-
opment of tourism industry. Various terms have been used to define smart tourism and it
includes IT, mobile communication, cloud computing, artificial intelligence and virtual
reality for developing innovation tools and approaches to improve tourism industry [3].
It also provides benefits of tourism informationization and consists of digital intelligent
and virtual technology based tourism to provide variety of end-user services and devices
to tourists, enterprises and organizations [4].

According to study conducted by [5] on the effect on tourism and hospitality industry
in Malaysia, one of the resurgence strategies suggested/discussed from both the experts
of academic and industry is the focused-on digitization of the tourism industry. [5] opined
that digitization is transforming the integrated spectrum of the whole tourism industry
through leveraging ICT for entering smart tourism and it can impact the recovery of
tourism in post-pandemic. However, the limitation of their research is only based on
media report, peered review articles and research letters/empirical articles. This study is
conducted to overcome the limitations of the said study by doing quantitative studies to
examine the effectiveness of digitization as well as digitalization of tourism industry by
using a self-developed mobile application (app). In this study, effectiveness is measured
by perception towards usage intention by manager of travel agency of the mobile app.
Measurement criteria of effectiveness are system quality, perceived mobility, mobile
usefulness, mobile ease of use and usage intention. The research question of this study
is: what is the acceptance of mobile app in terms of effectiveness in facilitating the work
of manager in travel agency?

2 Literature Review

This section presents various definitions and models of smart tourism, definitions of
digitization and digitalization as well as its applications in tourism industry; and criteria
use for measuring effectiveness in this study.

2.1 Smart Tourism Model

Cloud Tourism is one of the smart tourism models which emerge together with Virtual
Reality (VR) parks. As field travels are restricted during the pandemic, cloud tourism
and VR parks attracts tourists’ interest and satisfy their travelling needs which promotes
tourism market [2]. As offline tourism activities are restricted, tourism products are also
in the risk of low sales. In order to avoid that, a new smart tourism mode of “Tourism+
Livestreaming” has been introduced to promote, endorse, and attract traffic to tourist
destinations. This new method can promote tourism products via online without needed
to have face to face contact. Another way of tourism using appointment is also widely
used to control the crowd at the scenic spots at the designated time. This can not only
control the crowd to reduce the pandemic, it also can be used as a data source for contact
tracing.

Technology based tourism model such as using AI and VR in human-machine inter-
active devices have positive effect on service quality as well as lead to satisfaction and
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loyalty of tourists [6]. Hence, there are more collaborations required not only at public
level, but also private level using Internet of Things (IoT) to accelerate the formation of
smart cities. The relationship between innovation and smart cities has become the main
contributing factor in tourism industry [7].

Technology has been widely used to address the impact caused by COVID 19. There
are a variety of approaches has been planning to apply ICT in tourism industry in
post pandemic era. A comparison study conducted on tourism and ICT solutions in
COVID-19 post-pandemic era between two countries, Japan and Sweden discussed the
difficulties faced by the tourism industry in these countries [8]. It was found that in
Japan, there is a discrimination based on place of residence and in Sweden, there is race-
based discrimination. In the post-pandemic era, the research promote tourism in using
location-based games and contact information applications to prevent people gather
and to provide secure environment for the tourists. Smart tourism using technology has
potential to be widely accepted by some industry especially in smart cities. A study
shows that current adoption of smart tourisms in museums are slow and there is also a
high potential for the use of it [9].

2.2 Digitization, Digitalization and Application in Tourism Industry

According to Information Technology Gartner glossary, “Digitization is the process of
changing from analog to digital form” (URL: https://www.gartner.com/en/information-
technology/glossary/digitization). “Digitalization is the use of digital technologies to
change a business model and provide new revenue and value-producing opportunities;
it is the process of moving to digital business” (URL: https://www.gartner.com/en/inf
ormation-technology/glossary/digitalization). In order to formulate business strategy,
understanding the key terminologies of digitization and digitalization is essential. Some
of the benefits of digitization are rapid access to useful information and historical data
in a business environment. Digitalization brought in efficiency and productivity to a
business as well as better decision making for managers.

There are various applications adopted in tourism industry. One of the mobile appli-
cations introduced is Smart Doaa [10], it displays recommended Doaas which can be
determined by using search function, and GPS in identifying the holy place based on
current location of visitors or determining the holy place by analysing an image taken
by the visitors using a Deep-Learning (DL) based method. It supports both online and
offline processing where the training models are deployed on client devices with the use
of Automated Machine Language (Auto ML).

Amar Bangladesh [11] served as the first tourism-based Android-mobile apps which
embeds Google Maps API and Machine Learning (ML) to find and display the shortest
route to reach the point of interest in Bangladesh. The apps use Android built-in GPS
tracker to track the real-time location of tourist and display the nearest tourist spots to
them. Besides, the Apps implements Dijkstra algorithm to find out the shortest path and
route to the tourists. Linear Regression is used to study the preferences of tourist by
checking the most frequent clicks on attraction spots and hence recommend the most
preferable point of interest to them.

VisitMalopolska mobile application [12] was developed under m_MSIT project.
The main focus of the project is supporting trips in Malopolska region by providing

https://www.gartner.com/en/information-technology/glossary/digitization
https://www.gartner.com/en/information-technology/glossary/digitalization
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and access information which enables independent sightseeing. The application uses
beacons-sensor to communicate with a Bluetooth-enabled devices and requires activated
GPS location tracker. The application also implements AR that enables user to connect
with the virtual world through simulations by pointing their mobile phone camera to
a selected tourist attraction. It also enables behaviour of users such as viewed- places,
events, routes or planned trips to be observed and analyzed.

PekanBaru Guide [13] is an Android-based Apps which use GPS location tracker
to locate point of interest in Pekanbaru city. It provides information such as tourist
attractions, hotels, restaurants and shopping spots in Pekanbaru city. In addition, K-
nearby algorithm (KNN) is also implemented in determining the closest route to reach
the point of interest.

The Smart Tourist System (STS) [14]was developed to facilitate tourists’ activities in
historical places in Kingdom of Saudi Arabia (KSA) while keeping tourist privacy safe.
Besides handling the shortage of having multilingual tourists’ guide, it also helps to cut
expenses needed to prepare KSA to be a tourist attraction. The project employs the usage
of Quick Response (QR) codes technologies to access the video-based or textual-based
information of historical spots in KSA and provides location services where it allows the
Android-based App to connect to the Global Positioning System to locate users’ current
and nearby location. Table 1 shows the summary report of selected applications used in
tourism industry, their common and special features as well as limitations.

Table 1. Summary of selected application in tourism industry

Mobile app Common features Special features Limitations

Smart Doaa [10] GPS tracker to
identify Doaa based
on client location

Using Deep-Learning
(DL)-based method

Complicated method
as too much algorithms
and theories due to
framework and
libraries are new

Amar Bangladesh
[11]

Built-in GPS tracker
in Android phone to
locate the nearest
point of interest

Implement Dijkstra
algorithm to find out
the shortest route and
Linear Regression in
Machine Learning to
recommend place of
interest based on
students frequent click
on certain point of
interest

(continued)
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Table 1. (continued)

Mobile app Common features Special features Limitations

VisitMalopolska
mobile application
[12]

Built-in GPS tracker Using AR enables
users connect to the
virtual world. allowing
users to connect reality
with the virtual world

There may be a
technical support issue
in future when the
application are
downloaded for more
than thousand times

PekanBaru Guide
[13]

Built-in GPS tracker Implements K-nearby
algorithm (KNN) to
determine the closest
route to reach the point
of interest

Not identified

Smart Tourist
System (STS) [14]

Built-in GPS tracker Use QR code to
display the
video-based / textual
based information of
historical places in
KSA

Did not support any
charged Google map
service and only cover
Arar ancient Mosque

2.3 Various Factors in Measuring Effectiveness

There are many factors in measuring effectiveness. In this study, effectiveness is mea-
sured by system quality, perceived mobility, mobile ease of use and mobile usefulness.
The following sections present more relevant literature.

System Quality. According to [15], system quality refers to the extent of consistency
in the system performance in terms of its functionality, reliability, availability and etc.
The system is expected to perform according to the function built and therefore meeting
users’ expectation. In current advances in mobile technology, mobile apps are getting
popular as a tool to source information. As a result, to promote smart tourism, system
quality plays an influential role over how users evaluate a system or an app which lead
to usage intention. In this study context, tour managers may find the smart tour mobile
app is a relevant tool to use if he/she seldom encountered or experienced very minimum
disruption while using the mobile app for getting trip information. Besides, the app is
reliable and always ready for users to download tourism information. Studies such as
[16, 17] have shown the relationship between system quality and usage intention on
mobile technologies and social networks. System Quality of mobile apps can contribute
to smart tourism effectiveness by enhancing tour managers on-site work experience.

Perceived Mobility. [16] posited that perceived mobility is an essential attribute in
mobile communication environment as it allows users to access as well as to com-
municate seamlessly via wireless networks. [17] described perceived mobility as “the
degree to which users are aware of the mobility value of mobile services and systems”
[17]. This is particularly important for tour managers who are very much depending
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on mobile technology to function their daily work effectively especially in the current
pandemic situation. Tourism industry has been very competitive, and mobile technol-
ogy is capable of minimizing direct human contact and achieve efficient communication
even in the pandemic situation. Given the unique mobility feature of smart tour mobile
app, tour managers can now access the app anytime and anywhere to manage multi-
ple trips/activities either through WIFI or mobile network. This helps to achieve two
important goals of the study on smart tourism: virtual connectivity and precision which
translate to smart experience that specifically focus on technology-mediated tourism
experience to travellers. In accordance to the empirical study [16] that perceived mobil-
ity has influence over tourist’ mobile social tourism shopping intention as users see the
value offered by the mobile technology.

Mobile Ease of Use and Mobile Usefulness. Mobile ease of use and mobile useful-
ness are the twomain constructs introduced by [18] in the mobile technology acceptance
model (MTAM) to suit the context of research in mobile technology adoption. Mobile
ease of use refers to “the ease of use in relation to the use of a particular system” [19].
In other words, the lesser effort is required by users to operate the system or application
the more likely the usage of it. In this study, it is believed that tour managers will be
motivated to adopt the smart tour mobile app when attributes such as easy to learn and
easy to use are the contributing factors to attract them to adopt the app. Mobile useful-
ness is defined as the overall evaluation on the usefulness rendered to users during the
process of adopting mobile technology [18]. When a user is able to accomplish a task
effectively and efficiently provided by the mobile app, this will raise perceive usefulness
by user. Furthermore, mobile usefulness has been validated in recent studies [18, 19]
in the mobile commerce arena. [20] empirically found that ease of use and usefulness
influences the behavior intention to adopt branded mobile applications. In the current
study, the tour managers are the users of the mobile app who perceive mobile usefulness
from using smart tour mobile app. For example, the app enable the tour managers to
generate report of multiple trips in various locations, enables manager to plan multiple
trips/activities with confidence and etc. When tourism is supported by technology in this
case mobile app to transform data into on-site experiences, it potentially contributes to
efficiency, sustainability and experience enrichment not only to tour managers but also
tourists [21].

3 Methodology

The research objectives are achieved using quantitative research. Firstly, a mobile app is
developed based on business requirements gathered in earlier study [22, 23]. When app
code is completed, unit testing, integration testing and system testing are performed by
developer. Any effect or errors are fixed during the testing process before rolling it out
in actual testing environment by users. The main objective of the app testing is two-fold:
1) to ensure higher user engagement; and 2) to determine effectiveness of app among
users (who are managers in travel agency). They are eleven travel agency managers who
are registered members of Malaysian Association of Tours and Travel Agents (MTTA)
participated in this study. They are contacted via email and required to follow two simple
steps below to complete the process:
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Step 1: All participants are given briefing individually via email on the main purpose
of developing mobile app which enables manager in travel agency to monitor multiple
trips and track trip status when driver start/end the trips. At the same time, they view
video provided in order to understand the key functionalities of the mobile app.
Step 2: All participants participated in the online survey. There are six sections in the
online questionnaires covering personal information, system quality, perceived mobil-
ity, mobile usefulness, mobile ease of use, usage intention and open-ended questions
(provide comments). The questions are designed based on research model in Fig. 1.

Fig. 1. Research model for mobile app adoption

Since data collection phase falls within post-pandemic period (when Malaysia
implemented Movement Control Order 2.0 and Movement Control Order 3.0),
there are constraints such as unable to meet up with users in person and demon-
strate/test the app. Furthermore, based on news in Straitstimes.com on 14th March,
2021 (https://www.straitstimes.com/asia/se-asia/malaysias-travel-agencies-turn-to-sel
ling-fruits-food-and-even-plots-of-land-as-borders), since tourism industry in Malaysia
hit badly by Covid-19 pandemic and most travel agencies have collapsed and diversified
their business to selling fruits or other products instead of tour packages. Due to this
constraint, snowball sampling techniques until saturation point is used in this study. The
selection criteria of participant are travel agency manager who have at least two years’
experience in managing multiple trips in Malaysia. In the survey, the Likert scale is
constructed to achieve the research aim, which is to understand the opinions/perceptions
of users/participants related to the acceptance of the mobile application in terms of the
effectiveness in facilitating their work in travel agencies. It is devised in order to quantify
subjective preferential thinking, feeling and action in a validated and reliable manner
[24]. The participants need to indicate their level of agreement ranging from ‘strongly
disagree’ to ‘strongly agree’ on a metric scale. Last section of the questionnaire asked
respondents to provide their comments or suggestions pertaining to the use of the mobile

https://www.straitstimes.com/asia/se-asia/malaysias-travel-agencies-turn-to-selling-fruits-food-and-even-plots-of-land-as-borders
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application. To analyze the Likert-scale data collected from the survey, descriptive analy-
sis is used to describe and summarize data points in a meaningful way [25]. The analysis
recommended for ordinal (type of data collected in this survey) measurement scale items
include a mode (the most frequent response) or median for central tendency and fre-
quencies for variability [26]. The findings, conclusions and recommendations of this
research apply only to the population of respondents and should not be generalized to
other populations.

4 Results and Discussions

This section presents the descriptive results which are analyzed from the survey.

4.1 Demographic

Basic demographics for the respondents are presented in Table 2.

Table 2. Demographics of travel managers

Category Response n %

Gender Male 7 63.6

Female 4 36.4

Age 18–21 1 9.1

26–29 1 9.1

30–35 2 18.2

>35 7 63.6

Years of experience 2–3 years 1 9.1

>3 years 10 90.9

Most of the respondents aremale (63.6%). Seven of them are agedmore than 35 years
old (63.6%) and two of them are between 30 to 35 years old (18.2%). The remaining is
less than 30 years old. All of the travel managers classified themselves as having more
than 3 years’ experience of working (90.9%) except for one.

4.2 Measurement Criteria

System Quality

Figure 2 shows the travel managers responses regarding the system quality of the mobile
application.Most of the respondents (36.3%) provideNeutral responsewhen asked about
any problems or issues faced by them when using the application to get trip information.
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Fig. 2. Responses for system quality

In combination, most of the respondents (72.6%) are Agree and Strongly Agree that
the application provides them the capability to monitor multiple trips scheduled in a
daily basis. Obviously in the figure, most of the respondents (54.5%) Strongly Agree
that the application provides better way of monitoring driver and precise/updated trip
information to tour guide.

Perceived Mobility

Fig. 3. Responses for Perceived Mobility

Figure 3 shows the responses from the travel managers in terms of their perceived
mobility. Most of the respondents (45.4%) think that it is convenient to work with
the mobile application anytime and anywhere and most of them (54.5%) also perceive
that feature is really important for the application. Jointly, large percentage (72.7%)
shows that they are Agree and Strongly Agree with the capability to access the mobile
application to manage multiple trips and activities. Majority of them (54.5%) can access
the application using their own preferred network (e.g. Wi-Fi or mobile network).
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Mobile Usefulness

Fig. 4. Responses for mobile usefulness

Figure 4 presents the responses from the travel managers regarding the criteria of
mobile usefulness. Equally (45.4%), the respondents Agree and Strongly Agree that the
mobile application enables them to generate report for multiple trips in any location.
Combined (63.6%), Agree and Strongly Agree that the application enables them to
manage the trips inmore efficient way. However, most of them providesNeutral response
when asked about their confidence in planningmultiple tripswith the application (45.4%)
and whether they are able to receive information with less error (63.6%). Finally, most of
them collectively (72.6%) Agree and Strongly Agree that the application enables them
to have more control over their work.

Mobile Ease of Use

Figure 5 presents the responses from the travel managers regarding the criteria of mobile
ease of use. Most of them (54.5%) think that it will be easy for them to learn to use the
mobile application in order to receive information related to drivers. Together, most of
them (63.6%) Agree and Strongly Agree that it does not require a lot of mental effort to
use the application to receive that type of information. Obviously, a big number of them
(63.6%) think that it would be easy for them to become skilful at using the application to
get drivers’ current location. Nevertheless, majority of them (45.5%) provides Neutral
response for being able to use the application to receive drivers’ information without
calling them. Interestingly, the response received from the respondents for indicating
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Fig. 5. Responses for mobile ease of use

clear interaction with the mobile application to receive drivers’ information is quite
scattered (18.2% for Disagree and Agree, while 27.3% for Neutral and Strongly Agree).

Usage Intention

Fig. 6. Responses for usage intention criteria

Figure 6 presents the responses from the travel managers regarding the usage intention
criteria. Jointly, most of the respondents (63.6%) have the intention to use the mobile
application in the near future. While most of them (45.4%) are likely to use the appli-
cation, 36.7% of them provides Neutral and Strongly Agree responses respectively for
anticipating using the app in the near future.

5 Discussion and Implications

The findings of this study provided some insights that shed lights on current and
future tourism in Malaysia particularly in adapting to new normal after Covid-19
post-pandemic. In this section, the following insights are discussed:
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1. The practical implication of [5] research work has assisted tourism or travel agency
manager a partial view of current and forthcoming challenges in the tourism indus-
try in the post-pandemic era. However, in this study, the researchers have verified in
a case study that the challenges mentioned can be addressed by introducing smart
tourism inMalaysia rather thanmaintaining the current tourism trajectory in the post-
pandemic era or new normal. This study suggests to tourism industry to adapt to new
normal by incorporating IT innovation (digitalization/digitization concepts/theories)
in planning business strategies, activities and policies and it may assist travel agency
manager to rebuild or transform their business after hitting badly by Covid-19 pan-
demic. Tourism industry has start selling their tour packages by embarking on the
smart tourism after gaining insight of the effectiveness of smart tourism in this study.

2. Based on the findings of this study, mobile app which leverages on the mature
technologies (GPS) in acquiring trip information such as real-time location-based
information of the bus or car drivers; and generating report of multiple trips con-
taining bus start/end time and destinations. The key highlight in this study is the use
of technology in multiple trips planning is more cost effective. Moreover, based on
the results on usage intention presented in Fig. 6, technology acceptance by travel
agency manager is high (more than 50%). This has also answered the research ques-
tions on the acceptance of mobile app in terms of effectiveness in facilitating the
work of travel agency manager. However, the results presented in this study cannot
be generalized due to limited sample size. This limitation can be overcome in future
study when tourism industry enters into recovery phase.

In the nutshell, the practical implication of this study is to assist the travel agency
manager to discover the two ‘C’s. The first ‘C’ stands for challenge, which is current
challenge in facing the tourism industry that bad-hit and forthcoming challenge in recov-
ering the tourism industry into good-shape. The second ‘C’ stands for cost, which is cost
effectiveness when offering activities or tour packages in the recovery phase. Both ‘C’s
are able to apply smart tourism in planning business strategies, activities and policies to
adapt to the new normal. As mentioned, technology is the heart of smart tourism, the
smart tourism models selected (but not limited to) are technology-based tourism models
which include cloud tourism and so forth.

6 Conclusion

As a conclusion, this research has successfully investigated the effectiveness of dig-
itization and digitalization in tourism industry by adopting a self-developed mobile
application to enhance the travel agencies business processes such as monitoring and
organizing multiple trips. The research has found that the use of the mobile applica-
tion by the travel agent could provide more effective way to monitor and organize trips
for tourist in Covid-19 post-pandemic era. Nevertheless, as a future work, the mobile
application could be more improved possibly by implementing AI/ML features in order
to provide advice and suggestion for the travel managers to plan a trip by learning the
historical data pattern of the previous trips.
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Abstract. Immunization against infectious diseases is a lifelong engagement
requiring proper record management. In recent times, following the outbreak of
COVID-19, it has become imperative that immunization records done locally
should be accessible as substantial accessible proof internationally, anywhere,
anytime and for future use. Apart from the Electronic Management of Immuniza-
tion Data (EMID), an initiative of the National Primary Health Care Development
Agency (NPHCDA) in response to the outbreak of COVID-19, that schedules and
captures individual’s data for COVID-19 vaccination, the management of other
Routine Immunization records in Nigeria is presently done manually with each
immunized individual given an immunization card as proof of immunization, and
for follow up on other doses of the vaccine. This method is not without its plethora
of challenges. Leveraging mobile health solutions, especially one that places the
individual at the centre will benefit the management of the immunization pro-
cess in Nigeria. There have been a few mobile solution initiatives in Nigeria
to address issues associated with managing the immunization process, but they
have been fragmentary and have suffered setbacks. This study takes a holistic
approach to the management of immunization and proposes a mobile healthcare
technology framework using USSD (Unstructured Supplementary Service Data),
Short Message Service (SMS) and Mobile Application (Mobile App) towards
the implementation of a versatile Mobile Health Solution for the management of
immunization in Nigeria. Existing works of literature were reviewed, and inter-
views conducted amongst health workers and mobile developers. This framework
serves as a launchpad for future mobile system Implementation that will con-
tinuously enforce scheduled vaccines, provide accurate population immunization
coverage data, and combat vaccine hesitancy through effective communication
and community engagement approaches.
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1 Introduction

Immunization is the safest proven method for protecting against life-threatening and
infectious diseases. In Nigeria, Routine Immunization (RI) provides individuals access
to vaccines against infectious diseases for the control and eradication of vaccine-
preventable diseases. Routine Immunization (RI) is the process of timely vaccination
regularly with vaccines considered important for a given country to reduce morbidity
and mortality [1]. RI is enabled by a country’s healthcare system and managed through
a set of management subsystems needed to continuously enforce scheduled vaccines,
monitor their safety, control population immunization coverage, measure their epidemi-
ological impact and report to international bodies [2]. The National Primary Health Care
Development Agency (NPHCDA) of the Federal Ministry of Health (FMoH) of Nigeria
coordinates RI policies and strategies while the Local Government Areas (LGAs) are
responsible for the implementation of RI services [3].

It is the responsibility of the government to secure its public health via immunization
its citizens against infectious diseases. Carrying out a large-scale immunization cam-
paign in a densely populated country like Nigeria can be difficult and requires good data
management and administration to be successful. As a result, immunization information
systems are recommended. Immunization information systems are secure, population-
based computerized databases that track all immunization doses given by participating
clinicians to people living in a specific geopolitical area [14].

One thing the COVID-19 Pandemic has brought to the forefront is that immuniza-
tion is not only for children but individuals of all ages. A Nigerian child is considered
fully vaccinated if he or she has received the following vaccinations: 1 dose of Bacille
Calmette-Gue’rin (BCG) against tuberculosis, 3 doses of Pentavalent (Penta) vaccine to
prevent diphtheria, pertussis (whooping cough), tetanus, hepatitis B, and Haemophilus
influenzae type b, 3 doses poliovirus vaccine (OPV), 1 dose of inactivated poliovirus
vaccine (IPV), 1 dose of measles vaccine and 1 dose of yellow fever vaccine [4]. At
any stage from teenage to adulthood, a girl is required to take the Human Papilloma
Virus (HPV) Vaccine against Cervical Cancer [5]. All pregnant women are given rou-
tine tetanus toxoid (TT) to prevent maternal and neonatal tetanus (MNT) [6]. Hence
Immunization against infectious diseases is a lifelong engagement that requires proper
recordmanagement as in recent times, immunization record done locally is now required
as substantial accessible proof internationally and for future use.

Apart from the Electronic Management of Immunization Data (EMID) [15], an
initiative of NPHCDA in response to the outbreak of COVID-19, that schedules and
captures individual’s data for COVID 19 vaccination, the management of other Routine
Immunization records in Nigeria is presently done manually with each immunized indi-
vidual given an immunization card as proof of immunization, and for follow up on other
doses of the vaccine. The healthcare facility also manually keeps a record of all those
vaccinated in their facility and submit a monthly/periodic report to the state ministry of
health. This method is not without its plethora of challenges. They include: Immuniza-
tion card records can be easily misplaced or lost; erroneous data record by immunization
staff; missed or overdue immunization due to forgetfulness; incongruous immunization
records due to immunization done in multiple healthcare facilities.
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Leveraging on mobile devices, especially mobile apps for immunization, places the
individual at the centre of care [7]. Mobile Health Solution is the delivery of healthcare
support via mobile technologies. Mobile solutions can do a lot of good to managing the
immunization process in Nigeria. There have been a few mobile solution initiatives in
Nigeria to address issues associated with managing the immunization process, but they
have been fragmentary and have suffered setbacks.

Hence, this study takes a holistic and integrated approach to the management of
immunization and proposes a framework towards the implementation of a versatile
Mobile Health Solution for the management of immunization in Nigeria. This frame-
work creates a launchpad for future mobile system Implementation that will continu-
ously enforce scheduled vaccines, provide accurate population immunization coverage
data and Combat Vaccine hesitancy through effective communication and community
engagement approaches.

2 Literature Review

Previous research studies inNigeria have linked lowvaccine uptake, and likely predictors
for completion of full vaccination in children to a variety of issues such as the awareness
of when to begin and finish vaccines, knowledge of vaccine safety and efficacy was
extremely low, birth facility, mother’s level of education and place of residence (rural
or urban) [8, 9]. [10] identified barriers to immunization coverage amongst which are
Low or nonexistent community engagement, Poor access to hard-to-reach communities,
unreliable or invalid administrative data, Unclear protocols and inadequate training of
staff for appropriate data collection and utilization, data are not being used for decision
making and the lack of basic data collection tools such as the State-provided registers.

Every year, UNICEF, and the World Health Organization (WHO) publish fresh esti-
mates of immunization coverage for 195 countries, including Nigeria. Following each
immunization coverage operation, a comprehensive assessment is performed to deter-
mine the degree to which every child was reached and immunized. Such statistics can
assist highlight where progress has been made or where it is needed, where reversals
in immunization coverage are occurring and where there are areas of success. UNICEF
in 2018 reported that 4.3 million Nigerian children still miss out on vaccinations every
year. As alarming as the figure may look, [11] in a survey result suggest that adminis-
trative RI data do not reflect true vaccination coverage for Nigeria. Several factors can
contribute to inaccurate and inconsistent administrative data. Which includes erroneous
data reporting from health facilities, incomplete data reporting, delays in recording sum-
marizing vaccination data after RI sessions and poor review and use of RI data locally
[12]. All these lapses call for proper management immunization system.

[11] a pilot study demonstrated the use of SMS to daily report the results of routine
immunization sessions as opposed to end-of-the-month reports. Their study showed that
daily SMS reporting can be used in the management of immunization services such as
monitoring routine immunization data more frequently and facilitating timely interven-
tions for improving the quality of data collected by the program; providing supervisors
with an alternative source of information to identify areas where routine immunization
services are suboptimal; and to help, decision-makers identify which healthcare facility
did not report sessions conducted and ensure prompt follow-up.
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Studies from [13] identified some aspects for realizing mobile healthcare solutions
in developing countries. One aspect is the use of the appropriate technology; technol-
ogy that is most suitable and compatible with the targeted populace. The study submits
that while SMS is a very effective and cost effect mobile technology for healthcare
solutions; it is, however, not a universal preference. Hence to obtain long term positive
results across the populace for which the mobile health technology is for, researchers
must investigate the prevalent technology amongst the populace and take appropriate
action. Another aspect that must be addressed to realize mobile healthcare solution is
the problem of health information fragmentation and interoperability issues amongst
healthcare facilities. Fragmented health information hinders effective healthcare. There-
fore changes are needed to create mobile healthcare solutions that solve the problem of
fragmentation of health data [13].

RemindMe, a product of the Innovation Corner, is an offline data management and
reminder system for immunization using USSD/Voice Technology [16, 17]. RemindMe
addresses the foremost problem of vaccine uptake due to forgetfulness. Some parents
in rural areas had difficulty determining where, when, and how frequently their chil-
dren were supposed to obtain immunizations. Because of the uncertainty, vaccines were
delayed and repeated, increasing the risk of baby and child death from preventable dis-
eases [16]. Via a personal interview, one of the co-founders of RemindMe stated that
since the launch of RemindMe in Nigeria 2018, it has suffered many setbacks and has
stalled. One of the limits of RemindMe was that it was deployed from the state level (not
from the federal level or NPHCDA that is responsible for immunization initiatives in
Nigeria) hence the change of state governments affected its implementation. Secondly,
the project became an object for politicking.

Another mobile healthcare initiative for immunization is the ElectronicManagement
of Immunization Data (EMID) [15] an initiative of NPHCDA. EMID is the registration
platform of the Federal Ministry of Health for COVID 19 Vaccination which was in
response to the outbreak of COVID-19. It captures individuals’ data and schedules
individuals for COVID-19 vaccination. Unlike RemindMe, EMID is the brainchild of the
Nigerian Federal Government hence, was deployed from the federal level by NPHCDA
and is in use by all COVID- 19 vaccination centres in every state in Nigeria. This factor
made the rollout of EMID a huge success. While EMID is evident that immunization
management system can be deployed from the federal level and implemented by states,
it however does not manage other Routine Immunization.

3 Materials and Methods

Pieces of literature on similar topics were reviewed, interviews were conducted with
healthcare vaccination workers and developers of other immunization mobile solutions
to gather data and the working modalities of immunization in Nigeria. Data gotten were
assimilated to model the existing system using computer-aided software. The proposed
framework was consequently modelled with computer-aided software to showcase areas
mobile technology can be used to improve the existing framework.
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3.1 Existing System Analysis

Figure 1 represents the present method of managing immunization in Nigeria. Each
immunized individual is given an immunization card as proof of immunization and for
follow up on other doses of the vaccine. The healthcare facility also manually keeps a
record of all those vaccinated in their facility in a register and submits amonthly/periodic
report to the state ministry of health. The National Primary Health Care Development
Agency (NPHCDA) of the Federal Ministry of Health (FMoH) of Nigeria creates and
rollout strategic policies for activities concerned with routine immunization while the
Local Government Areas (LGAs) under the regulation of the state ministry of health
are responsible for the implementation of Routine Immunization services. Healthcare
facilities, both private and government-owned are the centres where immunization is
given and data collected and collated for forwarding to the NPHCDA hence the federal
government of Nigeria. Data received are used for planning immunization coverage, the
number of needed vaccines and sent to global health organizations.

The present method is not without its plethora of challenges. They include:

1. Misplaced or lost immunization card records.
2. Missed or overdue immunization due to forgetfulness.
3. Incongruous immunization records due to fragmented immunization data from

immunization done and stored in multiple healthcare facilities.
4. Erroneous data record by immunization staff.
5. Delay in transmitting immunization records to the relevant authorities for real-time

decision making.
6. Immunization registers are susceptible to damage without the guarantee of data

backup hence causing the unavailability of immunization records for future refer-
ence.

Fig. 1. Existing immunization management system
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Immunization against infectious diseases has become a global concern. Managing the
immunization record of a populace is a critical venture that will probably become a
necessity for global interaction. Therefore Nigeria requires a shift from its current way
of managing the immunization process, to something more robust and sustainable into
the future by leveraging technology.

3.2 Proposed System

The proposed framework anchors on mobile technology for the management of immu-
nization in Nigeria, especially the versatility in mobile solutions comprising of SMS,
USSD, and Mobile Apps. The proposed framework integrates these versatile solutions
into one solution to allow users to decide on which is their preferred mobile solution for
managing and engagingwith their immunization process. Following the setback suffered
by RemindMe, and the success experienced with EMID, themobile framework proposes
that mobile healthcare solutions for managing immunization be rolled-out from the fed-
eral level and implemented by states. Immunization data are consolidated in real-time
from multiple healthcare facilities into a single record that will make available official
immunization records for individuals, the local and state government, and ultimately the
federal government.

Figure 2 is a representation of the proposed framework for managing immunization
in the Nigeria Healthcare system. There are four key players to this system they are:
the Government, healthcare providers and the individual seeking to be vaccinated and
Mobile healthcare solutions synergizing immunization activity.

1. Mobile solution: The solution provides an integration of both offline (USSD and
SMS) andonline (MobileApplication)modes of immunizationprocessmanagement.
That can be easily accessible at any location, and at any time.

2. The Individual: This framework caters for individuals of all ages willing to be
vaccinated. In the case of a child/toddler, such minor can be registered by parents or
guardians and their account managed until old enough to manage his/her record and
continues with that account with the required adult vaccinations. The user registers
queries

3. Healthcare facility: The framework gives aggregated immunization histories for
use by a healthcare facility in determining scheduled vaccines at the point of clinical
treatment.

4. The Government: This framework provides a structure for centralized data report-
ing, that will empower the government to be able to provide statistically accurate
and up to date immunization records to international health bodies.

This framework offers the following benefits include:

1. Versatile means for individuals to access their immunization record via USSD code
or mobile app offering an advantage over traditional immunization card record.

2. It allows the user to check and verify their immunization record in real-time at the
place of immunization and on-demand.
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3. It can help individuals set reminders or be reminded via SMS of the next
immunization appointment avoiding overdue or missed vaccinations.

4. Mobile health solutions can enable reporting of immunization records independent
of the healthcare facility as information captured at multiple healthcare facilities can
be accessed via a web service for a lifetime.

5. Another possible advantage of leveraging on Mobile Health Solutions for managing
vaccinations is the opportunity to boost vaccination confidence, rates, debunk myths
and ease vaccination hesitancy due to unfounded religious beliefs via enlightenment.

Fig. 2. Proposed versatile mobile health solution framework for managing Immunization in
Nigeria.

4 Conclusion

This paper has examined the current practice and challenges with the management of
immunization data in Nigeria as it affects lifelong record keeping, access by individu-
als and the prospect of versatile mobile health solutions to improve the state of things.
A mobile immunization solution framework is proposed. The framework would pro-
vide discourse towards the implementation of a mobile solution for the management of
immunization against infectious diseases.
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Abstract. This article targets one of the fundamental changes in the
judicial system induced by the severe limitations due to the absence of
face-to-face meetings: the application of video conferencing in court ses-
sions, an application with special requirements in this critical domain.
A semi-structured literature review that we conducted revealed a lack of
human-centered approaches. Potentials and challenges, mainly focused
on the needs of judges, were also identified. These challenges were then
transformed into requirements for designs of video conferencing systems
in the judicial context. We ultimately developed a low-fidelity prototype
of a system that incorporates a novel combination of three use-case-
specific features: a solution to manage fatigue, a solution to manage user
participation, and cognitive aid based on artificial intelligence (AI). The
aim of the last feature was to reduce cognitive load while improving the
moderation quality of court session leaders. Through a heuristic eval-
uation by human-computer interaction (HCI) and domain experts, the
benefits of the basic design ideas, as well as potential areas for improve-
ment, were identified. This paper presents the first systematic analyses
of the potentials and limitations of video conferencing in German court
sessions. It brings the enormous challenges of a critical domain in soci-
ety, as well as human-centered and value-sensitive digitalization and AI
adoption, under the spotlight.

Keywords: EJustice · Video conferencing · AI cognitive aid ·
Human-centered AI · Value sensitive design

1 Introduction

Digitalization has become increasingly important in many areas of life. Its devel-
opment gained much momentum during the COVID-19 pandemic, since indus-
tries, administrations, and civil services had to change quite rapidly and adapt
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to the challenges posed by lockdowns and the absence of physical meetings. As
a result, many have adopted video conferencing as a daily solution for necessary
communications and collaborations. However, the adoption of video conferencing
as a medium of remote communication and collaboration has different require-
ments depending on the specific use case. The present contribution analyses
possibilities and challenges of video conferencing in court sessions and presents
a prototype meeting the special requirements of a digital court session.

Through objective examination, while being fair to all parties in strict coher-
ence to all laws, one finds challenges in the adoption of digitalization in the
judicial system. Nevertheless, several countries have started to explore the usage
of video conferencing in the judicial system. The United Kingdom (UK) was one
of the earliest adopters of video conferencing in court, also publishing a set of
useful guidelines as early as March 2020 [37]. According to the National Center
for State Courts, Texas judges collectively held 1,800 virtual hearings in early
2020 [34]. In Germany, the Munich State Court had scheduled over 100 civil
cases in the digital format by 2020 [36]. In February 2021, the Minister of Jus-
tice and Europe, Guido Wolf, announced that 1,200 judges in the German state
of Baden-Württemberg would have access to the video conferencing software
“Cisco Webex Meetings” [31].

However, adherence to democratic principles and constitutional rights are
necessary for appropriate implementation of digital applications such as video
conferencing. These principles and rights guarantee fair conditions for all
involved parties and ensure unbiased judicial decision-making. Thus, in using
video conferencing during court sessions, special measures must be taken to
safeguard these principles and rights. One crucial right is the right to get judged
by a lawful judge who is impartial and unbiased [39]. Further, every official court
session participant (excluding uninvolved observers) has the right to be heard,
which must be guaranteed and respected under any circumstances [8,35,39].
This, for example, also requires unobstructed access to social-attention signals.
Typical screen-based video conferencing solutions impede particularly these sig-
nals. In addition, fatigue, participation, and direct assistance are important con-
siderations for an appropriate design of human-computer interface at court.

It is essential to make justice accessible to all [1] and ensure equality for all
involved parties [35]. Further, transparency of court sessions among the public is
critical in light of the special requirements for court session leaders, that is, the
judges, when using video conferencing [39,40]. Apart from this pioneering work,
other researchers have already identified challenges regarding the moderation
quality (e.g., observations on the distribution of the talking frequency of par-
ticipants), the perception of participants (e.g., credibility), the workload (e.g.,
fatigue), and media competencies (e.g., the operation of the system) [8,11,40].

Overall, the following questions arise: (1) Can digital court sessions guarantee
the described special principles and constitutional rights? and (2) Do digital
court sessions affect the moderation quality, the perception, and the workload of
judges? Both questions underline the sensitivity of the given use case, which we
believe can be best tackled through a human-centered design with key methods
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to support digitalization processes [24]. A design approach with a focus on the
user must include the recurrent feedback of actual end users in the process of
research and development, in order to gain a holistic perspective of the proposed
product and reap rewards from both the research experience and the experience
of the end user. Such an approach can also lead to higher acceptance through
the inclusion of the user in the design cycle [25,26].

However, human-computer interaction (HCI) approaches are still rare in the
judicial context. Only a few studies have focused on a user-centered transaction
design (e.g., [21]) or on a user-friendly courtroom [20]. Further, a human-centered
design has rarely been applied to accompany digitalization in the judicial con-
text [20]. Many studies have addressed the digitalization of the judicial system
in general. However, the literature lacks a systematic overview of these studies
and connections to fields engaging in human-centered digitalization of court-
rooms. Further, crucial requirements of a digitalized judicial system, such as
court leaders’ multifaceted responsibilities, are rarely addressed. Even though
human-centered design processes can contribute to meeting these challenges, no
study (to the authors’ best knowledge) has been found to analyze and improve
video conferencing in court sessions through user-centered design processes.

To bridge this gap, we conducted a semi-structured literature review sum-
marizing the scientific literature on the use of video conferencing tools during
court sessions (step 1). In this paper, first, we outline possibilities and challenges
stemming from the literature review and discuss them, focusing mainly on the
needs of judges. Then, we transfer the results of step 1 into human-centered
design methods to gather ideas on how digital courts might be improved. Next,
through a requirement analysis, the identified challenges are transferred into
concrete demands for video conferencing design in the judicial context (step 2).
Following this, as our main contribution to the research efforts in this domain,
we introduce a low-fidelity prototype of a cognitive aid applying artificial intelli-
gence (AI) to reduce the cognitive load and to improve the attention of the court
session leader toward the needs of other trial members. Finally, we gather inputs
for improving the low-fidelity prototype with a heuristic expert evaluation and
another evaluation at a symposium with realistic end users (step 3).

2 Step1: Literature Review

The first step was conducting a semi-structured review of the existing literature.
The goal of the review was to obtain an overview of the previous research into the
digitalization of justice and the challenges associated with such an endeavor. The
point of interest was the implications of virtual hearings for the judicial system
and video conferencing on the participants, particularly the judge. However, a
lack of scientific articles on the field of justice led to the inclusion of articles from
other areas addressing moderating or leading participants in video conferences.
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2.1 Method

The semi-structured review followed the Prisma approach [19], including four
distinct phases as illustrated in Fig. 1. The research for this study was conducted
through Google Scholar and the ACM Digital Library, with some articles being
found through the references of studies identified as relevant for the review.

Fig. 1. Diagram of the scanning and selection process for relevant literature

In the first phase, we identified relevant papers through a search by looking
at their titles (n = 66). The studies that were selected had to fit into one or
more of three categories defined by the following criteria:

1. The articles provide insights about the adoption of e-justice in different coun-
tries before and during the pandemic.

2. The articles describe challenges in and possibilities for the use of video con-
ferencing during a court session.

3. The articles include the rule of moderators in video conferencing.

To capture these categories, we searched for the following keywords, ignoring
case sensitivity:

"Video Conferencing Challenges" OR "Video Conferencing Moderating"
OR "Video Conferencing Psychology" OR "Video Conferencing Justice"
OR "E-Justice" OR "Justice Digitalization"

When searching the Google Scholar database, we utilized the advanced search
option with the specification to “find articles with at least one of the words” and
selected the option for words to occur “anywhere in the article.” In the ACM



86 C. Wienrich et al.

Digital Library, we searched the ACM Full-Text Collection and selected the
option to search “anywhere” within the article with the above keywords; we
did not add any filters for the search. In both libraries, we delimited the time
frame to only include articles published between 2017 and May 2021. There were
two reasons for this delimitation to prefer contemporary research: (1) Except
for results from a basic research, we believed, many technological developments
might impede the straightforward transferability of older approaches and results
to state-of-the-art solutions; and (2) Video conferencing experienced a significant
upturn recently, and hence it seemed safe to assume that it would have generated
a broader scientific reflection likewise.

The second step included abstract scanning. Most articles were excluded due
to irrelevant contexts, for example, a paper detailing the steps to take in India to
implement a fairer video conferencing solution (e.g. [30], which did not provide
relevant insights into the points of interest. Thus, the number of relevant studies
was reduced to 35. In the third step, we read the full text and decided that 12 out
of the 35 articles were suitable for review. Then, we found six additional articles
through the related works discussed and cited in these 12 papers, including
one article published before 2017. Consequently, the final selection included 18
articles that we analyzed in greater detail. Our selection represents papers from
a wide range of authors, preventing significant bias in our results.

2.2 Review Results Focusing on E-Justice in General

The discussion of insights starts with the results addressing e-justice and how
different countries have adopted video conferencing tools to modernize their
judicial systems.

E-justice refers to the use of information technology and remote communica-
tion to improve accessibility of the judicial system while simultaneously strength-
ening its foundations through improving cooperation between institutions and
reducing the duration of procedures [38].

Both Rossner et al. [1] and Sourdin et al. [5] describe the reinvention of the
judicial system as a long-time project that has been drastically accelerated as
a result of the global pandemic COVID-19. In their paper, Sourdin et al. [5]
describe five different courts of North America, three different courts of Asia,
seven different courts of Oceania, two different courts of Africa, and four dif-
ferent courts of Europe which started using supporting technologies such as
video conferencing to hold proceedings during the pandemic. While this list is
not exhaustive, it helps paint a picture of how much COVID-19 has forcibly
advanced the digitalization of the judicial system.

McIntyre et al. [2] frame the effort to devitalize a remarkable success in
many countries, specifically Australia and the UK. They also mention that online
dispute resolution had never been attempted in the UK until 2018 and that
Australia only had pilot projects at that time. During the first lockdown, 85%
of the English Business and Property Courts hearings were held virtually [32]].
As early as April 2020, the Federal Court of Australia had introduced guidelines
to hold proceedings virtually [33].
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There are mixed opinions about the future of the (digitalized) judicial system.
Vovk [7], for example, describes the increasingly innovative and quick solutions
that have made their way into justice during the last year. He shows that Ukraine
was fairly quick to improvise and to use video conferencing during court sessions.
On the other hand, Germany took a more conservative path and concentrated
on establishing some solid groundwork before widely adopting the video confer-
encing technology at court. The paper finally notes that further regulations may
be needed, for example, to guarantee the principle of open justice, but also that
the digitalization of justice will continue to advance.

Burova et al. [6] outline a possible way to further legitimize e-justice in the
Russian Federation. They highlight the importance of transparency, accessibility,
and protection as guiding principles that have to be followed in e-justice to
make it a viable alternative. The accessibility requirement is also mentioned by
Rossner et al. [1], who focus on virtual courtrooms. Rowden [3] addresses another
potential problem, particularly for judges. He discusses the possible erosion of
authority due to the missing physical courtroom, highlighting another challenge
in adopting virtual courts. Donoghue [4] warns that improper use of technology
may limit participation, as well as access to justice, but they otherwise paint a
positive picture of the possibilities that come with proper use, such as increasing
the efficiency and effectiveness of justice.

Gorodovenko et al. [8] provide an overview of the rights that need to be ful-
filled, including the right of access to justice dealt by competent judges, the right
to be heard and to get practical help, the right to be considered innocent until
proven guilty, and finally, the right to a fair trial free from bias, with transpar-
ent communication and an appropriate time window for the hearing. We address
some of these points in the following section relating to the possibilities and chal-
lenges of video conferencing in the context of justice. Finally, they bring up a
few challenges such as inadequate infrastructure, insufficient training, and lack
of digital competencies, particularly for those responsible for the court session
procedure, that is, the judges. The 2020 study of Sourdin et al. emphasizes the
need to move toward a digital platform while ensuring that no human rights get
violated [5].

The review of results related to e-justice in general shows that video confer-
encing has rapidly changed the use of digital technology in the judicial system.
The following section scopes the possibilities and challenges that virtual court
sessions face.

2.3 Review Results Focusing on Video Conferencing in Court
Sessions

Rudnev and Pechegin [9] investigated the principle use of video conferencing
technology to generally improve the overall judiciary process. The authors specif-
ically point to the possibilities of such technology in terms of increased access
to and simplification of court sessions. This view is shared by Hilgendorf [35],
who also sees improved accessibility and the potential to increase fairness and
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impartiality through digital technology to support the judicial system. Addi-
tionally, both essays mention how video conferencing would help speed up the
processes significantly and thus reduce the judicial system’s long-term workload
[9,35]. Grønbæk et al. [10] propose technological solutions to improve partici-
pants’ attention during hybrid meetings.

In contrast, others identify problems, obstacles, and critical points to con-
sider when using video conferencing at court. Rossner et al. [1] describe that
many courts started to use video conferencing during the pandemic. They high-
light the differences between the usage of third-party solutions such as Zoom
and Microsoft Teams and the usage of individual solutions developed in-house,
specifically pointing out data protection and safety concerns relating to third-
party products.

Despite the potential advantages of solutions for attention management as
proposed by MirrorBlender [10], current solutions only rarely include the sophis-
ticated functions necessary to realize these advantages.

The potentially increased cognitive workload due to the adoption of video
technology, that is, of video calls, was already investigated in 2008 by Ferran
and Watts by [11]. They examined two determinants of information processing-
argument quality (as central cue) and likeability (as peripheral cue)-and how
cognitive load impacts these determinants. They conducted a study with 143 par-
ticipants, comparing face-to-face meetings and video conferencing. Their results
revealed some core insights. Firstly, cognitive load influenced the way informa-
tion was processed. Second, likeability influenced information processing more
under high cognitive-load conditions. In low cognitive-load conditions, argument
quality impacted information processing stronger. Participants reported signifi-
cantly lower cognitive loads during face-to-face meetings than they did in video
conferencing conditions.

The authors mention that rich media, such as video conferencing, change the
dynamics of communication in such a way that specific peripheral cues, including
likeability, become more influential than in face-to-face situations. This poses a
challenge: keeping the cognitive load manageable so as not to lean toward biased
processing.

During the coronavirus pandemic, anyone who has used video technology to
keep in touch or work has either heard of or experienced “Zoom fatigue.” How-
ever, despite the ample speculations and anecdotal evidence, very little research
has been conducted on this phenomenon. Recently, Fauville et al. [12] investi-
gated the phenomenon, surveying 10,600 participants about their experiences of
using video conferencing through an online questionnaire. The results revealed
multiple relevant factors enhancing fatigue:

– Mirror Anxiety relates to being constantly able to see oneself and thus
perceive oneself as an active participant. As a result, one’s focus shifts toward
one’s own frame and to how others may see the actor. This outcome is usually
stronger among women than among men.

– Hyper Gaze refers to the permanent eye contact with other participants
which leads to physical anxiety. This is also described by Takac et al. in their
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study [13] to propose a therapy for people with a public speaking phobia
through utilizing exposure to virtual reality. Being constantly watched can
lead to the development of fears and thus increase stress and fatigue during
and after a meeting. This is one reason why Tomprou et al. propose that
using the audio-only function may sometimes help improve the quality of
conferencing, especially in terms of productivity [14]. They found that groups
not focused on visual cues could increase their collective intelligence and
synchronize their vocal cues much better than groups with visual cues. They
use their results to question the utility of video support in general.

– In contrast, Ferran and Watts [11] as well as Fauville et al. [12] both found
that the lack of non-verbal cues during video calls is a major contributing
factor toward high fatigue.

– Additionally, fatigue seems to increase with frequency and burstiness, indi-
cating to the value of short rests between meetings.

– According to Fauville et al., work contexts generally induce the highest fatigue
[12]. Thus, it seems critical to reduce accumulation of this fatigue in sensitive
work environments such as in the field of justice.

2.4 Review Results Focusing on Moderation in Video Conferences

In the last step of the literature review, we focused on the unique role of court
session leaders, that is, judges. As mentioned earlier, the moderation quality, the
perception of the participants, the judges’ workload, and the media’s competen-
cies were identified as challenges for judges in digital courtrooms. Unfortunately,
there were no studies specifically targeting the roles and responsibilities of court
session leaders during virtual moderation. Hence, we included relevant studies
from other fields which discussed the possibilities and challenges of virtual mod-
eration.

El Ouardy and Schreiber [17] describe three problems stemming from virtual
moderation. The first concerns physicality: Absence of the real environment may
be unsettling for some users. The authors propose clearly structured and trans-
parent communication to reduce these disadvantages. According to them, doing
so should provide for holistic learning experiences and improve competencies.

The second problem concerns visibility. As mentioned before, constant aware-
ness of oneself might have negative effects, substantiating the implications
pointed out by Fauville et al. [12] and Takac et al. [13]. In addition, it might
distract one’s attention from other participants and their perceptions. A solu-
tion suggested for this problem involves changing the camera settings. Another
suggestion provided is to regulate the display of one’s own camera.

Finally, the authors point out the problem of physical separation. Partic-
ipants cannot draw upon the full breadth and depth of their perceptions in
virtual environments due to limitations in screen sizes and virtual fields of view.
This may hinder discussion among participants and limit the communication
of the moderators. They suggest letting participants talk about themselves or
present their environments to make the interactions more real. They also discuss
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the potentials of augmented or virtual reality, which could offer an illusion of
physicality.

Stang and Zhao [18] describe communication as a synergy of information,
messaging, and comprehension. In their study on cross-cultural communication
and collaboration, they found that it was especially essential for the non-native
speakers to be included the discussion explicitly and have a clear way of com-
municating.

Sometimes, the native speakers would be too focused on explaining their
perspectives or would use words that the non-native speakers did not understand.
Context-specific language seemed to have been preferred by even the non-native
speakers to communicate the basic ideas better.

Finally, the authors underline the importance of finding context-specific com-
munication strategies among the participants before diving into the video con-
ference discussion. This step, they argue, would improve comprehension and also
help avoid exclusion, as well as minimize confusion among participants.

Kim et al. [15] show the utility of a bot moderating a chatroom. Their results
include reaching an authentic consensus and equal involvement of all partic-
ipants, indicating the benefit of using digital aids for moderation. It may be
essential to note that this study was done with a sample of Korean participants.
Transferability of the results to the more individualistic Western culture and
other less technology-oriented cultures has not been established yet.

In a similar vein, Lee et al. [16] indicate that collaboration between a human
moderator and a supporting bot can help enhance the quality of discussion. This
synthesis would allow the inclusion of human expertise that is hard to replicate
using an artificial system, while at the same time utilizing the latter’s benefits.

2.5 Summary of Possibilities and Challenges

The review of the final 18 articles reveals valuable possibilities and challenges
relating to e-justice and the usage of video conferencing in court sessions. Table 1
summarizes the challenges, and Table 2 summarizes the potentials we have iden-
tified.

Overall, prior research has shown some valuable benefits of adopting the
video conferencing technology in different use cases. Most of these results seem
promising also for justice, although there have been no proper studies in this
area yet. However, the identified disadvantages might be particularly challenging
when using video conferencing tools during court sessions.

For instance, a high cognitive load could impede the responsibilities of court
session leaders, such as giving all trial members equal chances to speak. Nev-
ertheless, the studies we have review were not conducted with justice in mind.
Consequently, two main questions arise: (1) What can we learn from the identi-
fied challenges and possibilities for the design of video conferencing tools applied
in court sessions? and (2) How can we support judges in fulfilling their multi-
faceted responsibilities when leading court trials?
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Table 1. Summary of identified challenges from the review, the derived requirements,
and proposed solutions.

Challenges Requirements Proposal

Cognitive

Load

Attention

management

R1: Allow focusing on essential parts

of the conference

Develop an AI recommender system

to highlight the essential parts in

real time

Participation

management

R2: Improve the participation of less

vocal members; support the inclusion

of all participants

Develop an AI recommender system

to hint at whom to include more in

real time

Information

processing

management

R3: Increase reflective information

processing; avoid biased information

processing

Develop an AI recommender system

to analyze arguments and hint at

heuristic processing cues in real time

Fatigue Mirror

anxiety

R4: Reduce Mirror anxiety Allow participants to manage the

individual views and self-visibility

Hyper gaze R5: Reduce Hyper gaze Allow participants to manage the

subjective views of other participants

Nonverbal cues R6: Increase perceptibility of

nonverbal cues

Provide systems that allow

non-verbal communication such as

eXtended Realities

Accumulation

of fatigue in

work context

R7: Reduce the accumulation of

fatigue in work contexts

Develop the best work-break balance

through considering the specifics of

virtual work

Moderation Data safety R8: Enable identification and data

security

Develop systems that can operate

without having unclear privacy laws

Physicality R9: Provide personalized avatars Develop personalized avatars of high

quality and possibilities for

identification

Visibility R4: Reduce mirror anxiety Explore potential solutions to

manage self-visibility, e.g. fade out

own view

Perception R1: Allow focusing on essential parts

of the conference

Develop an AI recommender system

to highlight the essential parts in

real time

Communication R10: Encourage a holistic

communication process

Provide innovative moderation tool

Justice Transparency R11: Provide transparent

information

Explain how the technology works;

make it easy and intuitive to use

Accessibility R12: Provide accessible technology

for every person, especially

vulnerable ones

Build a solid infrastructure; apply

human-centered design processes;

regard different target groups

Protection

of Rights

R13: Protect rights to be heard, to

have fair proceedings, to have a

competent judge and transparent

communication

Provide low-cost infrastructure and a

personalized, safe system

Participation R2: R2: Improve the participation of

less vocal members; support the

inclusion of all participants

Develop an AI recommender system

to hint at whom to include more in

real time
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Table 2. Summary of identified possibilities from the review, the derived potentials,
and solution proposals

Possibilities Potentials Proposals

Bot support P1: Collaborate with
cognitive aids to improve
the conference quality

Develop an AI recommender
system to support the
judge/moderator in real time

Human Bot Collaboration

Augmented & Virtual Reality P2: Include beneficial
parts of augmented reality
and virtual reality
technology

Use personalized avatars and
extended reality to improve
presence, nonverbal
communication, and
identification

Efficiency & Effectivity P3: Improve the efficiency
of meetings

Develop an AI recommender
system to support the
judge/moderator in real time

Relief P4: Provide relief to the
moderators

Simplification P5 Simplify the process
for moderators and
participants

To address these questions, we transform the challenges into concrete require-
ments that could guide the design of digital aids supporting virtual court sessions
and task fulfillment of court session leaders.

3 Step 2: Requirement Analyses and Connections
to Human-Computer Interaction

In the following step, we incorporated the challenges and possibilities identi-
fied through the review into a human-centered design process. We classified the
review results into four requirement categories: cognitive load, fatigue, modera-
tion, and judicial specifics (see Tables 1 and 2).

The judicial specifics and moderation requirements were derived from our
research insights detailed in Sects. 2.2 and 2.4, respectively. We decided to split
cognitive load and fatigue into two separate categories due to their specific chal-
lenges, which we previously discussed in Sect. 2.3; the two are granular enough
to not be summarized under the generic header of videoconferencing.

The requirements are continuously numerated and shortened to R in the
following section.

3.1 Requirements to Reduce Cognitive Load

The literature review revealed lacking attention management during video con-
ferences (e.g., [10]). Referring to the judicial context, R1 calls for judges to focus
on the essential parts of the conference. Distractions from less important parts or
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due usability issues should be avoided. Further, attention should be distributed
fairly among all court members.

Thus, R2 demands the involvement of less vocal members and the control of
dominant vocal members. Supporting judges in including all participants could
lead to increased fairness of proceedings. Ferran and Watts [11] showed that a
high cognitive load leads to preferring likeability over argument quality during
video conferences. However, reflective and central information processing is vital
to guarantee fair perception and judgment by judges.

R3 stresses increasing reflective management to avoid biased processing of
information.

3.2 Requirements to Reduce Video Conference Fatigue

The review revealed many factors increasing fatigue during video conferences
[11–14]. R4-R7 scope these factors. R4 calls for the reduction of mirror anxi-
ety and the management of self-visibility. R5 demands the reduction of hyper
gaze effects and the management of others’ visibility. R6 emphasizes increas-
ing the perceptibility of nonverbal cues. Finally, R7 addresses the reduction of
accumulated workload reported, particularly in work contexts [12].

3.3 Requirements to Improve Moderation Quality

Some of the following requirements can be seen as extensions of the require-
ments regarding workload and fatigue reduction (i.e., perception refers to R1,
and visibility refers to R4).

Since court session leaders carry a special moderation responsibility, improve-
ment of the moderation quality is addressed by R8-R10. R8 calls for unambiguous
participants’ identification and safe data processing.

R9 deals with increasing the sense of embodiment through the use of (photo-
realistic) avatars.

Finally, R10 scopes the communication process in general and demands fluent
and ordered trial communication.

3.4 Requirements to Consider Judicial Specifics

For a successful application in the domain of justice, we need to adhere to some
further requirements. First, it is essential to provide transparent information
about the system’s functioning (R11) and make it accessible for everyone, espe-
cially vulnerable people (R12).

R13 scopes the protection of citizens’ rights during a court session. The right
to be heard and have fair and quick proceedings under a competent judge has
been considered the most relevant [8,35,39].

Finally, as we have already mentioned, improving participation plays a huge
role in ensuring the fairness of proceedings (R2).
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3.5 Potentials to Improve Video Conferencing During Trials

Besides challenges, the review results reveal promising possibilities of using dig-
ital tools in the judicial context. We derived three central potentials pointing to
innovative concepts that might improve the quality of video conferencing systems
during trials.

Based on the results of Kim et al. [15] and Lee et al. [16], cognitive aids bear
promising features to improve conference quality (P1).

P2 refers to the beneficial aspects of augmented, virtual, and mixed realities.
For example, an avatar might enhance one’s sense of presence or one’s feeling of
embodied interaction with another human being.

In contrast to the results showing high cognitive load and fatigue during
video conferencing, researchers regarding e-justice generally point to advantages
stemming from more efficient processes through digitalization [4,5,35]. These
advantages helped us identify the opportunity to provide additional support to
participants for efficient court processes (P3).

Overall, through the requirement analysis, we transformed the identified chal-
lenges into eleven concrete demands for video conferencing design in the judicial
context. In the final step, possible solutions are implemented and evaluated in a
human-centered design cycle.

Since considering all requirements is beyond the scope of the present article,
the pilot solution focuses on improving attention management, reducing fatigue,
and increasing participation. The low-fidelity prototype contains unique video
conference settings and a cognitive aid realized through AI.

4 Step 3: Low-Fidelity Prototype and Heuristic
Evaluation of an Artificial-Intelligence-Based Cognitive
Aid Improving Video Conferencing During Trials

4.1 Conceptional Basis of the Prototype

Our low-fidelity prototype is based on the benefits of cognitive aids in general.
It pilots concepts of cognitive aids and settings to improve video conferencing
overall. It specifically targets the identified requirements in the judicial context.

Cognitive aids are external representations supporting mental processes dur-
ing complex or demanding tasks [22]. Typical examples are checklists, mnemon-
ics, or sensors. [22] classify cognitive aids according to the underlying cognitive
processes, such as attention, memory, perception, decision, and knowledge. They
also describe how these must be designed to support the corresponding cognitive
process.

While our initial literature review did not focus on cognitive aids, McLaughlin
and Byrne [22] and Chapparo et al. [23] can be referred to for recent reviews
on cognitive aids. We briefly highlight important aspects of cognitive aids here
to provide a good understanding of our solution. In only one reviewed study
was a type of cognitive aid introduced to increase discussion quality in video
conferences.
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Kim et al.[15] investigated the benefits of a moderation chatbot in a virtual
group discussion. The participants discussed social problems that none of them
was directly involved in. The bot was programmed to include the less vocal
people in the debate through explicitly addressing them and asking them for their
opinion. The study’s results show that the bot improved the discussion structure
through getting participants’ independent thoughts and different perspectives.
In addition, the bot helped reach an authentic depiction of the groups’ consensus,
increasing the group members’ subjective satisfaction.

Another study investigated the benefits of options for unique settings. Mir-
rorBlender allowed for dynamic repositioning and resizing of the video frames
in a shared space [10]. The participants could also blend virtual frames on top of
each other. This allowed them to accentuate one specific frame while overshad-
owing or hiding another to decide their current point of focus individually.

In addition, Grønbæk et al. [10] attempted to enable perspective taking in
the sense of “what you see is what I see,” intending to improve remote work
and make the collaborators aware of the virtual people they were interacting
with. Their study showed increases in the sense of embodiment, good attention
toward deictic gestures, and an inclusive collaborative experience. Especially, the
remote participants of the study were able to bring their attention to themselves
through manipulating the translucency, scale, and position of their video in the
shared space. Thus, the authors concluded that this kind of technology for hybrid
meetings could increase participation.

These studies hint at the potentials of cognitive aids and unique settings to
improve video conferencing experiences. Based on the European Commission for
the Efficiency of Justice’s (CEPEJ) groundwork, Hilgendorf [35] describes the
use of cognitive aids, with a focus on AI, in justice as a technical revolution that
should present a reflective evolution of the judicial system.

Nevertheless, while cognitive aids are pervasive in systems where safety is
critical, such as medicine or aviation [23], and show first promising results for
video conferences [15], no research (to the authors’ best knowledge) addresses
cognitive aids in video conferencing court sessions.

The analyses of requirements and potentials presented earlier provide many
hints for design features of such a cognitive aid or other unique settings options.
Thus, in designing our prototype, we utilized an AI-based cognitive aid to sup-
port the moderation quality. Besides, the unique settings provided by the video
conferencing system should improve participation and fatigue management.

4.2 Introduction of the Prototype

The prototype provides two views: the view of the participants and the view of
the moderator (i.e., the judge).

The participants get three options: they can request to speak, they can
request a break, and they can choose their self-view. Figure 2 shows the basic
functionalities of the participant view.

Slide “a” is the basic starting view with all the available functions when
none is activated. Slide “b” shows the view after the participant has requested
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Fig. 2. Paradigmatic screens from a participant’s point of view of the low fidelity
prototype. Please see the text for the detailed explanation.

to talk. Slide “c” displays the screen with an active request for a break made by
the participant. Finally, slide “d” shows the screen with both requests activated.

While in “a” and “b” the self-view is disabled, “c” and “d” show different
self-view options; “c” shows the self-view with full opacity, whereas “d” depicts
a self-view with lower opacity. The ability of participants to request to speak
and request a break should help improve both their participation and attention
management, respectively fulfilling R1 and R2, while the option to control their
self-view might help reduce mirror anxiety (R4). In combination, the available
functions should satisfy the need to protect special rights (R13) and help realize
the potential for improving the efficiency of and simplifying the process (P3).

The moderator can view the requests of participants, can choose options for
viewing themselves and others, and can additionally activate and deactivate an
AI-based cognitive aid. Figure 3 shows the basic functionalities of the moderator
view.

Slide “a” depicts the basic view, with the red-colored attention signs indicat-
ing participants’ requests to speak or requests for a break. Slide “b” shows the
same view with additional hints from the cognitive aid. These recommendations
can help support participation management. For example, blue speech bubbles
indicate that the corresponding participants should be involved in the discussion
more frequently. Slide “c” displays the possibility to mute participants. Finally,
slide “d” depicts the view when the cognitive aid is deactivated.

Again, in “a” and “b” the self-view is disabled, while “c” and “d” show
different self-view options; “c” shows the self-view with full opacity, whereas “d”
depicts the self-view with lower opacity. Similar to the participant view, this
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Fig. 3. Paradigmatic screens from a moderator’s point of view of the low fidelity pro-
totype. Please see the text for the detailed explanation (Color figure online)

interface tries to improve attention management (R1) and participation (R2)
through showing the speech and break requests from each participant.

Additionally, the display of the time passed since each request was made
should enable the moderator to prioritize the participation order. The AI-based
cognitive aid provides hints for the moderator based on an analysis of the speak-
ing time of each participant, recommending whom to include more actively in
the discussion through asking them to share their points of view (P1).

In the low-fidelity prototype, the AI was only implemented conceptually,
meaning that the options were merely depicted by symbols without actual func-
tionality. The moderators can also manage their own self-view to help reduce
mirror anxiety (R4). The interface attempts to provide innovative moderation
tools (R10), as well as protect special rights, through utilizing the cognitive aid
to reach a more equal distribution of speaking time across the board (R13) while
also improving the efficiency of the process and simplifying it (P3).

4.3 Heuristic Evaluation of the Prototype

Method. To evaluate the prototype, we conducted a heuristic evaluation with
a total of three HCI experts (two female). We followed the established procedure
[27], with slight adaptations according to our use case.

The experts first received basic information about the prototype’s goals and
were then instructed about their respective roles, starting with an evaluation
from a participant’s point of view. They then explored the prototype for 3 min
to form an independent opinion about it.

After the exploration, they reported on the functionalities of the prototype.
This process was followed by a structured discussion about the quality of inter-
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action with the prototype, the settings options, and the AI-based cognitive aid.
The question structure for the heuristic evaluation can be found in Appendix A.

Results from the Participant Perspective. The experts rated the display of
time passed since any request as valuable and good. The option to manipulate the
self-view through changing the opacity and/or turning off the personal camera
view was encouraged as well.

The icons were well received by and understandable to the experts, although
there were some criticisms about the choice of colors. One expert noted that blue
icons might not be suitable for some backgrounds due to visibility problems.

All experts agreed that the proposed settings options would be used and
should be retained. However, they also offered some recommendations.

When asked about the option to control other members’ camera views along
with one’s self-view, they agreed that it could improve the experience. One expert
mentioned that this functionality might be perfect for witnesses giving their
testimony, due to a reduced observer effect, which relates to R5.

Another idea forwarded by an expert was to allow the participants to sort
the windows of other conference attendees by relevance for themselves. They
shared that doing so might improve attention toward the more critical people in
the conference.

On being enquired about how the interaction with the AI could look from a
participant’s point of view, the experts unanimously agreed that the interaction
should not be direct but more in the form of nudges. They suggested visualiza-
tions for speaking time to encourage participants to speak by themselves instead
of being asked to speak.

Results from the Moderator Perspective. In terms of the moderator view,
most functions were well received and deemed necessary by the experts. They
focused mainly on the option of seeing the time passed since any attendee request
and the time passed since the last break, which they felt was essential. One expert
even suggested making this time always visible, regardless of whether the AI was
on or off.

However, there were some problems with icon comprehension, and the blue
speech bubbles visible in slide “b” of Fig. 3 were mistaken to indicate the mem-
bers currently speaking. Additionally, the “Hide” and “Mute” buttons appear-
ing on every camera panel were confusing. During an interaction, the two would
behave similarly (e.g., muting the attendee or hiding their camera), but one
icon was initially crossed out, and the other was not. One expert cited these as
counterintuitive and confusing during the review phase.

Most of the discussion, however, was centered around AI functionality and
control. The experts suggested thinning the design, since some buttons were so
similar or ambiguous that they were almost redundant, such as the Stop AI and
Stop Interaction buttons.

In addition, they agreed that the interaction should be nonintrusive. They
pointed out that the AI should not be overloaded with unnecessary functions
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so as to not distract the moderator and not do more harm than good regarding
their ability to concentrate on the essential parts of the conference.

One expert also encouraged enabling the AI to generate a post-conference
report detailing all the requests and hints made during the meeting. They pointed
out the possibilities that doing so might have for analyzing and improving remote
proceedings.

4.4 Updated Prototype

The feedback from the heuristic evaluation was incorporated in the updated ver-
sion of the prototype, which aimed to alleviate the inconsistencies and confusion
associated with the initial low-fidelity prototype.

Fig. 4. Paradigmatic screens from a participant’s point of view of the improved proto-
type. Please see the text for the detailed explanation. (Color figure online)

The functionality of the participants’ screen view was drastically increased,
with the options to sort by group and to show a diagram of the talking time
added.

Additionally, a green outline was added to indicate the current speaker, elim-
inating the confusion identified during the heuristic evaluation about who was
speaking. In the upper-right corner of the speaker’s window, their current talking
time is displayed.

Slide “a” depicts the base view showing all the buttons for the participant to
express themselves to the moderator or adjust their view. Slide “b” shows the
view of the participant who has faded the window of another conference attendee
using a slider for opacity adjustment. Additionally, the participant gets to see
their active request to talk.
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Slide “c” shows a functionality unanimously recommended by the experts:
the option of grouping participants by relevance. It also displays a small self-
view window of the participant on the left side of the green group. We used
color coding to distinguish between the moderators in our use case (i.e., judges)
and the two opposing parties. Red would always be used for the party opposing
the participant. Further, the view in slide “c” also shows notifications for both
active requests of the participant-to talk and to take a break.

Finally, slide “d” shows the diagram displaying the talking duration of all
conference attendees, which was suggested after the heuristic evaluation of the
initial prototype. The diagram also shows the average talking time and highlights
the talking time of the participant at the top.

Fig. 5. Paradigmatic screens from a moderator’s point of view of the improved proto-
type. Please see the text for the detailed explanation. (Color figure online)

In terms of the moderator’s view, the primary goal of the update was to
simplify the functionality as requested by the evaluating experts.

Slide “a” shows the basic overview with a drastically simplified interface for
control of the AI. According to the feedback, a continuous display of the time
since the last break was added for a better overview of the conference flow.
Additionally, requests made by participants are shown by red bubbles in the
left-top corner of their respective windows.

The view in slide “b” shows that the AI is deactivated, made apparent by
a pop-up notification signaling that the AI will not be able to interact with
the participants It also has the mute function on display which can be used
to forcibly moderate talking time. When a talking participant is muted, their
window does not have the green outline anymore.
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Slide “c” shows the small self-view window of the moderator and also the
activated hints in blue speech bubbles; an active-mic icon signifies that the par-
ticipant should be encouraged to talk, whereas a muted-mic icon indicates that
they must be encouraged to take a break as they are too dominating.

These hints are generated by the cognitive aid and visually represented for
the moderator to act upon them at their own discretion. As with the initial pro-
totype, the AI was included only symbolically to indicate its intended function
and use. The option to fade other participants’ windows, as in the participant’s
view, was included also in the moderator’s view.

Finally, the screen in slide “d” shows the option of kicking a participant from
the session, which was added considering the feedback. Kicking out a participant
will remove them from the live session until the moderator decides to let them
back in by explicitly confirming the same through another prompt.

4.5 Evaluation by End Users at a Law Symposium

The improved prototype was presented at the “Mensch-Recht-Digitalisierung”
symposium of the Higher Regional Court of Bamberg and the University of
Wuerzburg. After the presentation, which also included an overview of the work
done so far, the attendees of the symposium were given the opportunity to run
a test of the prototype and report their opinions, as well as to provide further
feedback for the next iteration, through unstructured interviews.

Being unstructured, the interviews had no guidelines [28]; rather, the atten-
dees were allowed to explore the prototype on their own, and the interviewer
initiated conversations and asked questions about what they were doing on the
fly.

In total, four attendees took the time to test the prototype thoroughly and
give their feedback. All of them reported that the prototype’s functionality was
understandable. They all approved of the newly added possibility to group the
participants. Three of the four attendees also wished for an option to resize and
relocate the windows of the participants in a way they saw fit. Two of them
recommended including this function for the moderator’s view too.

The ability to fade other participants’ windows was deemed a useful function
for the participants, but not so much for the moderator, since an overall view is
vital for a well-organized session.

The diagram showing the distribution of the talking time as a way to encour-
age more participation was not unanimously received well. Some thought the
diagram was too simplistic and not interactive enough. We received a suggestion
to improve the display of and add the sorting feature to the diagram as well,
so that one could see the participation of a particular group at a glance. Con-
current with the experts in the heuristic evaluation, one attendee shared that a
direct prompt from the AI asking participants to speak would be intrusive and
inappropriate. Another came up with an idea for the moderator’s view: enabling
the AI to present the moderator with an automatic list of bullet points of the
most important statements shared by the participants.
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5 Discussion

The digitalization of judicial systems gains increasingly in importance during
the coronavirus pandemic. The present work focuses on the most fundamental
change brought about by the phenomenon: the application of video conferencing
in court sessions. The use of video conferencing for court sessions has special
requirements adhering to democratic principles and constitutional rights.

In the present contribution, we addressed these requirements in three steps.
The semi-structured literature review (step 1) resulted in a list of challenges
and possibilities corresponding to the application of video conferencing in court
sessions. However, the review also revealed a lack of research in the field of jus-
tice; in general, too, empirical results quantifying anecdotal reports are rare. For
example, Fauville et al. [12] published the only study investigating the “Zoom
fatigue” phenomenon. Other articles describe challenges in terms of the moder-
ation quality in video conferences.

For example, El Ouary and Schreiber [17] share insights on problems associ-
ated with virtual moderation, but again, theirs is merely an opinion piece without
any empirical data. Moreover, key HCI methods (e.g., target group and context
analysis, iterative prototyping) to develop user-centered digital solutions have
not been applied so far. In this regard, in the present work, the review results
were analyzed to derive requirements focusing on court session leaders-judges.
Based on this analysis, we introduced a low-fidelity prototype for a virtual court
session with an AI-based cognitive aid and special settings options, aiming to
improve moderation quality while reducing fatigue and cognitive load. A heuris-
tic evaluation with HCI experts and domain experts underlined the goodness
of the basic ideas and elicited broad recommendations for improvements to the
prototype.

Some limitations restrict the contribution of the present paper. First,
although during the evaluation the HCI experts hinted at some usability and
user experiences problems, the target group might indicate different issues. Due
to the contact restrictions in Germany, an evaluation with the target group
could only be done with few domain experts (judges). Further, the pilot pro-
totype addresses only some of the identified requirements, whereas the analysis
revealed many potentials; in this regard, future studies can explore different
possibilities to improve virtual court sessions. Finally, the low-fidelity prototype
only simulates the functions.

The interaction experience and evaluation of the AI-based cognitive aid might
be different for prototypes that are further developed. In this regard, a new
HCI approach called eXtended AI [29] proposes using extended realities (e.g.,
virtual reality) to simulate digital interactions more realistically. Thus, future
researchers might implement a virtual simulation of such prototypes to investi-
gate their feasibility more vividly. A virtual simulation will also enable showing
the demonstrator in a court session environment during remote user testing.
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5.1 Conclusion

In this paper, we first analyzed the challenges and potentials of video conferenc-
ing in court sessions and derived requirements from an HCI perspective. Then,
we addressed the requirements using a pilot prototype including an AI-based
cognitive aid and unique settings options. Thus, we have shown one potential
avenue to improve the modernization process of the judicial system in Germany.
Furthermore, as video conferencing gains in importance in many contexts, the
analyzed challenges and potentials are not limited to the field of justice; they
could be transferred to a wide variety of fields, from public services to e-learning.

A Appendix A: Evaluation Questions

Part 1: Participant

Introduction to the mindset of a participant in a virtual court session

– Context, Perspective...

Review

– What functions did the prototype have?
– What did you do/What could you do?

Discussion

Usage

– Could you imagine using any functions and why or why not?
– Request to speak, Request a break, Self View...

Self View

– What did you think of the possibility to manipulate your own video feed?
– What did you think about the small size of your own video feed?
– What kind of impact would this have on your ability to focus?

AI

– How would you imagine your interaction with the AI?
– What would be important for you in an interaction with the AI?
– How would you want the AI Interaction to look and feel?

Icons

– Were the icons understandable for you?

Misc.

– Any other things you want to say?
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Part 2: Moderator

Introduction to the mindset of a moderator in a virtual court session

– Context, Perspective...

Review

– What functions did the prototype have?
– What did you do/What could you do?

Discussion

Usage

– Could you imagine using any functions and why or why not?
– Start/Stop AI, Stop/Activate Hints, Mute, Self View...

Self View

– What did you think of the possibility to manipulate your own video feed?
– What did you think about the small size of your own video feed?
– What kind of impact would this have on your ability to focus?

Interaction

– What did you think about the interaction with the AI?
– Is there anything that you feel is missing from the current AI design?
– Would you use the AI? Why/Why not?

Icons

– Were the Icons understandable for you?

Misc.

– Any other things you want to say?
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38. Libre Research Group: e-Justice. https://libreresearchgroup.org/en/a/e-justice.
Accessed 17 Dec 2021

39. Kuch, D.: Recht auf den gesetzlichen Richter (Art. 101 Abs. 1 S. 2 GG). JURA-
Juristische Ausbildung 42, 228–238 (2020)

40. Glunz, B.: Psychologische Effekte beim gerichtlichen Einsatz von Videotechnik:
eine empirische und rechtsvergleichende Untersuchung zum US-amerikanischen,
australischen und deutschen Zivilprozess, Mohr Siebeck (2012)

http://arxiv.org/abs/2103.15004
https://www.baden-wuerttemberg.de/de/service/presse/pressemitteilung/pid/videoverhandlungen-und-digitalisierungsschub-fuer-die-justiz/
https://www.baden-wuerttemberg.de/de/service/presse/pressemitteilung/pid/videoverhandlungen-und-digitalisierungsschub-fuer-die-justiz/
https://www.baden-wuerttemberg.de/de/service/presse/pressemitteilung/pid/videoverhandlungen-und-digitalisierungsschub-fuer-die-justiz/
https://www.bakermckenzie.com/-/media/files/insight/publications/2021/01/future-of-disputes-campaign-brochure.pdf
https://www.bakermckenzie.com/-/media/files/insight/publications/2021/01/future-of-disputes-campaign-brochure.pdf
https://www.bakermckenzie.com/-/media/files/insight/publications/2021/01/future-of-disputes-campaign-brochure.pdf
https://www.supremecourt.vic.gov.au/law-and-practice/virtual-hearings
https://www.supremecourt.vic.gov.au/law-and-practice/virtual-hearings
https://www.ncsc.org/newsroom/public-health-emergency/newsletters/videoconferencing
https://www.ncsc.org/newsroom/public-health-emergency/newsletters/videoconferencing
https://www.sueddeutsche.de/bayern/justiz-muenchen-immer-mehr-digitale-gerichtsprozesse-dpa.urn-newsml-dpa-com-20090101-201215-99-698932
https://www.sueddeutsche.de/bayern/justiz-muenchen-immer-mehr-digitale-gerichtsprozesse-dpa.urn-newsml-dpa-com-20090101-201215-99-698932
https://www.sueddeutsche.de/bayern/justiz-muenchen-immer-mehr-digitale-gerichtsprozesse-dpa.urn-newsml-dpa-com-20090101-201215-99-698932
https://libreresearchgroup.org/en/a/e-justice


Scene Design of Virtual Singing Bar Oriented
to Metauniverse

Xin Zhou, Nuoya Fang, and Zhongwei Gu(B)

Shanghai Dianji University, Shanghai, China
zhao_young9468@163.com, 1443407485@qq.com, zwgu@qq.com

Abstract. Karaoke is an important part of human music and entertainment nowa-
days. Facing the continuous development of Internet technology, the traditional
offline KTV industry has been devastated by the impact of the global new crown
epidemic, and the malpractice of online K-song platform development model is
becoming more and more severe. In this paper, the advantages and disadvantages
of online and offline karaoke service are studied, and the virtual reality technol-
ogy is combined to develop the virtual karaoke bar system design based on the
metauniverse. The scene design and function mapping of the system are given. In
the following research, the system will be further studied, extended and applied.

Keywords: Metaverse · VR · Online karaoke

1 Introduction

Throughout history, music has been an important tool for human beings to reflect real
life and emotional concepts. Whether in ancient times music can be used as a signal of
hunting, ameans ofwar and diplomacy in theMiddleAges, or a tool of entertainment and
emotion of modern people, all reflect the indispensable position of music in human life.
With the development ofmodern humanmaterial civilization life, people’s entertainment
life continues to flourish, music entertainment application scenes are also growing, and
KTV is one of the important scenes.

With the development of Internet technology, online karaoke has been realized.
Online karaoke software mainly focused on song recording has caused a huge impact on
the offlineKTV industry,meeting the needs ofmore userswho are not limited to the scene
and time of karaoke. And since 2019, Under the impact of the new coronavirus (COVID-
19) epidemic on the global real economy, the traditional offline KTV industry is hard to
escape, and people’s demand for online entertainment, such as karaoke, is even stronger
when their own movements are limited. In 2021, the first year of the metauniverse, the
demand for virtual entertainment industry from both the industry and consumer point
of view has greatly increased. At present, VR applications are mainly concentrated in
the game industry, culture and education, etc. Starting from VR karaoke in emerging
markets and people’s expectation for the launch of online karaoke VR video content,
this study plans to develop and design music entertainment scenes based on karaoke
combined with virtual reality technology.
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The application system covers a variety of functions and scenes, which can meet
people’s needs for VR karaoke in many aspects. In addition to recording songs, users can
also enjoy VR music video, VR shopping experience, “meta-universe” VR concert and
online friends and other functions, so that users can enjoy high-quality virtual karaoke
experience. In this way, while meeting the needs of current karaoke users, the innovation
of enterprises and the development of VR industry have brought a good power.

2 Project Contexts

2.1 Metaverse

Domestic Background. On August 29, 2021, the media reported that Yiming Zhang
would invest 1.5 billion DOLLARS (about 9.6 billion YUAN) to acquire “Pico”, a
MANUFACTURERofVRhardware and software [1];OnSeptember 16, 2021,Tsinghua
University released the first metauniverse report in the academic world: Research Report
on the Development of the Metauniverse in 2020–2021 [2]. On November 11, 2021,
the unveiling ceremony of China Mobile Communications Federation Meta-Cosmos
Industry Committee (hereinafter referred to as “Meta-cosmos Industry Committee”)
was officially held [3]. OnDecember 27, 2021, Baidu Create (AI Developer Conference)
was held in Creator City APP. It is known that this is the first conference held in the
meta-universe in China, which can accommodate 100,000 people interacting with the
screen at the same time [4]. On December 30, 2021, Shanghai municipality issued the
“14th Five-year Plan for theDevelopment of Shanghai Electronic Information Industry”,
laying out the meta-universe [5].

Foreign Background. InMarch 2021, Roblox, “the first stock of ‘meta-universe’”, was
officially listed on THE New York Stock Exchange. The share price rose from $45 to
$70 on the day of listing, and the total market value is nearly $45 billion [6]. In April
2021, Epic Games, the world’s leading 3D engine technology provider, completed a $1
billion financing with a post-investment valuation of $28.7 billion. The financing will be
mainly used for the company’s development and metauniverse-related development [7].
The rapper Travis Scott is valued at $28.7 billion globally by Epic Games. The company
has announced that the funding will be used primarily for growth and development
of the metauniverse, following Fortnite’s virtual concert, which was watched by 27.7
million people. On October 28, Facebook officially changed its name to “Meta” (from
Metaverse, meaning the metauniverse), which means that it has made a radical bet on
the metauniverse [8]. In November 2021, The Seoul Municipal Government of South
Korea recently released the Five-year Plan of Meta-cosmos Seoul, announcing that from
next year, it would create a meta-cosmos administrative service ecology in all business
areas of the municipal government, including economy, culture, tourism, education and
letters and visits in three stages [9]. Late On Jan. 18, Microsoft (MSFT.O) said it would
buy Activision Blizzard (ATVI.O) for nearly $70 billion in cash, making it the world’s
third-largest gaming company by revenue [10].

2021 is known as the first year of the Metaverse, a concept first described in Neil
Stephenson’s 1992 science fiction novel Avalanche: “Just put on your headphones and
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goggles, find a terminal, by entering another three-dimensional reality simulated by a
computer. Everyone can have their owndoppelganger in a virtual space parallel to the real
world. The similar concept first appeared in China on November 27, 1990. Qian Xuesen
mentioned in his letter to Wang Becoming an academician that “Virtual Reality” was
translated as “Lingjing” in Chinese. RMB current understanding of the universe is not
a generally accepted conclusion, this study combining previous [11, 12] point of view,
and believe that the universe is a collection of Internet, virtual reality, chain blocks, and
artificial intelligence and so on the underlying technology support, in the real world of
human can use information and communication technology and intelligent equipment
into a virtualized dressing society, This virtual society originated from the real world,
gradually improved parallel to the real world, and eventually developed to a certain
extent beyond the real world.

2.2 Virtual Singing Bar

Currently, successful VR music apps in the market include Rhythm Lightsaber, WAVE
and Epic Games’ Fortnite virtual music performance service, etc., while there are no
successful VR karaoke apps.

3 Scene Design

See Fig. 1.

Fig. 1. Scene design of the virtual singing bar

3.1 The First Scene: The Main Page

Scene Picture. After entering theAPP, themain interface is a spaceshipmodel, inwhich
the character is placed in the spaceship. The headphone with the head display plays the
guiding voice “Welcome to the universe of play, we are about to start a new journey,
please select the planet to which the spaceship will sail”. At this time was the user
interface is the spacecraft operation room control panel and the back of the windshield,
look out through the windshield, is A dark color of the universe, the universe in the
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middle of two planets, respectively is A planet A planet (life), planet B planet (dc), users
can handle button control central screenwant to heading to the planet, And then the scene
on the outside of the windshield changes, showing the dynamic effects of the spacecraft
flying in space and showing the process of heading to the stars. In addition, there is a
mechanical door behind the figure, and behind the door is the living cabin,which contains
holographic communicator, record display table, wardrobe and mirror. The living cabin
is the “my” part of the main carrying functions, corresponding to “message”, “work”,
“character image” and other functions.

Process. Select the planet you need to enter through the spacecraft handle, and show the
process of the spacecraft flying to the planet through the dynamic effect of the spacecraft
moving and the vibration of the handle, so as to improve the user’s experience.

The head display can capture the user’s turning around, turning the head and other
movements through the sensor to call up the page of the living cabin.

The Event

1. Avatar’s travel to a virtual planet
2. The movement of virtual characters between spacecraft operation rooms
3. Virtual characters change virtual clothes, play music and communicate with their

friends in the virtual world by hologram in the living cabin

Mode operation is mainly realized by external handle device operation.
Operation through the joystick on the handle to control themovement of the character,

confirm the key to return.

Dynamic Effect. There is a dynamic effect of spaceship flight in the process of space-
ship to the planet; When the user opens the door of the living room, there is a dynamic
effect and sound of opening themechanical door of the spaceship. The lights in the living
quarters change from dim to bright; When your hologram a friend, the monitor displays
an avatar of that friend.

3.2 Other Scenarios: “My Living Quarters”

Scene Picture. The user unbuckled his seat belt and descended from the pilot’s seat
of the spacecraft into the living quarters behind the cockpit. Users are free to decorate
the capsule, such as setting up a phonograph TV to play songs or music videos they
have recorded. Organize your closet to see what your avatar is wearing. Click on your
computer to view your shopping history, friends list, etc. Music equipment display
cabinet to display their own handle microphone and head display equipment. Later,
you can invite friends to visit the living cabin and enjoy “listening together” and other
functions.

Process. Users log in to the APP, put on the display, enter the “My” interface, and
choose to view and edit related content.
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The Event. View the user home page

Free scene design of user’s living cabin

Way. The head motion capture is realized by wearing the display, and the hand motion
capture is realized by infrared sensor.

Operation. Put on the title and enter the VR scene
More actions and functions are available on the gamepad

Experience. Review the recording work
The experience of dressing up your virtual character.

3.3 The Scend Scene: Music Planet

General Scene Screen. The user from the main interface using the spacecraft handle
click into the “play planet”, the spacecraft will enter the planet. Users arrive at the planet,
exit through the ship’s hatch, and land in the central square of the recording planet. The
main colors of the four recording buildings are based on the combination of Thayer’s
emotional model and Eton’s 12 color ring, expressing calm and sadness through low
energy green and blue. High energy red and yellow to express vibrant, enthusiastic
musical mood. Users freely choose to enter the building through the handle operation
(Fig. 2).

Fig. 2. The combination of Thayer’s emotional model and Eton’s 12 color ring

Other Scenarios: Karaoke Room. Scene Picture. Users can use the note conveyor
belt to go to the solo room, choir room or concert hall. The basic structure of the
solo studio is a recording studio structure. Users select sound songs through the virtual
karaoke platform. Before recording, the central control screen will pop up the selected
songs for special effects selection.

The basic structure of the chorus room adopts the physical KTV layout. When
entering the chorus room, users can choose the mode by operating the central control
screen through the handle, and create their own karaoke room or enter the fully open
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chorus room. After entering, you can communicate with chorus objects through virtual
communicator, and finally complete chorus recording.

The basic structure of the concert hall adopts the structure of the theater. Users can
make a reservation in advance before entering the concert hall. The system will push
the arrangement of the guests of the concert hall to subscribers at the scheduled time, so
that other users can sign up for the concert. After entering the concert hall, users operate
the handle to select seats, and can adjust the volume and light freely after sitting. Users
can choose to quit halfway or quit the venue after the performance.

Process. Click the APP icon to enter the home page of the application -- user login --
put on the headset, configure the microphone -- select the recording room -- select the
song sound through the virtual song selection platform -- enter the VRmv experience
-- complete the song selection, complete recording or re-recording/exit the mode at any
time if the concert hall is finished or not.

The Event. User movement on the surface of the planet and inside the building
User’s song recording
User’s K song mode selection
Experience the VR mv
VR recording experience
Users enjoy the performance experience of virtual concerts

Way. Click the APP interface to select
Wearing head display, handheld microphone type handle operation
Wearing the head display to enter the recording mode, the handle to select the song

recording platform volume, sound effects, microphone for singing.

Dynamic Effect. Dynamic music, for example, gives people the feeling of shaking and
swaying

Sound 3D Surround
Representation of entities in VR MV

Experience. Achieve mv scene reproduction
To the user immersive, place yourself in the sense of reality

Scene: Concert
Scene Picture.After landing on the planet, users first arrive at one of the concert venues
- the central square. The central part of the square will set up the music works of
users of the platform or the concert arrangement information of users to be held on the
suspended central control screen, including time, place and price, etc. Users can reserve
the virtual concert venue in advance before the concert. The systemwill push the concert
arrangement to subscribers at the scheduled time, so that other users can sign up for the
concert. At that time, large or small concert venues will be allocated according to the
number of participants.

The concert venue adopts the mode of performance stage + audience seats, mostly
set in the square around the building. Singer users can choose the lighting and atmosphere
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of the concert in advance. The personal image of the singer user will be ten times larger
than that of the audience during the performance. The character image will be gradually
enlarged during the process from backstage to the stage through the Avenue of Fame,
until the singer user reaches the stage and reaches the maximum size. In the auditorium,
the audience can send voice support in real time, or wave the handle as a support stick
during the concert. Whether the audience user can open the mic and sing together with
the singer user can be operated by the singer user’s handle.

Process. Users will need to make an appointment ahead of time, when opening concert
appointment to choose the type of a good concert, lighting pattern, the theme of the
concert and other relevant information, and then system robot will push for a particular
user (including personality algorithms recommend the target users and the singer fan),
it will also put the concert hall on the big screen. Count the size of the audience the day
before the concert and assign the concert hall. In a concert, the singer comes to the front
stage from backstage and can start the concert directly.

The Event

1. Singer users hold concerts online
2. Audience users participate in concerts and provide assistance

Way
The singer user sings through the handset’s microphone.

Audience users can press the “Pick up” button on the back of the handle to grab and
wave the virtual props they have purchased to participate in the concert interaction.

Operation
Experience the scene and lights of the concert by wearing a headset, and sing and help
with a microphone.

Dynamic Effect
The singer plays a section of starlight channel from the background to the front stage,
and the concert scene plays the lighting effect. The audience user can play the assisted
dynamic effect by pressing the button.

3.4 Scenario 3: Living Planet

Scene Picture
In the main interface, the user controls the spacecraft to the “living planet” by manipu-
lating the virtual central control screen through the handle. The spacecraft then enters
the planet. The user can experience the acceleration of the spacecraft, accompanied by
the roaring sound of the spacecraft engine in his hearing.
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Upon arrival, users will see a variety of shopping mall buildings, crowdfunding hall
display outside (refer to business district buildings), and users will feel the prosperity of
the metauniverse world. Enter the crowdfunding hall from the gate on the first floor of
the mall, and the large screen will display the weekly crowdfunding songs and display
the virtual music video effects of the songs. You can choose to enter the second-hand
trading market on the second floor or the system mall on the second floor by the handle
operation and instant movement. In the future, the mall will continue to expand and
develop the music tour city.

Users can experience a completely different style from the ultra-modern style of
the whole meta-universe when entering the second-hand market on the negative floor,
and fully appreciate the excitement of the market and the happiness of trading and
social interaction. Users can choose shops and build their own shops according to their
preferences, and “say hello” to virtual users of other users through the handle for second-
hand trading and making friends.

After entering the system mall on the second floor, users can see endless display
cabinets. Users can choose the products they are interested in through the handles,
including themicrophone handle independently developed by the company, head display
andother products jointly signed byothermerchants and brands (virtual dress, etc.).After
the user selects, the product will be displayed to the user for viewing through a large
screen VR, and the user can freely choose to buy.

Process
Users log in the APP to enter the home page -- wear the display -- select the virtual
image -- enter the living planet -- select the mall with the handle -- conduct virtual VR
transactions.

The Event
User’s shop, second hand transactions

User movement
User voice communication

Way
Wearing the head display into VR, handle operation, use virtual image free trade display
screen.

Operation

1. Users make shopping choices by using the handle, and instant logistics service will
be provided upon placing orders

2. In the second-hand tradingmarket, users use virtual images to trade andmake friends
3. Voice communication is realized through microphone transmission when making

friends and trading, and body interaction is realized through external device head
display

4. Users canmove freely on the living planet through the eight directions of the joystick
(see the hardware microphone diagram for details)
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Dynamic Effect

1. Dynamic effect of 3D large-screen display of commodities during crowdfunding
2. The action state and sound effect of the user’s virtual character when moving
3. Voice and sound effects when making friends (3D surround, etc.)

Experience. Users’ real shopping experience can enjoy a social atmosphere (Fig. 3).

Fig. 3. Functional mapping of the project system

The virtual singing bar project has four main functions, namely VR vision, karaoke
function, social function and motion capture.

VR visual function is the core of this project. VR music video is the key to improve
users’ visual experience during karaoke, realize the leap from the traditional two-
dimensional plane to three-dimensional, andmake usersmore immersed,more enjoyable
and better experience quality during karaoke.

Motion capture function, through the head display and external equipment to identify,
capture and record the user’s physiological movements, making the user’s karaoke more
playable; Richer interaction mechanisms; With the presentation of action, the content of
VR music works can be further enriched.

Karaoke function is the central event of the project, and all other events revolve
around karaoke. Karaoke song request, recording music post processing and production,
and VR music video editing are the core of user content creation.

Social function, through the likes/rewards, transactions and greetings/voice
chat/virtual contact, human-computer interaction, connect VRmusic world of all virtual
characters, forming a virtual society.

The Research Conclusion. Based on the domestic and foreign research on the meta-
universe and virtual singing bar, this paper summarizes and thinks about the existing
literature, and puts forward the design of virtual singing bar system based on the meta-
universe. The scene design and function map of the system are described. Whether from
the current economic development situation or market demand, the application of virtual
singing bar system based on the meta-universe is very extensive.

The construction of a virtual singing bar system based on the meta-universe can
greatly meet people’s demand for online karaoke VR video.

Through the construction of the virtual singing bar system based on the meta-
universe, it can break the status quo of online karaoke platform being single and
stereotyped, and bring application innovation.
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The construction of virtual singing bar system based on the meta-universe can create
new profit points and boost economic growth during the popular period of the meta-
universe.

By constructing the virtual singing bar system based on the meta-universe, it makes
up the gap in the previous field and creates a new research field, which provides a
reference for future scholars.
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Abstract. The purpose of this study is to investigate factors that influence learn-
ers’ intention towards accepting online learning tools before and after Covid pan-
demic in different learning environments. A total of 350 sample collected prior
to Covid pandemic in Malaysia whereas 627 sample collected at post Covid pan-
demic in China. UTAUT model and TAM served as the frameworks whereas
PLS-SEM was used for data analysis. The findings disclosed that both Perfor-
mance Expectancy and Effort Expectancy have positive relationship with stu-
dents’ Behavioral Intention of accepting online learning tools in the Malaysia’s
study before Covid pandemic under the blended learning environment. However,
the effect size (f2) of Performance Expectancy is small (f2 = 0.020), and Effort
Expectancy has no effect (f2= 0.015) in predicting Behavioral Intention in adopt-
ing online learning tools. While comparing to another similar study conducted
in China after covid pandemic in the mobile learning environment, Performance
Expectancy (perceived usefulness) has large effect size (f2 = 0.403), and Effort
Expectancy (ease of use) has medium effect size (f2 = 0.241) on students’ adop-
tion of online learning technologies. By comparing results of the two studies,
the effect size of Performance Expectancy increased from small to large effect,
while Effort Expectancy increased from no effect to medium effect. This shows
that the widespread of Covid pandemic has impacted the learning approaches
in education institutions likewise the perception of students towards technology
acceptance. Importance-performance matrix analysis was used as a post-hoc pro-
cedure to measure the importance and performance of the exogenous constructs
for both studies.

Keyword: Technology acceptance · Adoption · Blended learning ·Mobile
learning · TAM · UTAUT · Pandemic

1 Introduction

With the advanced in the web technology, education institutions have taken the oppor-
tunity to opt for blended learning approach to enrich students’ learning experience [1].
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Blended learning integrates conventional classroom learning and online learning where
learning and teaching is no longer confined to classroomwhen technologies open up new
innovative ways [2]. This helps to overcome some limitations of face-to-face classroom
learning where learning can still be continued at different time and space [3, 4]. Different
definitions of blended learning have been used in the previous literatures. Past studies
have shown that the applications of blended learning are increasing, yet its true potential
has not been fully utilized to support learning process [5, 6]. Majority of the institutions
of higher learnings (IHLs) used LMS as a complementary online learning tool to support
teaching and learning in a blended learning environment. Furthermore, most of the phys-
ical classes were still be conducted prior to covid pandemic occurred. Students were not
mandated to adopt full online learning by most IHLs particularly in developing coun-
tries. However, with the strike of highly contagious virus – covid 19 around the globe
since early 2020 which resulted countries gone into lockdown. Students unexpectedly
found themselves struggling to accommodate to a full online learning environment in
which physical classroom was not made available to them in addition to not meeting
their course-mates and instructors in person [7]. In spite of the fact that some students
might have experience with a blended learning environment before, a complete online
learning environment was deemed entirely new to many [7]. As technology continues
to evolve, students learn not only through face-to-face, and computer mediated tools but
also increasingly throughmobile-learning orm-learning [10]. Hence, the objective of the
study is to compare technology acceptance behaviour before and after covid pandemic
happened in different countries with different learning environments among students
in IHLs. According to [11], majority of the research on blended learning have been
on individual country and rarely researched on a cross country comparison. Therefore,
by having cross country comparison will enable individual countries to learn experi-
ence from another country. In response to the call by research scholars, two countries
namely Malaysia and China were chosen as the target location of this study in view
of these nations are belonged to developing nations with latter emerged as an interna-
tional higher education hub particularly with rapid advancement in wireless technology
in recent years. This study aims to address a research question: What are the differences
in terms of factors affecting technology acceptance before and after pandemic happened
among students when learning landscape has drastically changed? These insights can
be very useful for IHLs and academic practitioners to better create the learning context
to meet the needs of diverse students transit smoothly from one learning environment to
another.

2 Literature Review

2.1 Theories in Technology Acceptance

According to the Technology AcceptanceModel (TAM), an individual behavioral inten-
tion to use an information system or technology is decided by two important features
namely perceived usefulness (PU) and perceived ease of use (PEOU) [8, 9]. PU can be
explained as the degree of an individual believes that using an information system or
technology will improve his or her job performance. PEOU refers to the degree of an
individual believes that using an information system or technology will free him or her



Technology Acceptance Before and After Covid Pandemic 121

from hassle or with less inconveniences [12]. However, TAM has its weaknesses such as
not being able to provide sufficient insight into individuals’ perspective of novel systems
and fail to consider the relationship between usage attitude and usage intention [10].

To address TAM limitations, the Unified Theory of Acceptance and Use of Technol-
ogy (UTAUT) model was introduced in 2003 by Venkatesh and associates [14] which
combined alternative views on user and innovation acceptance from eight established
models/theories. The theory of UTAUTwas validated by Venkatesh et al. [14] in a longi-
tudinal study. Without doubt, it is considered a well-developed and updated technology
acceptance model. Moreover, it is widely used in the education research [15–17] besides
examining technology acceptance for organization settings.

UTAUT is capable of carries a 70%explanatory power in determiningusers’ intention
to use information technology [14, 18]. In this study, we adopted four major constructs
from the original UTAUT Model: performance expectancy, effort expectancy, social
influence, and facilitating conditions and also includemoderators such as age andgenders
to assess students’ intention to use online tools for learning in the Malaysia study [19].

It is interesting to note that there are some similarities between TAM and UTAUT
models. Performance Expectancy in UTAUT model has quite similar meaning to the
term perceived usefulness in TAM model, while Effort Expectancy in UTAUT model
has similarmeaning to the term perceived ease of use in TAMmodel [20].Moreover, [21]
reported that Performance Expectancy and Effort Expectancy are essentially Perceived
Usefulness and Perceived Ease of Use in their paper. Mobile Technology Acceptance
Model (MTAM) has been recommended by [22] in recent years as they argue that the
model fit better for the mobile environment as compared to the previous technology
acceptance models or theories. The features of Usefulness and Ease of Use has also
been incorporated into the said model.

2.2 Technology Acceptance in Blended Learning Environment–Before Pandemic

Many research studies have reported on blended learning since it flourished for nearly
two decades [23]. According to [11], blended learning involved a paradigm shift from
instructor-centric to student-centric where students become active and interactive learn-
ers in the learning process. This means students will engagemore responsibilities in their
learning with the help of learning system provided by the universities. Explained by [1],
blended learning basically refers to the mixture of conventional classroom learning and
e-learning, where the approach for blended learning is”based on formal or informal,
scheduled or self-paced physical class-based or virtual learning environment designed
for students”. Scholars have warned that by merely incorporating online features to
replace classroom experience will not meet learners’ need and such action may even
lead to unexpected failure [12, 24]. Thus, it is important to examine factors that may
impact technology acceptance among students in a blended learning environment. Tech-
nology acceptance is defined as “the willingness of an individual to adopt the use of
technology for facilitating task performance based on the support it was designed to
provide.” [17]. [25] conducted a study on the continued usage intentions of a web-based
learning management system in Tanzania using UTAUT model and the results showed
that performance expectancy was a strong predictor. This indicates that learners with
high performance expectancy is more likely to use online tools in the blended learning
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environment than learners with lower performance expectancy. In other words, learn-
ers are willing to adopt online technology because they perceived this will improve
their learning performance. Similarly, effort expectancy also predicted continued usage
intention of the online tools [25].

2.3 Technology Acceptance in Mobile Learning Environment – After Pandemic

Government around the globe have responded to the Covid pandemic crisis by issuing a
public health order that include social distancing, isolation, and self-quarantine [17, 26].
In viewof the health hazard situations, education institutions need tomake drastic change
by shifting conventional teaching and learning or even blended learning modes to full
online almost overnight. Fortunately, technology allows education continues to operate
even during the lockdown period. With the advancement in mobile technology, students
can access learning material via mobile devices such as smart-phone and tablet. Mobile
learning (m-learning) is a critical aspect of digital education, and so its acceptance and
adoption generates great interest to stakeholders [10]. Nevertheless, recent studies [34,
35] have revealed that using mobile learning as one of the online learning platforms has
not received high usage by students at IHLs. Thus, researchers have called to examine
comprehensively the critical factors that may affect university students’ acceptance of
m-learning [10]. It is interesting to note that IHLs inChina have introducedmandatorym-
learning courses which provide an alternative way for students to learn without attending
physical classes during covid pandemic [13]. It is not easy to explain the acceptance of
m-learning from student’s point of view when such practices are the only choice under
the impact of covid pandemic [13]. The empirical studies conducted by [27] during the
university closure as a result of COVID pandemic revealed that perceived usefulness
becomes less vital features for students to decide to use the technology when limited
choices were made available to them. The non-significant effect of perceived usefulness
towards behavioural intention shows that resistance towards new technology may not be
as important as it was before [27].

3 Research Methodology

For Malaysia study, hard copy questionnaires were distributed in classes of the three
diploma programmes in one of the private universities in Malaysia in June 2019, before
covid pandemic. Prior to distribution of the questionnaires, researcher had obtained
permission from the principal of the University. The duration of the data collection
was two weeks. The questionnaire consisted of two sections. Section A asked three
demographic questions. Section B focusses on the UTAUT constructs – performance
expectancy, effort expectancy, facilitating conditions, and social influence, which may
have an influence on behavioural intention to use online learning tool. The items used
to measure the constructs were derived from past studies to ensure content validity. We
have refined the questionnaire to suit the context of the current study. Each statement
used for Section B was presented on a five-point Likert scale question ranging from 1
(“strongly disagree”) to 5 (“strongly agree”).

For China study, it is based on the empirical study conducted by [13] during post pan-
demic. This study used an online self-administered questionnaire survey. Respondents
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are students from universities in China. Main constructs of TAM such as usefulness and
ease of use were included in the questionnaire and measure using the seven-point Likert
scale question ranging from 1 (“strongly disagree”) to 7 (“strongly agree”).

4 Data Analysis – Malaysia Study

4.1 Demographic Characteristics

Table 1 shows the demographic profile of respondents for the Malaysia study. A total of
350 responses were received from students. No missing data or outliers were found. In
general, we received slightly more responses from female students (53.14%) than male
students (46.86%). Most of the students were between 18–20 years old (89.43%), which
covers the main age group of students who are pursuing Diploma studies in university.

Table 1. Demographic profile of respondents

Characteristics Number Percentage (%)

Gender Male 164 46.86

Female 186 53.14

Total 350 100

Age 17 6 1.71

18 87 24.86

19 157 44.86

20 69 19.71

21 17 4.86

22 8 2.29

23 2 0.57

24 2 0.57

Others 2 0.57

Total 350 100

Programme Diploma in Business Administration 231 66.00

Diploma in Information Technology 71 20.29

Diploma in Hotel Management 48 13.71

Total 350 100

Semester of study Semester 1 126 36.00

Semester 3 70 20.00

Semester 4 118 33.71

Semester 6 36 10.29

Total 350 100
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More than half of the students (66%)were studying Diploma in Business Administration
programme. Subsequently, 56% of the students were in Year 1 study (semester 1 and 3),
44% of students were in Year 2 study (semesters 4 and 6).

4.2 Outer Measurement Model Analysis

The objective of measurement model evaluation is to examine reliability and validity
of measurement instruments used in this research. After conducting the analysis, we
decided to delete the items of FC4, SI1 and SI2 as the outer loadings are lower than
0.708 (FC4: 0.463; SI1: 0.578; SI2: 0.576). As mentioned by [28], not more than 20% of
the items can be deleted until the satisfactory value of AVE has achieved. After deleted
these 3 items, the result shows all constructs have met satisfactory level of CR result
of higher than 0.7, and AVE result of higher than 0.5, based on threshold indicated by
[28]. Next, most of the outer loadings are higher than 0.708, except PE2 (0.682) and
FC3 (0.690). However, based on [28], loadings lower than 0.708 can be kept if the AVE
result is higher than 0.5. Hence, we decided to keep these two items. Table 2 showed
internal reliability of consistency and convergent validity have therefore been verified.

Table 2. Loadings, composite reliability and average variance extracted.

Latent construct Items Loadings Composite Reliability
(CR)

Average Variance
Extracted (AVE)

Performance
Expectancy
(PE)

PE1 0.804 0.852 0.592

PE2 0.682

PE3 0.834

PE4 0.747

Effort
Expectancy
(EE)

EE1 0.700 0.832 0.554

EE2 0.701

EE3 0.808

EE4 0.762

Social
Influence
(SI)

SI3 0.808 0.847 0.735

SI4 0.903

Facilitating
Conditions
(FC)

FC1 0.834 0.844 0.646

FC2 0.876

FC3 0.690

Behavioral
Intention
(BI)

BI1 0.943 0.956 0.879

BI2 0.930

BI3 0.939

Discriminant validity of the model was evaluated through Fornell-Larcker criterion.
Table 3 indicates that all constructs show sufficient discriminant validity as the square
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root of AVE is larger than the correlations for all reflective constructs [29]. Moreover,
Hetero-Trait-Mono-Trait (HTMT) through 5000 subsamples of bootstrapping technique
was used to check discriminant validity. As shown in Table 4, using a 95% confidence
interval, the lower and upper confidence intervals do not include 1, it indicates every
construct in the sample are statistically distinct. Hence, discriminant validity has been
confirmed [28].

Table 3. Fornell-Larcker criterion

Latent Construct BI EE FC PE SI

Behavioral Intention 0.937

Effort Expectancy 0.465 0.744

Facilitating Conditions 0.483 0.526 0.804

Performance Expectancy 0.490 0.504 0.582 0.769

Social Influence 0.572 0.510 0.458 0.519 0.857

Table 4. Hetero-Trait-Mono-Trait (HTMT)

Latent Construct Original Sample (O) Sample Mean (M) Bias 5.00% 95.00%

PE -> BI 0.138 0.139 0.002 0.042 0.230

EE -> BI 0.123 0.128 0.005 0.029 0.212

SI -> BI 0.337 0.334 −0.003 0.237 0.434

FC -> BI 0.180 0.180 0.001 0.077 0.278

4.3 Inner Structural Model Analysis

In this research, collinearity issue is not a concern as all values are below the threshold
of 3.3 [30] as shown in Table 5. Next, bootstrapping technique with 5000 subsamples
at one-tailed 0.05 significance level was applied to assess hypothesized relationships to
create T Statistics and p-value for each path coefficient. Table 6 presents all hypotheses
suggested are positive and significant as P Values are <0.05, and all T Statistics are
>1.645 [28].

Coefficient of determination, R2 value of 0.431 is more than the threshold of 0.33
[31] which indicates a substantial model. Next, effect sizes, f2 are assessed by following
[32] guideline. As shown in Table 7, Performance Expectancy (0.020) and Facilitating
Conditions (0.030) have small effect in producing R2 for Behavioral Intention. Social
Influence (0.139) has close to medium effect in producing R2 for Behavioral Intention.
However, Effort Expectancy (0.015) has no effect in producing R2 for Behavioral Inten-
tion. Hence, Effort Expectancy has no substantial contribution to the construct and does
not explain much variance in the target construct. Following, predictive relevance, Q2
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Table 5. Inner VIF values

Behavioral Intention

Performance Expectancy 1.783

Effort Expectancy 1.639

Social Influence 1.570

Facilitating Conditions 1.725

Table 6. Results of structural model

PLS
Path

Original
sample
(O)

Sample
mean
(M)

Standard
deviation
(STDEV)

T Statistics
(|O/STDEV|)

P
Values

Confidence
interval

Remarks

5.00% 95.00%

PE ->
BI

0.144 0.144 0.058 2.491 0.006 0.051 0.240 Supported

EE ->
BI

0.119 0.126 0.054 2.205 0.014 0.032 0.209 Supported

SI ->
BI

0.357 0.354 0.058 6.182 0.000 0.267 0.456 Supported

FC ->
BI

0.173 0.175 0.061 2.848 0.002 0.074 0.273 Supported

Notes: Significant at 5% level, p < 0.05

of the model is assessed. If Q2 value is larger than 0, it means the model has predictive
relevance for dependent variable [30]. The Q2 value of Behavioral Intention (0.352) is
larger than 0, indicates the model has sufficient predictive relevance.

Table 7. Coefficient of determination, effect size and predictive relevance

R2 f2 Q2

Behavioral Intention 0.431 0.352

Performance Expectancy 0.020

Effort Expectancy 0.015

Social Influence 0.139

Facilitating Conditions 0.030
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4.4 Importance and Performance Matrix Analysis

A post-hoc procedure was conducted using the Importance and Performance Matrix
Analysis (IPMA) to gauge the importance and performance of independent variables
namely Performance Expectancy, Effort Expectancy, Social Influence and Facilitating
Conditions. Table 8 and Fig. 1 show the highest importance is Social Influence (0.440),
followed by Facilitating Conditions (0.198), Performance Expectancy (0.177), and lastly
Effort Expectancy (0.169). Besides, the highest performance is also Social Influence
(80.86), followed by Effort Expectancy (78.02), Facilitating Conditions (70.58), and
lastly Performance Expectancy (67.19).

Table 8. IPMA result

Importance (Total
Effect)

Performance (Index
Values)

Performance
Expectancy

0.177 67.19

Effort
Expectancy

0.169 78.02

Social Influence 0.440 80.86

Facilitating
Conditions

0.198 70.58

Fig. 1. IPMA map
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4.5 Moderation Analysis

Product indicator approach was applied to carry out moderation analysis. Table 9 sug-
gests that gender and experience do not moderate all the relationships among the con-
structs as the P Values and T Statistics cannot meet the threshold of P Values < 0.05,
and T Statistics > 1.645 [28].

Table 9. Moderation analysis

Relationship Original
Sample
(O)

Sample
Mean (M)

Standard
Deviation
(STDEV)

T Statistics
(|O/STDEV|)

P
Values

Remarks

PE *Gender ->
BI

−0.125 −0.128 0.124 1.012 0.156 Not
supported

EE *Gender ->
BI

−0.040 −0.055 0.139 0.287 0.387 Not
supported

SI *Gender
-> BI

−0.128 −0.128 0.117 1.089 0.138 Not
supported

EE *
Experience ->
BI

−0.010 −0.022 0.076 0.127 0.449 Not
supported

SI * Experience
-> BI

0.064 0.017 0.084 0.762 0.223 Not
supported

FC *
Experience ->
BI

0.040 0.015 0.064 0.628 0.265 Not
supported

5 Discussion

Performance Expectancy, Effort Expectancy, Social Influence, and Facilitating Condi-
tions have positive impact on students’ behavioral intention in adopting online learning
tools under the blended learning environment. However, results suggest that gender
and experience do not moderate all the relationships among the constructs. Based on
the results of IPMA, Behavioral Intention reveals that the construct of Social Influence
has both highest performance and highest importance. It means that the strong pres-
ence of Social Influence will be a crucial role in growing possibility of successfully
adopting technology for online learning in the blended learning environment. Hence,
the universities should focus on Social Influence and looking for innovative approach to
highlight the unique role of social factor and generate a collective adoption of behavior
among students. Next, Facilitating Conditions is the second highest importance and third
highest performance in the prediction of Behavioral Intention. It means that online learn-
ing will become more feasible once the required technological infrastructure becomes
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more available and effectual to students. Therefore, universities should provide adequate
technical and infrastructural resources, such as availability to access the online learning
tools within a reasonable response time [33], with the aim of supporting the technology
adoption among students.

PerformanceExpectancy inUTAUTmodel is similar to the termperceived usefulness
in TAMmodel,while Effort Expectancy inUTAUTmodel is similar to the termperceived
ease of use in TAMmodel [20]. Based on the results obtained fromMalaysia study, both
Performance Expectancy and Effort Expectancy have shown positive relationship with
students’ Behavioral Intention of adopting online learning tools in blended learning envi-
ronment. Nevertheless, the analysis results indicated that Performance Expectancy has
small effect size (f2 = 0.020), and most surprisingly Effort Expectancy shows no effect
(f2= 0.015) in the prediction of Behavioral Intention of adopting online learning tools. It
means strength of the relationship between Effort Expectancy and Behavioral Intention
is extremely weak, indicates zero effect in predicting Behavioral Intention. Our study
was conducted in Malaysia prior covid pandemic. While comparing to another similar
study conducted in China after covid pandemic happened [13], Performance Expectancy
(perceived usefulness) has large effect size (f2= 0.403), and Effort Expectancy (ease of
use) has medium effect size (f2= 0.241) on students’ adoption of using online learning
technologies. By comparing results of the two studies which had been carried out prior
and post covid pandemic, the effect size of Performance Expectancy has increased from
small to large effect, while Effort Expectancy has increased from no effect to medium
effect. It clearly shows that the mass spreading of covid pandemic has changed the land-
scape of learning method in IHLs. Moreover, the results of IPMA [13] indicates that
perceived usefulness has the highest importance level and ease of use has the second
highest importance level. Students strongly believe that adopting the technology inno-
vations of online and mobile learning system can help them to achieve better learning
performance. They form positive attitude towards online and mobile learning system,
particularly have a stronger positive attitude after covid pandemic happened as technolo-
gies are perceived to save effort and time, deliver current and trustworthy information
in their learning process.

6 Conclusion, Limitations and Future Research

Although Covid pandemic is a major disruptor for current education scenario, it has
fastened the speed in implementing innovative solutions in IHLs worldwide. From the
present studies, it can be said that students are positive towards acceptingm-learning after
experiencing sudden global health crisis as compared to before covid pandemic where
full online learning played a limited role in education. Perceived usefulness and ease of
use remain played a significant role in influencing technology acceptance among students
in the post pandemic which deserves further attention by the academic practitioners
and technology support team. We acknowledge the fact that this paper has limitations
particularly the study about technology acceptance in the mobile environment with post
Covid pandemic scenario where data analysis was solely based on the work of [13]
and thus may not be fully comparative with the study done before Covid pandemic
in Malaysia. Therefore, future work may consider by comparing the same learning
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environment in different countries or replicate the comparative studies with similar
model. Additionally, it may be worth to explore the possible future learning technologies
for IHLs when Covid pandemic eventually becomes endemic.
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Abstract. Despite the huge growth potential that has been predicted for mobile
game continuous usage intention, little is known about what motives users to be
sticky under the mobile game context. Drawing on the Uses and Gratifications
theory (UGT), this study aims to investigate the influencing effects of players’
characteristics and the mobile game structures on players’ mobile game behav-
ior (e.g. stickiness). After surveying 439 samples, the research model is tested
with Partial Least Squares Structural Equation Modeling (PLS-SEM). The results
indicate that both individual gratifications and mobile game presence positively
affect users’ stickiness. Furthermore, we find that leisure boredom of individ-
ual situations and integration of mobile game governance positively affect users’
stickiness. The results provide further insights into the design and governance
strategies of mobile games.

Keywords: Mobile games · Uses and gratifications theory · Stickiness

1 Introduction

Mobile devices such as smartphones, tablet computers, and othermobile Internet devices
attract mass users for the convenience to access resources and engage in activities (e.g.
to study, work, meet friends). With the popularity of mobile devices, mobile games have
also rapidly gained an enormous share in the game industry. Compared to games on PC
and console, the percentage of mobile game playing is steadily rising from 39.2% in
2015 to 75.1% in 2020, which implies that more and more players tend to play games on
mobile devices (iResearch 2020). Although mobile games enjoy a prominent prospect,
they still face the problem of low stickiness, which causes the loss of users. A report
from GameAnalytics (2019) reveals that mobile games only hold a low user stickiness,
even the best performing mobile game only has a retention rate of 4% to 6%.

Prior related studies seldom focus on how to attract users and increase their sticki-
ness in the mobile game context. Stickiness has already been discussed in related fields,
including three main contexts: e-commerce websites, social media and the online games
industry. First, in the e-commerce context, past researches indicated that augmenting
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e-commerce websites with social features will positively affect websites stickiness
(Friedrich et al. 2019) Based on social theory, social identity theory, loyalty theory
and customer engagement literature, Molinillo et al. (2020) explored that social support
and community factors lead to customer loyalty and stickiness. Second, stickiness has
also been examined in the field of social media, such as blogs (Lu and Lee 2010) and
Youtube (Chiang and Hsiao 2015). Factors like the length of using time, content quality,
enthusiasm could affect users’ stickiness on the media (Xu et al. 2018). Finally, concern-
ing researches on online games, stickiness has been extensively examined to investigate
users’ continuous use intention, and most of them are built on technology acceptance
model (TAM) (Hsu and Lu 2004; Malaquias et al. 2018) and flow theory (Huang et al.
2017; Arı et al. 2020).

Based on the above discussion, we can summarize the research gap that past online
game literature mainly developed their research models based on adoption behavior the-
ories, such as TAM (Liu and Li 2011; Rafdinal et al. 2020).While technology acceptance
factors (e.g. perceived usefulness, perceived ease of use) are of importance, users are
also concerned about hedonic and utilitarian gratification that they can gain from playing
mobile games. These gratification needs are more significant in the mobile game context
(Ha et al. 2007).

Hence, this paper distinguished two dimensions of players’ characteristics and the
mobile game structures based on UGTs, and further explore their effects on players’
stickiness. According to Uses and Gratifications theory (UGT) individual situation and
gratification are derived from the user perspective. By satisfying users’ needs, their
behaviors to the game might be influenced. The mobile game structure perspective
is considered from the incentives and governance. Developing the good quality game
structure can influence users’ in-game experience, which also have an impact on their
stickiness. Past studies have applied UGT to examine the effect on user behavior in
the game environment (Li et al. 2015; Chen et al. 2018; Wei and Lu 2014), however,
most of them only adopted individual gratification perspective, scarcely considering
the effect of mobile game mechanisms. We developed our extended research model
by integrating both players’ characteristics and the mobile game structures to better
understand users’ stickiness. Therefore, this study attempts to solve the following two
research questions: What factors influence players’ stickiness? How do these factors
affect players’ stickiness?

2 Theoretical Background

2.1 Mobile Game Adoption Behavior

Mobile games can be defined as video games played onmobile devices.When reviewing
the literature onmobile games,we find thatmost of the relative research is based on adop-
tion behavior theory. Previous researches are mainly built on Technology Acceptance
Model (TAM) and Unified Theory of Acceptance and Use of Technology 2 (UTAUT2)
to examine users’ behavior intention.

In the context of mobile games, TAM is widely used to investigate players’ attitudes
and use intentions. Rafdinal et al. (2020) examined mobile game features and found that
ease of use and usefulness can affect players’ use intention and attitude. Lee and Quan
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(2013) added user-related factors (e.g. self-efficacy, innovativeness, self-expressiveness)
and service-related factors (e.g. visibility, incentives) to the TAM model to investigate
users’ intention. Meanwhile, several studies examined users’ mobile game adoption
behavior by usingUTAUT2. Baabdullah (2020) extendedUTAUT2 to investigate factors
that affect the adoption ofmobile social network games (M-SNGs) and found that attitude
would have an impact on perceived fun and convenience, which further influence users’
intention to play. By proposing a simplified UTAUT2model in the mobile game context,
it has also been proved that players’ game adoption behavior was affected by habit and
playing intention (Ramírez-Correa et al. 2019).

Based on the above summarizations, we find that existing researches explore users’
use intention in the mobile game context, only a few investigate the stickiness behav-
ior(Chen et al. 2018; Lee et al. 2018), and other critical factors beyond technology (e.g.
hedonic and utilitarian gratification) related are limited explored.

2.2 Uses and Gratification Theory (UGT)

The uses and gratifications theory was originally developed to explore users’ reactions
to mass media in the 1940s. UGT has been utilized to explain the psychological needs
of individuals that motivate their use of a particular medium. Despite being a theory to
explain users’ choices on traditional media (e.g. television, newspaper) (Rubin 1983;
Berelson 1949), UGT has also been widely applied to examine different novel modern
media forms, such as the Internet (Ko et al. 2005), social media (Smock et al. 2011), and
mobile devices (Chen 2018; Kaur et al. 2020).With the rapid diffusion of mobile devices
and digital games, many literatures were also increasingly adapting UGT to examine
online games (Wu et al. 2010; Li et al. 2015) mobile games (Wei and Lu 2014; Hamari
2015; Hamari et al. 2019), esports (Weiss and Schiele 2013) and so on. Media scholars
found that UGT provides a user-centered view (Leung andWei 2000), that is, users seek
satisfaction through the media. Those satisfactory needs are like entertainment, leisure,
personal identity, social connection and so on (Cho et al. 2003). Therefore, UGT is
particularly suitable to examine mobile game stickiness.

Weibull (1985) proposed a UGT model that depicted the process of media use.
He suggested that we should not only consider media as a technical channel, but also
need to pay attention to related policies, resources, and users. The individual and the
media structure are components of the social structure because the whole society can
be classified into two realities; one is that society is based on media and the other is
that users can influence media (Weibull 1985). Weibull’s model provides us with a view
that we should take both mobile game users and the mobile game structure into our
research model. Therefore, we can examine more thoroughly which factors will affect
users’ stickiness in mobile games based on UGT.

3 Research Model and Research Hypotheses

To explore influencing mechanisms on stickiness mobile game participants, we develop
an extended theoretical framework based on UGT model. Figure 1 shows the pro-
posed researchmodel by incorporating individual characteristics,mobile game structure,
stickiness.
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Fig. 1. Conceptual Model

3.1 Relationships Between Individual Gratification and Stickiness

Individual gratifications are relevant to the individual mobile game use experience and
will further influence motivation and behavior on the mobile game use (Weibull 1985;
Wu et al. 2010). From previous research, gratification can be mainly classified into
hedonic gratification and utilitarian gratification (Wu et al. 2010; Li et al. 2015). Hedonic
gratification is gained fromhedonic consumption and it is themotivation of game-playing
behavior. It is influenced by two main factors: imaginary and emotional response. These
two factors help users escape from the real world and provide themwith a fun experience
(Su et al. 2016; Van der Heijden 2004). Utilitarian gratification is captured by utilitarian
factors like achievement, self-presentation, andwill further influence user behaviorwhen
playing the mobile game (Li et al. 2015; Gan and Li 2018). In the mobile game context,
it usually refers to the gratification that players try to get achievements, such as status
and skills in the game. Compared with hedonic gratification, utilitarian gratification is
harder to obtain because the gaining process costs users more effort and time. Above all,
gratification has already been used to investigate the original intention of mobile game
playing (Ha et al. 2007).

H1: Hedonic gratification will positively influence stickiness in mobile games
H2: Utilitarian gratification will positively influence stickiness in mobile games

3.2 Relationships Between Individual Situation and Stickiness

Individual situation refers to personal characteristics and the environment surrounding,
whichwill influence the behavior in themobile game (Chen and Leung 2016;Wei and Lu
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2014). Two factors that have been used to represent individual situation, loneliness and
leisure boredom.Loneliness is an interpersonal deficitwhich is a lack of social interaction
or closeness with others (Weiss 1973). Previous research suggested that people with
loneliness are positively correlated with problematic internet use (Dong et al. 2021) and
excessive gaming behavior (Ok 2021). ( Leisure boredom is experienced when a person
has too much time available with too few things to do (Hill and Perkins 1985). When
people are at a high level of leisure boredom, they will have much more desire to have
fun (Bryant and Zillmann 1984). Therefore, it has been proved that leisure boredom will
cause many types of addiction, such as addiction to websites or games (Chen and Leung
2016).

H3: Loneliness will positively influence stickiness in mobile games
H4: Leisure boredom will positively influence stickiness in mobile games

3.3 Relationships Between Presence and Stickiness

Presence can be defined as a psychological state that a person is immersed in the mobile
gamewith subjective consciousness (Weibel et al. 2008). Presence is themost significant
character of mobile games, because it’s central in shaping players’ experience in the
game, mainly divided into spatial presence and social presence (Ijsselsteijn et al. 2000;
Tamborini and Skalski 2006). Spatial presencemeans a sense of being physically present
in the virtual environment (IJsselsteijn et al. 2000), and it is a cognitive experience (Wirth
et al. 2007). Generally, spatial presence can be understood as players immersing in the
game and feeling that they are in a new world created by the game (Hilken et al. 2017).
A strong spatial presence often provides users with an immersing environment, and such
experience will enhance their stickiness (Wu et al. 2010; Li et al. 2015). Social presence
refers to the psychological sense of physically interacting with others in the virtual world
(Qiu and Benbasat 2005). Nowadays, many mobile games are equipped with various
types of social functions to encourage players to share, be online, cooperate, etc. It is
proved that social interaction is an important factor that motivates users to play games
and helps to understand their continuous use intention (Wu et al. 2010).

H5: Spatial presence will positively influence stickiness in mobile games
H6: Social presence will positively influence stickiness in mobile games

3.4 Relationships Between Governance and Stickiness

Governance of the mobile game refers to mechanisms that game publishers construct
and use to influence players (Wu et al. 2010; Scott 2013). Tiwana (2013) divided mobile
games governance into three dimensions: autonomy, integration and incentives. Auton-
omy refers to the division of rights between platform owners and participants, which
is not significant in the context of mobile games. Hence, we will not discuss it in our
research. Incentives is a common approach to governance. It is a means for mobile
game publishers to motivate players to continue playing the game, improving the util-
ity of players and making their goals consistent with publishers. Incentives will foster
players’ loyalty, and lead to the behavior of continuous game use (Bhattacherjee 2001).
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For instance, mobile games will reward players for daily check-in and activeness. This
increases the players’ game retention and exerts a positive impact on their stickiness.
Integration is another important factor in platform governance guaranteed by control
(Tiwana 2013). In the mobile game context, mobile game publishers try to govern the
relationship between players and the platform through various controls (e.g. formal con-
trol, informal control). These controls could benefit the relationship between players
and platforms, increasing players’ interactions with games (e.g. set goals in advance to
guide players, develop the virtual community).

H7: Incentives will positively influence stickiness in mobile games
H8: Integration will positively influence stickiness in mobile games

4 Methodology

4.1 Measurement Development

To access the research model, we prepare to take a cross-sectional survey to collect data.
The items of the questionnaire are adapted from related literature to ensure validity. The
survey items of Individual Gratifications are adapted from Li et al. (2015). The survey
items of Loneliness are adapted from Russell (1996). The items of Leisure Boredom
are adapted from Iso-Ahola and Weissinger (1990). The items of Presence are adapted
from Wu et al. (2010). The items of Incentives are adapted from Bhattacherjee (2001).
The survey items of Integration are adapted from Kirsch et al. (2002) and Koo (2009).
Research constructs are measured using multiple items on a five-point Likert scale.
Furthermore, to ensure consistency, the questionnaire was translated to Chinese and
back-translated to English. The questionnaire is piloted among 60 mobile game players.
Based on the result of a pilot study, the questionnaire was refined by respondents’
feedback as well as sentences were rephrased and ambiguous questions were eliminated.
The final measurements of the variables are shown in Appendix A.

4.2 Data Collection

This research surveyed various mobile games players to access the proposedmodel. Five
types of mobile games were chosen (e.g. role-playing game, multiplayer online battle
arena, shooter game, strategy, casual game), and each representative game selected (e.g.
Genshin Impact, Glory of Kings, Game for Peace, Hearthstone, Happy Pop) was the
most popular one in the Chinese mobile game market in 2020 (iResearch 2020).

The questionnaire was promoted online in China. Participants with mobile game
using experience were encouraged to complete, and we also obtained their approval to
use the data for study at the beginning of the questionnaire. The survey links were opened
from April 4 to April 19, 2021, two weeks in total. A total of 536 questionnaires were
collected and 439 were complete and valid. Respondents comprised 209 (48%) males
and 230 (52%) females. Over half (54%) of respondents are between 20 and 24 years.
The detailed information on demographics is listed in Table 1.
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Table 1. Demographics of the sample.

Measure Items Frequency Percentage

Gender Male 209 48%

Female 230 52%

Age
(years)

Below 20 80 18%

20–24 238 54%

25–30 79 18%

Above 30 42 10%

Education level Secondary/high school 70 16%

Junior college 78 18%

College/university 267 61%

Master/PhD 24 5%

Wage
(CNY)

Below 1500 157 36%

1500–3000 133 30%

3000–5000 85 19%

5000–10000 45 10%

Above 10000 19 4%

Mobile game types Role-playing game (RPG) 46 10%

Multiplayer Online Battle Arena (MOBA) 131 30%

Shooting game (STG) 63 14%

Real-Time Strategy game (RTS) 76 17%

Leisure game 94 21%

Other 29 7%

Use time
(hours per day)

Below 1 111 25%

1–2 141 32%

2–4 101 23%

Above 4 86 20%

Payment in three months
(CNY)

0 127 29%

1–100 158 36%

101–500 102 23%

501–1000 38 9%

Above 1000 14 3%
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5 Data Analysis

5.1 Measurement Model

Following the two-step analysis procedure, reliability and convergence validity, and
discriminant validity of the measurement model were assessed using SmartPLS 3.0.
As illustrated in Table 2, all key constructs’ Cronbach’s alpha values and composite
reliabilities (CR) are highly above 0.70 (Fornell and Larcker 1981), which shows the
convergent validity is sufficient for our study. The average variance extracted (AVE)
values of all variables are higher than the recommended threshold of 0.50. Table 3
shows the squared roots of the AVE of each construct, which are all exceeded the off-
diagonal elements of the corresponding rows and columns. The item loading of each
construct exceeds 0.70, whereas the cross-loadings of variables are lower than the main
construct’s loading, as well as the heterotrait-monotrait ratio of correlations (HTMT)
for all variables are all below 0.85. Hence, our study has well-supported discriminant
validity.

Table 2. Construct reliability and convergence validity analysis.

Construct Items Factor
Loadings

T-values Cronbach’s Alpha CR AVE

Hedonic Gratification
(HG)

HG1 0.728 20.749 0.824 0.882 0.653

HG2 0.801 30.321

HG3 0.865 60.753

HG4 0.831 40.949

Utilitarian Gratification
(UG)

UG1 0.849 46.823 0.854 0.911 0.774

UG2 0.893 77.733

UG3 0.897 74.681

Loneliness (LS) LS1 0.917 4.532 0.843 0.901 0.754

LS2 0.842 3.250

LS3 0.845 3.430

Leisure Boredom (LB) LB1 0.893 67.367 0.889 0.931 0.818

LB2 0.921 112.508

LB3 0.900 70.872

Spatial Presence (SPP) SPP1 0.882 66.571 0.859 0.913 0.779

SPP2 0.870 52.442

SPP3 0.895 86.086

Social Presence (SCP) SCP1 0.895 80.486 0.864 0.916 0.785

(continued)
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Table 2. (continued)

Construct Items Factor
Loadings

T-values Cronbach’s Alpha CR AVE

SCP2 0.882 65.560

SCP3 0.881 52.654

Incentives (IC) IC1 0.859 38.254 0.829 0.897 0.744

IC2 0.870 53.402

IC3 0.859 39.231

Integration (IT) IT1 0.874 58.537 0.869 0.911 0.719

IT2 0.858 49.815

IT3 0.850 46.628

IT4 0.808 34.495

Stickiness (SN) SN1 0.760 28.585 0.865 0.909 0.714

SN2 0.883 73.770

SN3 0.884 79.256

SN4 0.848 62.533

Table 3. Discriminant validity.

Construct 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. HG 0.81

2. UG 0.48 0.88

3. LS −0.12 −0.1 0.87

4. LB 0.31 0.31 0.15 0.9

5. SPP 0.61 0.41 −0.01 0.3 0.88

6. SCP 0.52 0.49 −0.09 0.32 0.48 0.89

7. IC 0.4 0.38 −0.07 0.23 0.36 0.36 0.86

8. IT 0.41 0.3 −0.18 0.26 0.38 0.42 0.42 0.85

9. SN 0.5 0.44 −0.06 0.46 0.46 0.46 0.35 0.39 0.85

10. Age 0.05 0.10 −0.07 0.13 0.01 0.09 0.05 0.02 0.08 NA

11.
Gender

0.01 −0.20 −0.09 0.13 −0.07 −0.05 −0.07 0.00 −0.03 −0.06 NA

12.
Education

−0.02 −0.08 −0.06 −0.04 −0.07 0.02 0.05 0.05 −0.09 0.29 0.09 NA

13. Wage 0.05 0.20 0.13 −0.02 0.08 0.09 0.06 0.01 −0.01 0.51 −0.12 0.14 NA

14. Type −0.10 −0.07 −0.11 −0.01 −0.12 −0.14 −0.03 −0.15 −0.12 0.11 0.19 0.03 −0.07 NA

5.2 Structural Model

To eliminate the effect of irrelevant variables, this study adds demographic variables,
including gender, age, education and wage. Game type is also included to investigate
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influences on stickiness. The result indicates that age (β = 0.118, t = 2.687), education
(β = −0.086, t = 1.955) and wage (β = −0.155, t = 3.462) have significant impacts,
while and game type (β =−0.054, t= 1.447) and gender (β = 0.054, t= 1.399) do not.

The structural equation modeling (SEM) technique is applied to examine the struc-
tural model, testing the effects among ten latent variables. Figure 2 presents the standard-
ized path coefficients of constructs using the bootstrapping method, as well as displays
the explained construct variances (R2 value) for the conceptual model. Overall, the R2

value for stickiness is 0.447, indicating that the research model has great predictive
power.

As hypothesized, the paths from hedonic gratification (β = 0.147, t = 2.619), util-
itarian gratification (β = 0.159, t = 3.078), leisure boredom (β = 0.263, t = 5.825),
spatial presence (β = 0.124, t = 2.219), social presence (β = 0.095, t = 1.862) and
integration (β = 0.087, t = 1.713) significantly and positively affect stickiness. These
findings support hypotheses H1, H2, H4, H5, H6 and H8. Loneliness (β = −0.045, t
= 1.069) and incentives (β = 0.064, t = 1.206) do not show an important influence on
stickiness as shown by dotted lines. Thus, H3 and H7 are not supported.

Note: *p<0.1, **p<0.05, ***p<0.01 

Fig. 2. Results for the structural model.

6 Discussion and Conclusion

This study extends the UGT model to explore the factors that influence users’ stickiness
in the mobile game context. Several findings can be obtained from our analyses.
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Firstly, in the aspect of individual characteristics, we find that the influence of indi-
vidual gratification is higher than that of individual situation. On the one hand, gratifi-
cation is a determinant of users’ mobile game sticky behaviors (H1 is supported). The
results highlight the importance of gratification in the UGT, which corresponds with
prior research as well as our expectations. UGT has been widely applied to the online
game context and found that users’ gratification sought would significantly affect play-
ers’ continuous motivation and stickiness (Wu et al. 2010; Li et al. 2015). Therefore,
gratification is essential in both PC and mobile game playing. On the other hand, in
the individual situation, only leisure boredom significantly affects the stickiness (H5 is
supported; H4 is not supported). Consistent with the previous research, it was proved
that high level of leisure boredom could significantly affect the intensity of mobile game
use, while loneliness and self-control were not (Chen and Leung 2016).

Secondly, the results suggest that both presence and governance perform well in
the mobile game structure. Presence consists of spatial presence and social presence
has proved to be effective in influencing user stickiness in our research (H5 and H6
supported). Presence is fundamental to shaping users’ experience, meeting the needs
of immersion in mobile games (Tamborini and Skalski 2006). It has also been proved
that presence will positively affect sticky behavior in the online game environment (Li
et al. 2015). As for the mobile game governance, we also find that integration plays an
important role in influencing users’ stickiness (H8 is supported). Surprisingly, the impact
of incentives (H7) on stickiness is not significant. This indicates that the construction of
game mechanisms (e.g. virtual communities, pre-set goals) are of importance to mobile
games to retain users. Compared with virtual currency, skins or equipment in games,
players may care more about those well-set goals or efficient social channels that will
shape a better experience. Another reason might be that the existing incentives are not
attractive or effective enough to influence users’ stickiness. For example, many mobile
games are equipped with efficient reward systems, which in turn will lead to reward
fatigue (Fischer 2020).

6.1 Implication for Researches

With the opportunity provided by the mobile game market, more and more develop-
ers are attracted to make innovations in the entertainment industry. Meanwhile, many
academic studies have also noted the development of this phenomenon and made lots
contributions to examining the behavior of users on the mobile game platform. However,
few pieces of research consider from the perspective of the influence of users’ charac-
teristics and the mobile game structure. From a theoretical standpoint, this study makes
three contributions to this area of inquiry.

Firstly, this study applies UGT to the mobile game context to examine users’ stick-
iness. Compared with TAM and Flow theory (Malaquias et al. 2018; Su et al. 2016),
UGT not only considers the impact of users themselves, but also examines the features
of mobile games. Therefore, we can integrate more relevant factors to comprehensively
investigate users’ stickiness behavior by adopting UGT model. Notably, both of the
individual characteristics and the mobile game structure perform well in our study.

Secondly, our research extends the UGT model and enriches the body of related
studies. The role of users was often concerned and valued in previous UGT research (Li



144 M. Chi et al.

et al. 2015; Mi et al. 2021). However, our study also concerns the impact of the mobile
game structure, and proves that the game structure is as essential as the individual
characteristics in influencing user behavior. Besides, we add additional aspects (i.e.
individual situation and governance) to each perspective of users and mobile games to
investigate the influence to users’ mobile game behavior. The significance of leisure
boredom and integration suggest their feasibility of predicting stickiness in the mobile
game environment.

Thirdly, while incentives received much attention in the platform-related literature
(Jedari et al. 2017;Wang et al. 2020; Tiwana 2013), this study finds it is not significant in
the mobile game context. Instead, our research notes that players prefer games that have
well-constructed integration mechanisms, such as convenient communication channels,
good goals setting, tutor relationships and so on. Games with the above mechanisms
can integrate players and increase interactions with platforms, which will further influ-
ence players’ stickiness. Therefore, the role of the integration should be noticed when
investigating user behavior in the mobile game environment.

6.2 Implication for Practice

The results of this study provide mobile game developers and publishers with some
insights to entice and retain users. Firstly, users’ characteristics are of necessity to be
considered. Our findings suggest that individual gratifications and individual situations
have positive effects on users’ stickiness. Therefore, when considering factors influenc-
ing the popularity and retention rate of a mobile game, publishers should also adopt a
view from a user standpoint. By tracking user data, promoting online surveys and other
methods, mobile game publishers could obtain and extract user characteristics, habits
and so on. This may provide a guide for the further development and design of mobile
games.

Secondly, this research provides someguidance for the governance practice ofmobile
game platforms. Through the result, we find that integration is more effective than incen-
tives in increasing user stickiness in the mobile game context. Based on this discovery,
we put forward two suggestions for mobile game publishers. On the one hand, they
should adjust their incentive mechanisms to encourage users’ continuous game use. On
the other hand, mobile game publishers should exert more effort on integrating players
as well as aligning their goals with the platform.

Appendix A. Constructs and items

Measurement Items

Hedonic Gratification Items adapted from Li et al. (2015)

HG1 It’s exciting to play the mobile game

HG2 Playing the mobile game gives me a lot of pleasure

HG3 I play the mobile game because I can’t do in real life

(continued)
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(continued)

Measurement Items

HG4 Mobile games allow me to pretend I am someone/somewhere else

HG5 I play mobile games when I feel frustrated

HG6 Playing mobile games is best way to block off the world around me

Utilitarian Gratification Items adapted from Li et al. (2015)

UG1 I feel that it is important to beat others in the mobile game

UG2 I have more power than other players in the mobile game

UG3 I have items/equipment which are better than those of other
players’ in the mobile game

UG4 I play the mobile game, because I want other players in this game
to perceive me as skilled

UG5 I play the mobile game, because I want other players in this game
to perceive me as friendly

Loneliness Items adapted from Russell (1996)

LS1 I feel lonely

LS2 I feel that I am no longer in tune with the people around me

LS3 I feel that there are no one I can talk to

Leisure Boredom Items adapted from Iso-Ahola and Weissinger (1990)

LB1 For me, leisure time just drags on and on

LB2 Leisure time is boring

LB3 In my leisure time, I don’t know what else to do

LB4 In my leisure time, I don’t know what I want to do

LB5 Leisure time activities do not excite me

Spatial Presence Items adapted from Wu et al. (2010)

SPP1 The mobile game comes to me and became part of my world

SPP2 The mobile game creates a new world for me, and the world
disappears when I disconnect the mobile game

SPP3 The mobile game created an extension of my world, and part of my
world disappeared when I disconnect the mobile game

SPP4 During the mobile game I feel like I am in the world the game
created

Social Presence Items adapted from Wu et al. (2010)

SCP1 When I see that other players are confused, I offer help

SCP2 I trust that other players in the mobile game will help me if I need it

SCP3 I feel connected to other players in the mobile game environment

SCP4 In my interactions with other players, I am able to show what kind
of player/person I really am

(continued)



146 M. Chi et al.

(continued)

Measurement Items

SCP5 I feel like I am a member of a community during the game playing

Incentives Items adapted from Bhattacherjee (2001)

IC1 I get rewards for my purchase in the mobile game, such as double
the recharge

IC2 The mobile game offers incentives for my continued use, such as
continuous sign-in rewards

IC3 Mobile games will reward me with virtual or physical objects (such
as equipment, skins, game related products, etc.)

Integration Items adapted from Kirsch et al. (2002) and Koo (2009)

IT1 The mobile game publishers expect me to follow a sequence of
steps toward the accomplishment of specific goals (e.g. guiding
players to establish mentoring and alliance relationships with other
players in the game)

IT2 The mobile game publishers use pre-established targets (e.g. the
degree of interaction with others in the game) as benchmarks for
my performance evaluation

IT3 The mobile game publishers actively construct ways for players to
communicate (e.g. communication channels in the game, the
virtual community)

IT4 The mobile game publishers want me to understand the mobile
game’s goals, values and norms

Stickiness Items adapted from Lin (2007)

SN1 I would stay a longer time on this mobile game than other games

SN2 I intend to prolong my stay on this mobile game

SN3 I would visit this mobile game as often as I can

SN4 I intend to open this mobile game every time I use the phone
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Abstract. With the popularization of the concept of comprehensive quality man-
agement in Chinese enterprises, more and more enterprises begin to realize that
doing a good job in quality management needs to start from the source. The design
and development stage is an important process for the formation and finalization
of product quality, and the quality management work at this stage is crucial to
determine the product quality level.

With digital mobile communication products as the research background,
this paper summarizes the international methodology of product design and
development process, such as ISO9001 international quality management sys-
tem, advanced product quality planning (APQP), project management knowledge
system (PMBOK), door diameter management system (SGS), integrated product
development (IPD) and product lifecycle management (PLM), etc. Through a sys-
tematic summary and research on the quality management method of the above
design and development process, the quality maturity evaluation index system is
constructed. Help the product to carry out quantitative product development qual-
ity maturity evaluation in the concept definition stage, sample verification stage,
pilot test confirmation stage, small batch climbing stage andmass production stage
of the design and production process.

Through the product maturity evaluation system, the quality maturity status
of the product design and development process can be easily measured, so that
the project stakeholders can have clear objectives and risk management for each
process of the product design and development. Easy solve the opacity of quality
management and problem exposure lag in the design development process, so that
the design quality is well prevented in advance.

Keyword: Design and development · Process quality ·Management quality ·
Maturity product ·Maturity evaluation

1 Research Background and Significance

Product quality is designed, not made, let alone tested. This sentence shows that the
design and development is the most critical process of product quality formation. Once
the design is completed, the inherent quality characteristics of the product are then
determined (Fig. 1). It is a very important link for enterprises to ensure product quality
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Fig. 1. Quality decision curve

to ensure the qualitymanagement of product development and design process and ensure
the work quality and process quality of the design and development process.

However, the design and development process is a relatively closed process. Many
often rely on the wisdom and ability of design and development engineers. Many enter-
prises also don’t know how to effectively manage the design and development process?
The most common ones can only be tested with similar samples to test the quality level
of the design process. Obviously, this post-hoc management is also an uneconomical
management method. How to make the design and development process activities more
transparent? Through the collaboration across functional departments, to improve the
efficiency of the product design and development process, and ensure the project deliv-
ery on schedule. At the same time, by reducing the cost and waste caused by a failure of
success, improve the profit of the project and enhance the competitiveness of enterprise
research and development.

2 Theoretical Research and Review

The authors track and study the quality management method of product design and
development process internationally. For example, Chapter 8(8.3.1–8.3.6) (Fig. 2) of
the International Standard ISO9001:2015 International Quality Management System
(QMS) Standard (Fig. 3) has more detailed the planning, demand management and
design and development management of the design and development process.
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8.3 Design and development of products and services 

8.3.1 General 

8.3.2 Design and development planning 

8.3.3 Design and development inputs 

8.3.4 Design and development controls 

8.3.5 Design and development outputs 

8.3.6 Design and development changes 

Fig. 2. ISO9001:2015 Chapter 8.3.1–8.3.6

Fig. 3. ISO9001:2015 quality management system cycle

The advanced product quality planning (APQP) standard(Fig. 4) created by the auto-
mobile industry divides the product design and development process into five typical
stages of management: concept and planning, product design and development, pro-
cess design and development, product and process verification and confirmation and
feedback, and evaluation and correction.
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Fig. 4. APQP five phase process mapping

The International Project Management Association (PMI) has published the Project
Management Knowledge System (PMBOK) (Fig. 5) and regards all products as project
management, and carries out comprehensive management from different dimensions
through 10 knowledge points of project management. At the same time, product design
and development is regarded as a process. The process management method is adopted,
and the standards of input and output through the door diameter management system
(SGS) (Fig. 6) is set to standardize the achievement of product design and development
process node (SGS).Integrated product development (Integrated ProductDevelopment),
is a set of product development models andmethods. The IPD idea comes from the Prod-
uct and Life cycle Optimization Act (PACE: Product And Cycle-time Excellence).The
integrated product development (IPD) method, guided by the framework of integrat-
ing many industry best practice elements, moves from the establishment of end-to-end
process management to achieve the goal of shortening product time to launch, improv-
ing product profit, effectively conducting product development, and providing greater
value to customers and shareholders. Product Life-Cycle Management (PLM), from the
management of the entire life process of product scrapping. PLM is an advanced enter-
prise information idea, which makes people think about how to use the most effective
way and means to increase income and reduce costs for enterprises in the fierce market
competition.
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Fig. 5. Project life cycle flowchart of PMBOK

Fig. 6. Production stage-gate system chart

The management methods of the above product design and development process are
summarized in Table 1 below.

Table 1. Product design and development management method summary

No Product design and development
management method

The characteristics of the method

1 ISO9001:2015 International Quality
Management System (QMS)

Carry out management from demand
management, input and output
management, review, verification and
confirmation means

(continued)
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Table 1. (continued)

No Product design and development
management method

The characteristics of the method

2 Advance Product Quality Planning
(APQP)

Five phases: Concepts and Planning,
Product Design Development, Process
Design Development, product and process
verification and feedback, evaluation and
correction

3 Project Management Knowledge System
(PMBOK)

Ten complete knowledge points of project
management

4 Door Trail Management System (SGS) The targets for the input and output are
specified

5 Integrated Product Development
(Integrated Product Development)

Build a process management for the
end-to-end full-lifecycle

6 Product Life-cycle Management (Product
Life-Cycle Management, PLM)

Advanced enterprise information
technology, digital management thought

Through the summary of the above product design and development process meth-
ods, we can clearly see that there are more mature methods that can be adopted.Based
on the process management method proposed in ISO9001 standard, end-to-end process
design and information and digital means for monitoring.

3 Construction of Evaluation Indicators

Combined with the rapid development of mobile communication products in China,
the research results will be applied in the design and development process of mobile
communication products. The stages of the development process based on mobile com-
munication products are divided into concept definition stage, sample verification stage,
pilot test confirmation stage, small batch climbing stage andmass production stage. Sev-
eral defects occur after each development phase is tested. If only the number of defects
is controlled, some very serious defects may not be solved in time, and the final project
fails; in the next stage, there may still be many defects in the mass production stage;
and if all defects must be improved to enter the next stage, there is no way to meet
the time plan of the project. How can it not only ensure the quality of the product, but
also maximize to meet the time requirements of the project. Communication Products
(Maturity-Utilized System of Telecommunication, MUST),

3.1 MUST (Maturity-Utilized System of Telecommunication) Design

Maturity-Utilized System of Telecommunication evaluation system are consist of four
parts:Maturity-UtilizedSystemofTelecommunication evaluation systemmodel (Fig. 7),
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matrixmodel, Scorematrix definition andMaturity-Evaluation Systemof Telecommuni-
cation evaluation stage target. Maturity-Evaluation System of Telecommunication eval-
uation system are applied for every node of the whole design and development process,
which involved all the test and checking results of design and development. The system
can be intuitively and quantitatively reflects the current quality maturity level of project,
and can be the decision-making basis of evaluating project whether can go into the next
phase.

Fig. 7. Maturity-Utilized System of Telecommunication evaluation system model

When evaluating project stage maturity, the specific method to the maturity evalua-
tion matrix is: the score of each defect is equal to its level of serious weight coefficient
multiply defects of improvement weight coefficient, and then add together each defect
scores, the result is the final score of the stage of maturity. See Table 2:

Table 2. Maturity-Evaluation System of Telecommunication evaluation matrix model

Evolution Severity

A (20) B (10) C (5) D (1) Total

4 X(A, 4) X(B, 4) X(C, 4) X(D, 4)

3 X(A, 3) X(B, 3) X(C, 3) X(D, 3)

2 X(A, 2) X(B, 2) X(C, 2) X(D, 2)

1 X(A, 1) X(B, 1) X(C, 1) X(D, 1)

Total

Maturity-Evaluation System of
Telecommunication evaluation index

******

Target Maturity-Evaluation System of
Telecommunication evaluation stage

******

The formula of Maturity-Evaluation System of Telecommunication as follows:

MUST index =
D∑

s=A

4∑

e=1

s× e × X (s, e)
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Among them:
s—— severity
e—— evolution
X(s, e)—— the number of defects for each rank
The following is a detail introduction for scoring definition of Maturity-Evaluation

System of Telecommunication evaluation matrix model:

1. Severity (s)
Severity can be divided into 4 levels, specific definition as follows:
A Level(weight 20): These defects can lead to communication products can’t

reach the certification requirements(such as radio frequency (rf),EMC, safety, etc.)or
other laws and regulations and other compulsory standards which did not meet the
requirements.

B Level(weight 10): Such defects will lead to customer refused or cause unable
to production.

CLevel(weight 5): Such defects will not affect product main functions, but may
not be accepted by some customers and lead to rejection, or will affect the production
difficulty level. Even though other customer can accept it, the customers still are not
satisfied, and then affecting the credibility of the brand.

D Level(weight 1): Such defects are only minor flaws, which will not affect
the product performance and production, the frequency of occurrence is very low,
generally only can find in the internal professional test.

2. Evolution (e)
Evolution can be divided into 4 levels, specific definition as follows:
4 Level: Reasons for problems unknown--the root cause of the problem is

not found or cannot be reproduce. However, it may also occur that find out the
improvement method under the situation of not determining the root cause.

3 Level: Unknown improvement methods--Improved method is not found or
is not strong enough argument for improvement measures effectively (through
calculation, evidence or manual model and simulation).

2 Level:Unconfirmed improvedmethod-Improvement method has been demon-
strated but not yet confirmed by actual(Through tested or be approved).

1 Level: Improvement method is not applied to the production--Method has been
confirmed, but may be due to reasons such as need time to prepare improvement
method has not been applied to production.

4 Conclusions

This paper discusses the concept of Maturity-Evaluation System of Telecommunica-
tion, and combine the product life cycle management theory with the product design
and development. The Maturity-Evaluation System of Telecommunication classifica-
tion definition is given, and established the management model of Maturity-Evaluation
System of Telecommunication is built up. Finally it discusses the Maturity-Evaluation
System of Telecommunication application in product design and development of qual-
ity management. Through research and application of Maturity-Evaluation System of
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Telecommunication management strategy, product designers can intuitive to get detailed
information of every stage in the process of product design and development to improve
the efficiency of product design and development, shorten the product design and devel-
opment cycle, and to help enterprises continuously improve product quality and their
own core competitiveness in the product design process.
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Abstract. AI-based applications (apps) have presented tremendous ethical chal-
lenges such as AI biases and privacy breaches, leading to the issue of privacy
paradox. The paradox is more salient for dating apps than ordinary shopping
apps, as data breaches in dating apps could relate to users’ close social circles
such as families and colleagues, suggesting more serious ethical and even legal
consequences. Given the limited attention to user’ arousal-ethics paradox, we
developed and empirically examined a conceptual framework regarding how the
arousing benefits of dating apps, users’ ethical misgivings, users’ perceived auton-
omy and perceived risks collectively affect their adoption of dating apps. Survey
data from319 constructionworkers confirmed that arousing benefits are associated
with users’ perceived autonomy, which leads to dating apps adoption. In contrast,
users’ ethical misgivings, associated with perceived risks, are negatively related to
dating app adoption. This study contributes to the interdisciplinary field of privacy
paradox that involves big data, artificial intelligence, user experience, and ethics
by examining ethical consumption and practical suggestions to AI-based dating
app developers.

Keywords: Artificial Intelligence · Dating application · Perceived autonomy ·
Perceived risks

1 Introduction

Featured with volume, velocity, variety, and veracity, big data have provided great poten-
tial for firms to understand and capture consumer value [1]. Big data are often generated
through sensor networks, social media, internet clicks, and mobile apps, and empowered
with business values through artificial intelligence (AI) [2]. For instance, data mining
techniques (e.g., link analysis & association rule learning) could identify high-value
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customers and understand their patterns and preferences in using the functions of the
mobile apps, allowing firms to offer personalized promotions to products and services
[1]. The AI market was valued at $16.06 billion in 2017 and is expected to reach $190.61
billion by 2025. However, practitioners and researchers have warned that AI could be
dangerous and render humans obsolete and useless [2]. In particular, mobile apps often
require users’ location, personal preferences, gender, age, interests, and other personal
data to serve specific functions, allowing AI to access sensitive information about users
[3, 4]. AI-based apps have presented tremendous ethical challenges such as AI biases
and privacy breaches. In response, researchers have investigated 1) the ethics of digital
governance [5] and 2) how app developing companies reveal processes of sensitive data
deployment as an ethical re-sponge to consumer concerns [6], and 3) and consumer
responses to AI-based apps that collect sensitive information [7].

Consumers hold mixed feelings about AI: enjoying the superior capabilities of AI-
enabled services while worrying about the negative implications of privacy breaches; a
phenomenon known as privacy paradox [8, 9]. One type of data-sensitive app has been
dating apps, which support the search for romantic and sexual partners [6, 10]. Dating
apps are most suitable to investigate the ethical concerns of paradox research as they
involve intensive data generation, algorithmic processing, and cross-platform sharing of
sensitive data [10]. According to Guardian’s journalist Judith Duportail, dating apps can
access users’ gender, sexual orientation, location data, political affiliation, and religion,
but also data about users’ activity on social media platforms (e.g., information from
Facebook and Instagram accounts & conversations with every match on the app) [11].
Compared to other data-sensitive apps such as financial and shopping apps, dating apps
could, in the event of a privacy breach, result in more serious consequences to users.
Known examples of such breaches include ‘Ashley Madison data breach’, where 60 Gb
of detailed user data (including user data from Saudi Arabia, where adultery is subject
to a death sentence) on this extramarital affair website were released. Given the limited
attention on ethical implications of data-sensitive apps from a consumer perspective, this
study examines consumers’ trade-off decisions between the arousing benefits promised
on dating apps and the ethical misgivings over the possibility of data breach. Users in the
privacy paradox may also make adoption decisions based on their knowledge about how
AI-based apps works [7]. Drawing on existing literature, we proposed and empirically
examined a new conceptual framework to unravel how users’ data related knowledge,
i.e., perceived autonomy & perceived risks, affect users’ adoption of dating apps, given
the privacy paradox (i.e., arousing benefits & ethical misgivings).

The remainder of this paper is structured as follows. The next section summarizes
the existing literature on dating apps introduces the key variables in the conceptual
framework related to consumer adoption of those apps. Section 3 introduces the research
design and samples used in this study. Section 4 presents the details of the results of
the survey and data analysis. Section 5 discusses this paper and suggests the study’s
implications from different perspectives, limitations and directions for future research.
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2 Literature Review

2.1 Dating Apps and Users’ Privacy Paradox

The boom in dating apps has raised marketing interests and social concerns among
practitioners and researchers [6, 12]. Indeed, the mobile apps allow users to connect
with current loved-ones but also explore new ones while keeping the disconnected or
geographically distant family members in touch. This is achieved through dating apps
(e.g., Badoo, Momo, & Tinder) which generate location-based data (through GPS &
postcodes),which after sophisticated calculative andordering algorithms, could facilitate
searching, photo sharing, texting, matching, and meeting among users [13, 14]. The
registration and use of a dating app will trigger cross-platform connections where data
related to the users’ personal profile and preference informationwill be shared. Such data
enable app developers to optimize and capitalize on user experience. However, cross-
platform data sharing and integration have resulted in privacy concerns in the context of
mobile dating apps.

According to Dinev and Hart [25], people develop different concepts of privacy
according to their interpretations. In other words, if a certain behavior could bring about
more positive outcomes (e.g., income & romance) than negative outcomes (e.g., expo-
sure), mobile app users will disclose their personal information in exchange for the
benefits, provided that their personal information can be used in ways that do not gen-
erate any negative consequences in the future [16]. For social media (e.g., dating app)
users, such negative consequences can include social, psychological or informational
threats 17 from familiar individuals and app developers [13]. For dating app users, those
threats may come from familiar individuals (e.g., colleagues& neighbors) could bemore
embarrassing and intimidating than those from app developers that share user data to
third-party platforms.

2.2 Arousing Benefits

Dating app developers have designed app interfaces in ways that could stimulate user
attention, engagement, and consumption. Those interfaces could provide atmospheric
cues that suggest arousing benefits. We define ‘arousing benefits’ as the aesthetics
involved in a dating app and the displayed photos of its existing users, sensory descrip-
tions of user information (e.g., height & weight) and the interactive chat links that create
an interactive and exciting atmosphere. As users increasingly take dating apps as a kind
of game, developers add functions that support social interaction, flirting, traveling, and
meetups [18]. Moreover, dating apps allow users to find strangers in nearby locations,
check their pictured profiles [19]. As users tend to post attractive photos of themselves
to increase publicity, these photos create an arousing effect on those browsing their pro-
files. Previous studies [20, 21] on user experience have confirmed the positive impacts
of arousing benefits on users’ adoption of apps. However, those studies fail to consider
the mediating mechanism in the relationship, especially given the issue of the privacy
paradox, suggesting further investigation to explain users’ adoption of dating apps.
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2.3 Ethical Misgivings

Users may have legal and ethical misgivings when adopting dating apps. According to
the revenue and usage statistics report (2022) of Tinder, a dating app with over 100
million subscribers worldwide, around 30% of subscribers were married. Put the legal
perspectives aside; thosemarried subscribersmay bear ethicalmisgivingswhen using the
app. Ethicalmisgivings in this study refer to app users’ concerns that their behaviors (e.g.,
lying & cheating) are wrong and unfair to those around them (e.g., families & partners).
Another group of dating app users could involve those who aim to make friends, travel,
and seek actual relationships. However, the unethical reputation of certain dating apps
as hook-up websites could also bring ethical misgivings to those people.

2.4 Perceived Autonomy

Perceived autonomy in this study refers to users’ evaluation of the degree to which they
have control over their sensitive data on dating apps. Dating apps increasingly include the
gamification functions where users are allowed to determine the various functions (e.g.,
the show of location, age, income on profile, & removal of visiting history). Moreover,
dating apps enable users to select other users based on different demographic features
(e.g., age& height), thereby promoting their perceived autonomy. Users with knowledge
about the kind of data kept in privacy and that disclosed to the public could willingly
give up certain data to enjoy the arousing benefits.

Therefore, the following hypotheses can be developed:

H1: Arousing benefits are positively associated with users’ perceived autonomy.
H2: Perceived autonomy is positively associated with users’ adoption of dating apps. In
contrast, some users may worry that even if the dating apps promise not to release their
personal information, their data could still be breached by hackers and sold for money, as
illustrated in the data leakage cases. As such, these users may demonstrate fears of being
controlled. Such fears could be more salient when users are adopting new technologies
such as dating apps [22]. As such, the following hypothesis could be predicted:
H3: Ethical misgivings are negatively associated with users’ perceived autonomy.

2.5 Perceived Risks

While ethical misgivings describe an individual’s moral judgement regarding wrong
behaviors, perceived risks in this study refer to dating app users’ perception and eval-
uation of the possible negative results from personal data disclosure. The known risks
perceived by dating apps include fake men/women and sales of personal data, which,
fueled by the reported cases of data breach and user exposure, could raise user concerns
about their privacy. Perceived risks could also lead users to the conviction that they lose
control of their privacy once logging into a dating app [23]. Moreover, users with ethical
misgivings are more likely to associate dating app usage with the various risks. Given
such discussion, the following hypotheses can be proposed:

H4: Ethical misgivings are negatively associated with perceived autonomy.



164 Z. Ma et al.

H5: Ethical misgivings are positively associated with perceived risks.
H6: Perceived risks are negatively associated with users’ adoption of dating apps.

The above hypotheses constitute a theoretical framework (see Fig. 1), which was
empirically tested.

Fig. 1. Conceptual framework

3 Methods

3.1 Measures

1) Arousing benefits (AB)
The scale for ‘arousing benefits’was adapted from ‘sensational seeking’ inHarden&
Tucker-Drob [24]. The three items include ‘I enjoy the sensational benefits promised
in this app’, ‘I enjoy new and exciting experienceswith new people through this app’,
and ‘Life without sensations in it could be too dull for me’. All items were rated on
a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree). The Cronbach
alpha of this variable was 0.89.

2) Ethical misgivings (EM)
The scale for ‘ethical misgivings’ was adapted from ‘underreporting ethics’ in Glen-
thorne and Kaplan [25]. The five items include ‘When using this app, I will feel
guilty’, ‘Using this app goes against my moral principles’, ‘I think it is morally
wrong to use this app’, ‘I think it is unfair for my family/partner if I use this app’,
and ‘I think it is dishonest to use this app’. All items were rated on a 7-point Lik-
ert scale (1 = strongly disagree, 7 = strongly agree). The Cronbach alpha of this
variable was 0.91.

3) Perceived autonomy (PA)
The scale for ‘perceived autonomy’ was adapted from ‘perceived loss of autonomy’
in Rauschnabel, He, and Ro [26]. The four items include ‘When using this app, I
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couldmaintainmy control over the activities’, ‘When using this app, I couldmaintain
my discretion over my decisions,’ ‘When using this app, I could maintain control
over each step of various situations’, and ‘When using this app, I could decide what
activities the developers can monitor.’ All items were rated on a 5-point Likert scale
(1 = strongly disagree, 5 = strongly agree). The Cronbach alpha of this variable
was 0.90.

4) Perceived risks (PR)
The scale for ‘perceived risks’ was adapted from ‘perceived risks’ in Chopdar et al.
[9]. The four items include ‘I believe that this app could bring negative consequences
to me’, ‘I believe that I should follow recommendations to reduce the risk of privacy
breach’, ‘The risk of privacy breach is higher using this app than shopping apps’, and
‘I believe that the risk of privacy breach is high low when using this app frequently’.
All items were rated on a 5-point Likert scale (1 = strongly disagree, 5 = strongly
agree). The Cronbach alpha of this variable was 0.92.

5) Dating app adoption (DA)
The scale for ‘dating app adoption’ was adapted from ‘branded app adoption’ in
Hsieh, Lee, and Tseng [20]. The three items include ‘I intend to continue using this
app rather than discontinue its use’, ‘I intend to increase my use of this app in the
future’, and ‘If I could, I would like to continue my use of this app’. All items were
rated on a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree). The
Cronbach alpha of this variable was 0.87.

6) Control variables
We controlled the variables that might give alternative explanations for the fac-
tors that affect user adoption of dating apps, including user age, gender, educa-
tion, income, and relationship status which are used in related studies (e.g., Lutz &
Ranzini, 2017) [27].

3.2 Sampling

The sample comprised 682 employees from two construction firms in Chongqing, China.
With the help of the human resources department of each firm, we sent survey links to
employee WeChat through a Wechat group. Those employees were selected because
they often worked and lived at construction sites that were far from downtown areas and
lacked entertainment facilities. We informed respondents that the survey was voluntary
and that their names and responses would be kept confidential and used only for this
study. To improve the response rate, we gave each respondent one bottle of soft drink
(US $ 0.7). Among the 682 invited employees, 319 of them provided valid responses.
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4 Results

4.1 Common Method Bias

To check the problem of common method bias, we conducted Harman’s single-factor
test. The analysis returned five factorswith eigenvalues greater than 1,with the first factor
explaining less than 40% [27] of the variance (39.41% of 78.48%). This suggested that
there were no serious indications of common method variance.

4.2 Confirmatory Factor Analysis

To ensure the construct validity of the variables, we first undertook a series of confirma-
tory factor analyses (CFA) to evaluate the convergent and discriminant validities [28] of
the five variables (i.e., arousing benefits (AE), ethical misgivings (EM), perceived auton-
omy (PA), perceived risks (PR), & dating app adoption (DA)), and then used Mplus 8.0
to analyze all hypotheses.

As is shown in Table 1, when the hypothesized model is compared with a series of
competing models, the five-factor model indicates the best fit of all. The values on the fit
indices showed that the five-factor CFA model provided a good fit for the data (χ2/DF
= 1.129, CFI = .996, TLI = .995, RMSEA = .020, and SRMR = .031). This result
offered a significant improvement in chi-square over a series of competing models.

Table 1. Confirmatory factor analysis of the models

Model Description χ2 DF χ2/DF CFI TLI RMSEA SRMR

Hypothesized
model

Five-factor
model

160.25 142 1.129 .996 .995 .020 .031

Model 1 Four-factor
model

878.194 146 6.015 .824 .794 .125 .109

Model 2 Three-factor
model

1332.589 149 8.944 .715 .673 .158 .132

Model 3 Two-factor
model

1934.701 151 12.813 .571 .514 .192 .125

Model 4 One-factor
model

2341.353 152 15.404 .474 .408 .212 .140

Note: CFI = Comparative Fit Index, TLI = Tucker-Lewis Index, RMSEA = Root Mean Square
Error of Approximation, SRMR = Standardized Root Mean Square Residual

4.3 Correlation, Reliability, and Discriminant Validity

Means, standard deviations, Cronbach’s alpha and correlations of all variables used in
this study are provided in Table 2. Table 2 shows that all Cronbach’s alphas are higher
than the suggested 0.70, thereby indicating a good reliability [29]. Andwe also examined
the discriminant validity. The square roots of AVEs were higher than their correlation
coefficients with other factors that strongly support the discriminant validity [30].
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Table 2. Descriptive statistics, reliabilities, correlations, and discriminant validities.

Mean SD Cronbach’s Alpha AB EM PA PR DA

AB 2.60 0.91 .89 .85

EM 3.99 1.72 .91 −.42** .81

PA 3.61 1.01 .90 .35** −.42** .84

PR 3.61 0.91 .92 −.41** .43** −.40** .86

DA 3.85 1.09 .87 .19** −.21** .42** −.35** .84

Notes: **, p < 0.01
AB, arousing benefits; EM, ethical misgivings; PA, perceived autonomy; PR, perceived risks; DA,
dating app adoption. N = 319. Square roots of AVEs are on the diagonal.

4.4 Hypothesis Testing

According to Table 3, the result of the path analysis demonstrates that AB has a positive
effect on PA (β = .21, p < 0.05), hypothesis 1 was supported; PA has a positive effect
on DA (β = .38, p< 0.05), hypothesis 2 was supported; AB has a negative effect on PR
(β =−.31, p< 0.05), hypothesis 3 was supported; EM has a negative effect on PA (β =
−.39, p < 0.05), hypothesis 4 was supported; EM has a positive effect on PR (β = .32,
p < 0.05), hypothesis 5 was supported; PR has a negative effect on DA (β = −.25, p <
0.05), hypothesis 6 was supported.

Table 3. Results of hypotheses testing

Path STD.Estimate STD.Est./S.E. P-Value

AB-PA .21 3.42 .00

EM-PA −.39 −6.71 .00

AB-PR −.31 −5.20 .00

EM-PR .32 5.44 .00

PA-DA .38 6.64 .00

PR-DA −.25 −4.10 .00

Notes: AB, arousing benefits; EM, ethical misgivings; PA, perceived
autonomy; PR, perceived risks; DA, dating app adoption.

5 Discussion

The rise of dating apps and the breaches of user data generate many problems regarding
user interest and wellbeing. So far, dating app providers have mostly focused on designs
and user experience, while researchers [13] increasingly raise alarms on the social con-
cerns of user privacy on dating apps. We respond to such concerns by empirically testing
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how dating app usersmake trade-off decisions between the arousing benefits available on
dating apps and their ethical misgivings. Our results suggest that the arousing contents
from dating apps and users perceived autonomy lead to repeated dating app adoption.
In contrast, users’ ethical misgivings combined with perceived risks would discourage
them from using dating apps.

5.1 Theoretical Implications

This paper contributes to the research in the interdisciplinary field of privacy paradox that
involves big data, artificial intelligence, user experience, and ethics. Previous paradox-
related studies investigate the ethics of firms and how consumers perceive privacy risks
related toAI-based apps [8, 14]. In the unique context of dating app adoption,we advance
knowledge on this topic by adopting a user perspective. In doing so,we answer the factors
that guide dating app users’ moral behaviors. Unlike mobile shopping apps [9], dating
apps may present ethical concerns for some users, together with consequences that could
be devastating to their families, career, and even lives. We further examined how dating
app users perceive the degree of autonomy they have on the possible privacy disclosure,
and they perceive the associated risks for doing so. Our discus-sion on users’ ethical
misgivings and perceived risks provides a good starting point for scholars to further
explore AI ethics from a user perspective, the implications of such issues for all the
stakeholders (e.g., users & their families).

5.2 Practical Implications, Limitations and Future Research

We suggest that AI-based dating app developers consider more stakeholders (e.g., users
and their families) when designing the app interfaces. For instance, messages could be
developed when collecting user demographic information (e.g., relationship status) to
raise their concerns of ethical consumption, and remind them of the moral consequences
of their behavior on dating apps.Now thatAI-based dating apps could, at user permission,
obtain data through other social media platforms (e.g., Facebook & Instagram), AI are
likely to deduce the relationship status of users and identify fake information, dating app
developers are encouraged to take the social responsibility to establish an ethical and
healthy environment for users who can ethically benefit from these apps.

This study is also subject to limitations that suggest future research. First, we col-
lected data from construction workers who often live separately with families, assuming
that they aremore likely to adopt dating apps than those living close to families and going
home on a daily basis. Future research could include users of various careers in the study.
Second, we used cross-sectional data, i.e., data collected at one point in time. Future
research can collect data at different points in time through longitudinal methods. More-
over, users are often unaware of the ethical misgivings and perceived autonomy/risks
that guide their dating app adoption, so self-reported questionnaires are not sufficient to
capture the moments and reasons why users feel that their specific behavior is ethically
right or wrong. Future studies could adopt qualitative and observational methods for a
finer picture of the topic.
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Abstract. Smartphone usage had often been measured using self-reported time
estimates. Due to the limitations of such self-reports (e.g., effects of social desir-
ability or limited memory performance), this type of measurement had often been
criticized. Users tended to overestimate or underestimate their screen time. The
goal of the current study was to examine the accuracy of estimated screen time,
identify predictors of this accuracy and explore the impact of accuracy feedback on
users’ well-being and their motivation to limit future smartphone use. In an online
survey N = 153 participants (68.6% female) were asked about their well-being,
mindfulness, motivation for future limitations of smartphone use and to estimate
their smartphone screen time. Moreover, objective screen time was measured
with the help of built-in applications: Digital Wellbeing (Android) and Screen
Time (iOS). The analyses showed that significantly more subjects underestimated
themselves than overestimated themselves. After being provided with feedback
on the accuracy of their screen time estimations, participants reported their well-
being and their motivation for smartphone limitation, again. Results showed that
objective screen time, compulsive phone use and mindfulness did not predict the
accuracy of screen time estimations. Feedback on estimation accuracy did not
affect limitation motivation but (partially) well-being. The perceived impact of
Covid-19 pandemic significantly affected both well-being and limitation motiva-
tion. The present paper interprets and relates the results to research in this area
and derives implications for future research.

Keywords: Smartphones · Use estimation · Self-reports accuracy · Screen time
measurements · Digital well-being ·Mindfulness

1 Introduction

People use their smartphones frequently in their everyday lives [see 1]. Ohme et al. [2],
for example, reported an average frequency of 70 smartphone uses per day and a daily
usage time of more than four hours. With the growing popularity of the smartphone
in recent years, its use and associated impact on people’s lives have become popular
research topics [see 3–5]. For example, Lee et al. [6] showed in a study that one minute
of adolescents’ daytime smartphone usagewas associatedwith 0.12min decrease in their
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total sleeping time the following night. Research also shows that an immediate change in
one’s usage behavior is not at all obvious: even if users are aware of the negative effects
of excessive smartphone use, their usage duration will not decrease, and they will not ask
for help to reduce it [7]. In this context, a few studies have begun to analyze measures of
smartphone usage, which in most cases are users’ estimation of their duration of usage
[2, 8, 9]. However, research on users’ estimated smartphone use and the consequences
of an overestimation as well as an underestimation of its impact on their emotions and
cognitions is still rare [see 9]. To address this research gap, the present paper aims for
the analysis of (1) the accuracy of screen time assessments as well as its influencing
factors and (2) users’ well-being and motivation to limit smartphone use after they have
been presented numbers of both their own estimation and their actual smartphone usage
duration.

This paper begins with a summary of previous research on smartphone usage data as
well as different measurement approaches studies have carried out. Then, an overview
of the risks of problematic smartphone use and its consequences are presented, which
lead over to possible interventions to maximize users’ mindfulness and well-being. In
line with previous research, we carry out an intervention aiming for an increase in users’
awareness. More concrete, we present the participants with accuracy feedback regarding
their self-estimated smartphone use compared to an objective screen time, we take from
the smartphone settings. Furthermore, we analyze the impact of associated factors on
participants’ accuracy of their screen time estimation and its consequences regarding
users’ well-being and motivation to limit smartphone use in the future. As the study was
conducted during the COVID-19 pandemic, we controlled for the impact of this specific
time to allow a comparison with research conducted before the pandemic.

2 Theoretical Background and Hypotheses

2.1 A Subsection Sample

Accompanying their owners 24/7 led researchers to even call the smartphone a “digital
companion” [10], which seems to be more to their owners than just a technical device.
Current statistics show that smartphones take an integral part in our daily lives and
are in permanent use, resulting in usage times from almost three [5] or five [1, 11]
up to nine hours [12]. To assess usage times, most studies use self-reported data of the
participants [see 5, 11], which is associatedwithmethodological limitations [see 13–15].
To date, no consistent self-report measure for screen time is available [14]. Additionally,
self-reporting is prone to social desirability biases [13], and people have difficulties in
exactly recalling and assessing their behaviors, especially ones that occur very often
[15]. Built-in applications (apps) such as iOS Screen Time [16] or Digital Wellbeing
[17] offer a more objective alternative. First studies compared users’ estimated screen
time to automatically recorded analyses and found conflicting results regarding both
overestimations and underestimations of screen time [see 2, 8, 9]. Schulz van Endert
and Mohr [18], for example, reported that 71% of their participants overestimated their
smartphone use. Comparing self-reports to iOS Screen Time data, Hodes and Thomas
[8] also noticed an average overestimation. However, in other studies referring to the
same iOS function, most of the sample underestimated one’s own daily smartphone use
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[2, 9]. For example, Felisoni und Godoi [19] observed a 48.5% higher objective vs.
self-estimated screen time.

Summarizing, valid and reliable measurements of usage are a crucial challenge of
current media effects research, which often investigate associations between (increased)
usage times on the one hand and negative effects on the other. To gain valuable insights
and to successfully replicate and compare studies, research needs valid and reliable
instruments. Research so far, however, relies on very different measure approaches
resulting in limited comparability.

Sewall et al. [9] complement the effects of non-accurate self-assessments and point
out further factors which limit assessment accuracy: besides well-being, the user’s actual
screen time was found to influence the accuracy of estimated screen time assessments.
Moreover, research shows that problematic smartphone use, also known as compulsive
use [20] leads to deficient self-regulation and negative outcomes [21] and is proba-
bly associated with decreased users’ self-awareness potentially affecting estimations of
usage times [22]. Furthermore, mindfulness - a sub-dimension of self-compassion [23],
which describes “the state of being attentive to and aware of what is taking place in the
present” [24, p. 822] - has been shown to impact people’s perception of time [see 25].
Consequently, mindfulness could also affect the accuracy of smartphone use estimates.

Although omnipresent in media research, only little research focuses on the analyses
of estimation accuracy and potential factors causing biases in the estimates. Addressing
this gap, our first research question asks:

RQ1: How accurate are self-reports of screen time and which factors influence the
accuracy?

2.2 Impact of Smartphone Use on Users’ Well-Being

Negative consequences of media and smartphone use is a major topic of current media
research [4, 5]. While popular media tend to overemphasize the idea of addictive smart-
phone use [26], researchers prefer terms like compulsive or problematic smartphone use
[9, 27, 28]. Problematic smartphone use is described as an uncontrolled and habitual use
of the smartphone [29] with negative consequences for the user’s life [26] in terms of
both physical and psychological effects [5, 30] with a range from problems with neck
muscles [30] to the loss of self-control [5, 19] as well as increased emotional instability
[5].

One research focus is on the analysis of the impact of phone use on subjective well-
being, which can be described as general happiness, that not only consists of constant
positive affect, but also rare negative affect and cognitive evaluations [31, originally
from 32]. Looking at previous research on the association between smartphone use
and subjective well-being, studies show that especially problematic smartphone use
is positively related to negative affect [see 33, 34]. One possible explanation for this
relation is that people with greater negative affect use their smartphone as a means for
compensation [33].

Despite the dominant perspective on negative consequences some work also show
positive outcomes. In the same study, Horwood and Anglim [34] reveal that smartphone
use for communication, like voice calls or SMS, is positively associated with positive
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affect, as well as negatively related with negative affect. “The positive experience of con-
necting directly with personally important others” might explain this association [34,
p. 9]. Studies analyzing users’ awareness regarding their smartphone usage behavior
showed that intensive, compulsive smartphone use leads to an underestimation of smart-
phone use [35, 36] and is negatively associatedwith smartphone vigilance [22].However,
research showed that errors in the estimation of digital technology use is associated with
users’ well-being [9, 37]. We carefully consider our intervention as a technique to max-
imize users’ self-awareness in terms of their smartphone usage behavior and ask the
following second research question:

RQ2: How does underestimation of smartphone use influence users’ well-being?

Since March 2020 the corona virus has been acknowledged as a worldwide pan-
demic that is still ongoing in 2022 [38]. This state of exception has shown to impact
everyone’s daily life by reducing well-being [39] and increasing peoples’ anxiety [40].
Consequently, we analyzed the second research question controlling for the impact of
the COVID-19 pandemic on participants’ well-being.

2.3 The Impact of Interventions: Feedback on Inaccurate Estimations of Phone
Use

Mindfulness techniques were shown to have an impact on emotion regulation processes
[41]: more self-awareness leads to a more effective dealing with negative emotions
and challenging situations [23]. In this context, mindfulness was positively associated
with smartphone vigilance [25] as mindful users can recognize excessive (social) media
behavior [42]. Previous research on smartphone usage and well-being showed that more
mindful smartphone use leads to reduced usage [43] and increased well-being [see 44–
46]. In this context, research refers to “digital well-being” to describe an optimal balance
between the advantages and disadvantages of smartphone and technology use as a key
factor of a healthy life in our digitized world [47, 48]. Studies analyzing users’ digi-
tal well-being and mindfulness carry out different techniques as interventions, whereas
“Digital detox” as an intervention to reduce negative effects of smartphone use and pre-
vent problematic use has become a trend in recent years [46]. Accordingly, smartphone
users “consciously decide to disconnect entirely from email, social media, news and the
internet in general” [49, p. 361]. Apps that record and display screen time can also play
an important role for reducing negative effects concerning smartphone use [46] and can
support the improvement of digital self-awareness [50]. Additional features, such as lim-
iting the usage time for certain apps [51] are common among so-called “Digital Detox
apps” [46]. For example, the DigitalWellbeing for Android users and iOS’s Screen Time
allow a detailed collection of smartphone use data and provide graphical representations
of several intervals of usage of certain apps [17, 52]. In addition, smartphone users can
limit the utilization time of apps [17, 53], set up timeouts [16] and deactivate notification
signals [17]. The use of such apps showed positive consequences in terms of screen time
and problematic smartphone use [46, 51]. These results were explained with processes
of self-regulation and mindfulness [46, 51], allowing users to compare their own behav-
ior to inner standards. Referring to the idea of “cognitive dissonance”, discrepancies
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between one’s own behavior and one’s standards might cause motivation to adjust one’s
behavior [54]. However, research on “cognitive dissonance” knows about the stability of
behavior. Thus, it is not certain that people really change their usage behavior. To reduce
cognitive dissonance, they can make use of several mechanisms: change their behavior,
change the cognition (e.g., their standards), justify their behavior or ignore conflicting
information [55]. Consequently, the effects of becoming aware of discrepancies between
one’s own estimations and actual measures can result in processes of self-regulation and
mindfulness [46, 51]. However, following the predictions of “cognitive dissonance the-
ory” the multiple outcomes of this mis-assessments are largely unexplored. To further
explore the underlying mechanisms, the third research question asks:

RQ3: How does the awareness of underestimated usage time influence users’ motivation
to limit smartphone use?

Previous research showed that the COVID-19 pandemic affects smartphone use [see
8, 56, 57].Hodes andThomas [8] reported a significant increase in smartphone use during
lockdown while Fernandes et al. [56] showed a rise in the use of social network sites and
streaming services. A study by Ohme et al. [57] concentrated on smartphone use in the
first week of the pandemic in Belgium and found that the objective screen time raised,
on average, by about 28% or 45 min. The researchers described the smartphone as “key
instruments that help citizens stay informed, in sync, and in touch with society during
times of crisis” [57 p. 1]. Therefore, when analyzing RQ3, the impact of the COVID-19
pandemic on participants’ smartphone usage behavior needs to be considered.

2.4 Hypotheses

To summarize research so far, smartphones are ubiquitous in peoples’ lives and are
frequently used every day [1, 2]. Research on the effect of this usage often relies on
self-reports as a method to measure smartphone usage. However, studies showed that
participants’ ratings lack accuracy [2, 8, 9, 13–15]. Particularly, the average daily screen
time was often underestimated [2, 9]. Thus, the first hypothesis (H1) postulates:

H1: Participants underestimate their smartphone use significantly more often than they
overestimate it.

Research revealed that interindividual differences not only influence the way media
and especially smartphones are used but also affect users’ estimates of smartphone
use [58, 59]. In this context, on the one hand, objective smartphone use [9, 35] and
compulsive smartphone use were negatively associated with smartphone vigilance [22].
Moreover, intensive (compulsive) smartphone use was positively associated with habit-
ualization [29] and negatively related to autonomy and self-control [34] leading to an
underestimation of actual smartphone use [36]. Mindfulness was positively associated
with smartphone vigilance [25] as mindful users could recognize excessive (social)
media behavior [42]. Against this background, H2 assumes the combination of these
predictors to significantly explain the variance of the accuracy of estimated smartphone
use:
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H2a: Objective smartphone use is a significant predictor of the accuracy of the estimated
smartphone use.
H2b: Perceived compulsive smartphone use is a significant predictor of the accuracy of
the estimated smartphone use.
H2c: Mindfulness is a significant predictor of the accuracy of the estimated smartphone
use.

Previous studies showed discrepancies between the estimated and the objective
screen time [2, 9]. Digital detox apps and screen time tracking can assist with getting
aware of this discrepancy, because they enable a comparison between the estimation and
objective screen time [16, 53] and improve digital self-awareness [50] or result in self-
regulation processes and mindfulness [46, 51]. Reflecting on the discrepancy between
a person’s standard (here: estimated smartphone use) and its behavior (here: objec-
tive smartphone use) can evoke cognitive dissonance between people’s self-image and
their actual behavior [55]. Cognitive dissonance is experienced as psychological stress
known to be associated with a decrease of positive emotions and an increase of negative.
Consistently, research showed that errors in the estimation of digital technology use
is associated with users’ well-being [9, 37]. Moreover, public and academic discourse
refers to intensive smartphone use as “problematic” and therefore as not desirable. Con-
sequently, feedback on one’s underestimation of smartphone use should result in less
stressful cognitive dissonance than to learn that you are using the phonemore intensively
than you have thought and reported. As a result, the third hypotheses distinguish between
underestimation and overestimation and postulate different reactions:

H3a: Feedback on one’s underestimation results in less positive affect than feedback on
one’s overestimation.
H3b: Feedback on one’s underestimation results in more positive affect than feedback
on one’s overestimation.

As people seek psychological consistency, perceived discrepancies or cognitive dis-
sonances and resulting psychological stress lead to people’s intention to reduce the
cognitive dissonance [55]. Thus, the feedback on inconsistencies between the estimated
and the actual screen time could function as a motivator to reduce one’s screen time.
Therefore, H4 postulates:

H4: Feedback on one’s underestimation results in a higher motivation to reduce future
smartphone use than feedback on one’s overestimation.

Various studies showed an impact of the COVID-19 pandemic on people’s well-
being [see 39, 40] as well as smartphone use [8, 56], which is why the impact of the
COVID-19 pandemic was considered as a covariate for H3a, H3b and H4.
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3 Methods

3.1 Participants

153 German speaking participants (46 males, 105 females, 2 diverse) with an age range
from 15 to 70 years (M= 26.88; SD= 9.92) took part in an online survey. A little more
than half of the participants were users of Apple’s smartphone with the iOS operating
system (n = 86). The rest used a smartphone with the Android operating system (n =
67). On average, participants spend about 3.5 h a day (M = 209.53 min, SD = 102.95)
using their phone. A total of 56 participants were already using digital detox apps.

3.2 Design and Procedure

In a causal-comparative designed study with two measurement times, participants were
asked to answer an online questionnaire. At the beginning of the survey participants were
welcomed and informed about the course of the study and agreed to the ethical guidelines
of theGermanPsychologicalAssociation aswell as their participation. Then, participants
had to answer demographic questions before continuing with the scales for well-being
(focus on state), mindfulness and compulsive smartphone use (pre-feedback measures).
Next, they were asked to estimate their average daily smartphone use and assess their
motivation for limiting their smartphone use. Afterwards, they were instructed to look
up their objective screen time in terms of their average daily screen time of the last week.
Depending on their smartphone operating system, they were guided via screenshots to
the settings of their phones to report the precise amount of screen time (Fig. 1).

Fig. 1. Screenshot of how to look up the objective smartphone use for smartphones with an iOS
operating system using iOS Screen Time
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In the next step, participants received accuracy feedback on their estimation of
smartphone use compared to the objective measure (“Your estimation: xx minutes, Your
objective screen time: xx minutes”). In addition, they had to evaluate their accuracy of
estimated smartphone use. By choosing the fitting statement, they stated whether they
estimated their smartphone use correctly, overestimated, or underestimated it. Next,
participants were again asked for their current well-being (focus on current state) and
their motivation for limiting their smartphone use. Finally, participants indicated the
extent to which the ongoing COVID-19 pandemic affected both their well-being and
their smartphone use.

3.3 Measures

Following the procedure of the study, measures are presented in the order of their query.
Thereby, we distinguish between measures, which are presented before (baseline mea-
sures) and after the feedback on the comparison of estimated with objective screen
time.

Baseline Measures. Inspired by Sewall et al. [9] and Ohme et al. [2], estimated smart-
phone use was measured using self-reports. Participants were asked to answer the open
question “On average, howmanyminutes per day do you use your smartphone?”. Smart-
phone use was considered as every interaction with the smartphone - except for back-
ground activities such as listening to music as they are not tracked by the used apps [see
17, 52].

To indicate the objective smartphone screen time, the applications Digital Wellbeing
(for Android users) and Screen Time (for iOS users) were used. In accordance with
the methodological approach of Sewall et al. [9], participants were instructed to open
these statistics in their settings to then type in the answer (in minutes per day) of the
following question “According to the app, howmuch daily time did you spend with your
smartphone last week on average?”.

The accuracy of estimated smartphone use was calculated in three different ways:

(1) The accuracy index of estimated smartphone use was calculated following the ana-
lytical approaches of Ohme et al. [60] and Timotijevic et al. [61]: the difference
between the estimated and objective smartphone use was divided by the objective
smartphone use. As a result, a value ranging from 1 (100% overestimation) to −
1 (100%, underestimation) indicates how much subjects overestimated or under-
estimated their own usage. To use the accuracy index for an overall comparison
regarding participants’ errors in their estimation for H2 we changed the minus
signs from the underestimation values to positive signs to get an overall accuracy
index with a value from 0 (complete accuracy between estimated smartphone use
and objective screen time) to 1 (least accuracy with an under-/overestimation of
100%) for the dependent variable for H2.
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(2) The objective accuracy grouping aimed for the differentiation of participants based
on their accuracy of smartphone use estimation. It is based on (1) the percentual
accuracy index and distinguishes three groups [61]: (A) “correct estimation” includ-
ing participants with a maximum discrepancy of −10 or +10%), (B) “overestima-
tion” with more than +10% deviation and (C) “underestimation” with a deviation
of more than −10% (dependent variable for H1).

(3) The perceived accuracy grouping also aims for the differentiation of participants.
After participants have been presented with the comparison of their estimated and
objective screen time, they were instructed to assign themselves to one out of three
groups: (A) “I spend more time on the smartphone than I estimated.” (B) “I spend
as much time on the smartphone as I estimated.” or (C) “I spend less time on my
smartphone than I estimated.” (independent variable smartphone use estimation for
H3 & H4).

Problematic smartphone usewasmeasured using a German translation of the “Com-
pulsiveUsage ofMobile Phones Scale” [originally from27, translated by 11]. By answer-
ing 13 items (i.e., “The first thing I do each morning is to check my mobile phone for
missed calls or messages.”) on a 7-point Likert scale (from 1 “not correct at all” to 7
“fully correct”) subjects rated how much they agreed with the given statements. For
analysis a mean score was determined. The scale had an internal consistency of α = .86.

For measuring mindfulness, the German translation of the “Mindfulness Attention
Awareness Scale” (MAAS) by Michalak et al. [62, originally from 24] with 15 items
was used (i.e., “I do jobs or tasks automatically, without being aware of what I’m doing.”
or “I find myself preoccupied with the future or the past.”). On a 6-point Likert scale
(from 1 “almost never” to 6 “almost always”) participants rated how often they currently
experience the given situations. To avoidwrong answers due to a change in the orientation
of the scale, theMAAS scale was reversed. For the analysis, answers were reversed again
and a MAAS score for each subject was calculated ranging from 15 to 90. The internal
consistency of the MAAS was α = .88.

The study took place during the COVID-19 pandemic. To consider the influence of
the COVID-19 pandemic on smartphone use and well-being two newly developed items
were presented (“How much do you feel negatively influenced in your smartphone
use behavior by the COVID-19 pandemic?” and “How much do you feel negatively
influenced in your well-being by the COVID-19 pandemic?”). On a 5-point Likert scale
(from 1 “not at all” to 5 “very much”) subjects rated the perceived amount of influence
of the COVID-19 pandemic.

Repeated Measures. Well-being was measured using the German translation of the
“Scale of Positive andNegativeExperience” (SPANE)byBerend andVogt [63, originally
from 64]. The scale consists of 12 statements (six items for negative experience and six
items for positive experience, i.e.: “… I was angry”, “… I was frightened” for negative
experience or “(„… I had good feelings”, “… I felt happy” for positive experience).
Well-being was measured two times. First, subjects rated how often they experienced
each condition in the past four weeks on a 5-point Likert scale (from 1 “never or rarely”
to 5 “very often or always”). Second, and after they were provided with feedback on
the accuracy of their smartphone use estimation (factor 2: feedback pre/post), subjects
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rated their agreement with each condition at this very moment, again on a 5-point Likert
scale (from 1 “not at all” to 5 “totally”). Following Diener et al. [64], the item values of
the positive and negative experience were indexed separately (Scale range 6 to 30). The
internal consistency of the positive scale was α = .92 (baseline) and α = .94 (state after
the intervention). The negative scale had an internal consistency of α = .84 (baseline)
and α = .90 (after the intervention).

Motivation to limit smartphone use was measured by one item (“I am motivated to
rethink and limit my smartphone use.”), which was rated on a 5-point Likert scale (from
“fully disagree” to “fully agree”).

4 Results

4.1 Descriptive Analyses

The descriptive analysis of all measures is presented in Table 1. Subjects estimated
an average smartphone screen time of M = 180.84 (SD = 111.96) minutes per day.
Objective screen time measures resulted in M = 209.53 (SD = 102.95) daily minutes.
Across all participants and based on the mean percentage accuracy index, participants
underestimated themselves by an average of 13% (M =−0.13, SD= .31). Based on the
objective accuracy grouping three groups were distinguished: (1) “correct estimation”
(participantswith amaximumdiscrepancy of−10 or+10%), (2) “overestimation” (more
than +10% deviation) and (3) “underestimation” (deviation of more than −10%).

Group (1) includes 23.5% of the total sample estimating themselves correctly. Their
mean estimated screen time wasM = 215.50 (SD= 112.37) minutes, compared toM =
219.17 (SD= 111.65) minutes objectively measured. Estimated and objective measures
deviated by only 1.7% (M = −0.02, SD = 0.05).

Group (2) includes 17.7% of the participants. They overestimated their smartphone
screen time with the estimated time (M = 253.37 min per day; SD = 152.70) being
37.0% (SD = 0.21) higher than their objective measure (M = 182.90; SD = 104.94).

Group (3) includes 58.8% of the subjects who underestimated themselves by more
than 10% with an average estimate of M = 145.22 (SD = 79.15) minutes per day
and an average objective result of M = 213.66 (SD = 98.55) minutes. Contrasting
both measures, the estimated screen time was on average 32.2% less than the objective
measure (M = −0.32, SD = 0.17).

Table 1. Descriptive analysis for all measures

Variable M SD

Estimated smartphone use min/day 180.84 111.96

Objective screen time min/day 209.53 102.95

Accuracy index of estimated smartphone use −.13 .31

Problematic smartphone use 2.89 1.02

Motivation to limit smartphone use (pre feedback) 3.48 1.17

(continued)
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Table 1. (continued)

Variable M SD

Motivation to limit smartphone use (post feedback) 3.47 1.20

Negative affect (pre feedback) 15.60 4.35

Negative affect (post feedback) 13.01 4.85

Positive affect (pre feedback) 21.64 3.96

Positive Affect (post feedback) 20.49 4.54

Mindfulness 61.40 11.55

Influence of COVID-19 pandemic on well-being 3.68 1.04

Influence of COVID-19 pandemic on smartphone use 3.22 1.38

4.2 Hypothesis Testing

A binomial test was used to inference statistically test hypothesis H1 with the objec-
tive accuracy grouping, postulating that significantly more participants underestimated
(group 3) their screen time than overestimated it (group 2). Based on the distinguished
groups from 3.3.1 (and 4.1, descriptive analyses), we compared group 2 (overestimation)
with group 3 (underestimation). The test for binomial distribution showed that signifi-
cantlymore participants underestimated themselves (50%more) than they overestimated
themselves, p < .001. The proportion of underestimating participants was 77.0% and of
overestimating participants was 23.0%.

To test hypotheses H2a-c a multiple linear regression was calculated to predict
the accuracy index from objective screen time, perceived compulsive phone use and
mindfulness. No significant regression equation was found (F (3, 149) = .11, p = .95.),
with an R2 of .002. Objective smartphone use (β =−.05, SE = .00, p= .59), compulsive
phone use (β = .05, SE = .02, p = .65) and mindfulness (β = .01, SE = .002, p = .88)
were not significant predictors of the accuracy of estimated smartphone use.

Hypotheses H3a-b refers to participants’ ratings after they had been provided with
feedback on their accuracy of their time estimations. H3a-b assumed that underestimat-
ing participants reported significantly less positive affect (H3a) and significantly more
negative affect (H3b), compared to overestimating or correctly estimating participants. A
one-way repeated measures ANCOVAwas conducted with two factors: (1) “smartphone
use estimation” (factor levels: overestimation, correct estimation, underestimation) and
(2) “accuracy feedback” (factor levels: pre, post), the dependent variables positive and
negative affect. Participants’ perceived impact of the COVID-19 pandemic was inte-
grated as a covariate. A significant interaction was found (Fig. 2) between time and
separation for negative affect (F (2, 149) = 4.28, p = .03, η2 = .05), but not for positive
affect (F (2, 149) = 1.04, p = .36, η2 = .01).
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Fig. 2. Effects of accuracy of smartphone use estimation and feedback (pre/post) on negative
affect (range from 6 to 30) controlling for COVID-19 well-being.

In contrast to our assumptions, pairwise comparisons showed that participants who
underestimated themselves reported significantly less negative affect after the feedback
than before - compared to participants who overestimated or estimated correctly (see
Table 2). Consequently, Hypotheses 3a and 3b were rejected.

Table 2. Descriptives for the interaction of the independent variable x time for negative affect

Feedback Estimation of smartphone use M SD

Pre Under 15.31 4.59

Correct 15.21 4.03

Over 17.33 3.61

Post Under 13.48 5.11

Correct 12.21 4.07

Over 12.58 4.98

Notes. The scale negative affect has a range from 6 to 30

Analyses of the intraindividual effects comparing measures before and after the
accuracy feedback did not reveal a significant main effect of pre/post feedback neither
for positive affect, F (1,149) = 1.53, p = .22, η2 = .01 nor for negative affect, F (1,149)
= .14, p = .71, η2 = .001. Analyzing the interindividual effects of smartphone use
estimation, no significant main effect was found neither for positive affect (F (1,149) =
.11, p= .90, η2 = .001) nor negative affect (F (1,149) = .21, p= .81, η2 = .003). For both
well-being measures the covariate influence of COVID-19 pandemic was significant
with p < .001.

Hypothesis H4 assumed that participants who had learnt that they underestimated
their smartphone reported significantly higher motivation to limit their smartphone -
compared to overestimated or correctly estimating participants. A one-way repeated
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measures ANCOVA was conducted with two factors: (1) smartphone use estimation
using the perceived accuracy grouping measure (factor levels: overestimation, correct
estimation, underestimation), (2) the accuracy feedback (factor levels: pre, post) and par-
ticipants’ perceived influence of the COVID-19 pandemic as a covariate. No significant
interaction (F (2, 149) = 1.55, p = .22, η2 = .02) or main effects were found, so H4 was
rejected. The perceived impact of the COVID-19 pandemic was a significant covariate,
again (p < .001). However, descriptively, the data seem to confirm the assumption at
least per tendency. After the accuracy feedback, participants who underestimated their
smartphone usage reported a minimally higher motivation to limit their use whereas
overestimating or correctly estimating participants reported a minimal decrease (Fig. 3).

Fig. 3. Effects of accuracy of smartphone use estimation and feedback (pre/post) on motivation
to limit smartphone use (range from 1 to 5) controlling for COVID-19 smartphone use.

5 Discussion

The study’s aim was to analyze users’ estimated smartphone use and compare it to the
usage derived from the phone’s settings. Furthermore, the study aimed for the analysis of
the impact of feedback on the users’ objective phone usage, on their emotions and their
willingness to limit their smartphone use in the future. Descriptive statistics indicated
an average estimated screen time of three hours but an objective amount of about 3.5 h.
Regarding other studies, both the estimated and the objective screen time of the present
sample were lower compared to other studies (see [1] with 5.05 h for objective screen
time and 4.12 h for estimated use) or even only half as large [see 12]. Compared to
research so far, the present study revealed rather small deviations between objective
and estimated screen time [9, 13]. Consequently, we would interpret this finding as a
first indicator of the validity of self-assessments of smartphone usage time. However,
with about two third underestimating their usage by more than 10%, this study clearly
confirmed the overall tendency of users to underrate the time they spendwith their device
resulting in the call for more fine-grained measures.
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Regardinghypothesis 1 (subjects significantlymore often underestimate their smart-
phone use than overestimating it), the results of our study showed that participants
underestimated their smartphone use more often. Thus, our results contributed to the
heterogenous picture so far with research indicating overestimations of smartphone use
[see 8, 18, 65] and studies showing underestimations [2, 9, 19]. Reasons for underesti-
mating smartphone use were discussed by Hodes and Thomas [8] as habitual processes
that could develop in relation to smartphone use and a loss of the sense of time associated
with it [66]. Measurement and response format might also have an influence on the esti-
mation of use [15]. A study by Sewall et al. [9], on the one hand, which used a similar
methodological approach like the present study (by asking for estimated screen time
using open response format as daily use in minutes), for example, also showed a strong
tendency to screen time underestimation. Montag et al. [65], on the other hand, who
asked about weekly screen time, found an overestimation of objective screen time. To
account for the heterogeneity of results in the field and to increase comparability, future
studies should follow the methodological approaches of previous studies very closely
and should distinctly report their approaches. An alternative methodological approach to
increase the reliability of the objective screen timemeasurement would be the controlled
transcription of participants’ smartphone log-data by asking for screenshots [2, 8].

Hypothesis 2 focused on the explanation of the variance of the accuracy index value
of estimated smartphone use and assumed that the three predictors objective screen
time, compulsive smartphone use and mindfulness would significantly contribute to
the explanation. The results showed that none of the predictors was significant and
contrasted previous research showing that intensive (and compulsive) smartphone use
led to a worse accuracy in the estimation of smartphone use [9, 35, 36] and that higher
mindfulness might lead to a better estimation of time and smartphone vigilance [25].
Further dispositional characteristics associated with smartphone use [e.g., self-control,
18, 67; the other subdimensions of self-compassion, 18] should be considered in future
studies and added to the model to explain more variance in the accuracy index.

According to hypothesis 3, subjects underestimating their smartphone use reported
a lower well-being (less positive affect and more negative affect) after they had received
feedback on their objective usage- compared to subjects who overestimated their smart-
phone use. Results were partly in line with our assumptions as participants who underes-
timated their smartphone use reported more negative affect after the accuracy feedback
than overestimating participants. Contrary to our assumptions and previous research, all
three groups reported less negative affect after the accuracy feedback than before the
feedback [9, 37]. One possible reason for participants’ overall decrease in negative affect
could be that their estimation, which on average deviated only half an hour from their
objective use, might have exceeded their expectations. Perhaps, they feared greater devi-
ations when confronted with the unexpected comparison of screen time indicators and
were rather relieved. Against this argument stands the fact that more than one third of the
participants already used digital detox apps, which probably impacted their smartphone
use estimates. Future studies should further analyze how often and since when partic-
ipants use digital well-being functions as a covariate to minimize confounding effects.
However, the fact that the statistical analyses did not show significant results for positive
affect points out the importance of a multifaceted conceptualization of well-being as



The Surprise of Underestimation 185

the subdimensions of the SPANE scale showed different characteristics. Furthermore,
future studies could analyze well-being not only using subjective self-assessments, but
also physiological measurements to derive measures not influenced by social desirabil-
ity. As expected, the impact of the COVID-19 pandemic on well-being was a significant
covariate. Post-hoc analyses showed significant correlations between the COVID-19
pandemic and participants’ well-being (positive affectpre, r = −.34, p = .001; positive
affectpost, r = −.25, p = .002; negative affectpre, r = .42, p = .001; negative affectpost,
r = .21, p = .01) complementing previous research that found negative effects of the
pandemic onwell-being [39, 40]. Future study should consider further confounding vari-
ables, which might impact the emotional experience [e.g., psychological vulnerability,
68, or resilience variables, 69].

Finally, hypothesis 4 assumed that feedback on one’s underestimation resulted in a
higher motivation to reduce future smartphone use than feedback on one’s overestima-
tion. In contrast to our assumptions based on previous research showing that cognitive
dissonances led to an intention to reduce the cognitive dissonance [55], our results
showed no significant change in participant’s motivation to limit their smartphone use
after the accuracy feedback and no significant differences between the three estima-
tion groups based on the perceived accuracy grouping. However, descriptive analyses
showed a trend pointing in the assumed direction (see Fig. 3) as underestimating partici-
pants reported a higher motivation for change after the accuracy feedback than the other
groups. Overestimating participants reported less motivation. As with previous studies
[8, 57], the perceived impact of COVID-19 pandemic had a significant effect on subjects’
motivation to limit smartphone use. Post-hoc analyses showed significant correlations
between the COVID-19 pandemic and participants’ motivation to limit smartphone use
(motivationpre, r = .35, p = .001; motivationpost, r = .51, p = .001) showing that the
more participants perceived to be influenced by the pandemic in their smartphone usage
behavior, the more they were motivated to limit their smartphone use. The smartphone
appeared to play an important role in everyday life, especially in a pandemic, by provid-
ing access to e.g., communication with others, information, or news [57]. As a result,
users were probably more attached to their devices with a more automatic and less mind-
ful smartphone use leading to cognitive dissonances they were likely to reduce when
confronted with it [55]. This study aimed to increase participants’ mindfulness about
their smartphone usage behavior; future studies could further analyze users’ behavior in
a long-term analysis for possible cognitive, emotional, and behavioral changes follow-
ing a long-term mindfulness intervention. Future studies should also consider a more
fine-grained analysis of phone use (e.g., use and motivation to limit certain functions or
apps) and of participants’ cognitions (e.g., regarding their amount of objective smart-
phone use and their evaluation of it). Further confounding variables might have impacted
the results and need to be considered in future research [e.g., nomophobia, 70; FoMO
and attachment, 71].
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6 Conclusion

The current study aimed to analyze the accuracy of screen time assessments and its
influencing factors as well as users’ well-being and motivation to limit phone use in
the future after receiving feedback regarding the accuracy of their smartphone use esti-
mations. The results showed that more users underestimated than overestimated their
smartphone usage and that the accuracy of estimation was not significantly influenced
by the analyzed predictors (usage behavior: objective screen time, perceived compul-
sive phone usage; mindfulness). Consequently, this study leaves open questions about
factors that explain the discrepancies between estimated and actual time. Interestingly,
after being providedwith feedback on the accuracy of their time estimations, participants
reported less negative effect - independently of the type of feedback (under/correct/over)
with underestimating participants reporting the highest levels of negative affect after the
feedback. The intention to reduce one’s smartphone use as one crucial aspect of digi-
tal well-being, was not significantly but at least descriptively affected by the accuracy
feedback. When interpreting the results, the effects of the COVID-19 pandemic on the
participants had to be considered as the perceived impact of the pandemic was shown to
have significant effects on well-being and smartphone use. Across the different studies
within the research area, these effects underline the importance of considering the effects
of an ongoing worldwide pandemic. Moreover, this study points out the importance of
themethodological considerations when it comes to timemeasurements in the context of
media use. The most common way to rely on self-reports seems to be of limited reliabil-
ity as people tend to underestimate their smartphone use. Utilizing built-in applications,
which automatically measure screen time, seem to be a promising way to more reliable
measurement results. In terms of the overall focus on digital well-being, utilizing these
apps could be a promising way to supervise one’s own behavior and to allow reflection,
which might lead to more awareness (and probably happiness) after all.
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Abstract. Humans can interact via the user interfaces is an information system.
Traditional student-centered learning software often has a similar user interface via
which the student can engagewith the software, and the information is provided in a
consistently identicalmanner to all users, regardless of personality type or learning
style. The effectiveness of applications relies on the end user’s acceptance. This
study investigates the viability of incorporating human personality types in user
interface designs in order to have systems that are more usable by all personality
types of people. The primary research question concerns whether a user interface
designed for a given personality type provides for better learning engagement.
This study uses the Myers-Briggs Type Indicator to classify students’ personality
types, then links these personality types to specific user interface features to see if a
user interface tailored to their learning preferences improves learning. The general
concept of this study is that the experimental group is given a set of user interfaces
tailored to their personality types. In the control group, participants are provided
with a general user interface. A semi-structured interview was conducted, and the
promising results show that the engagement and acceptance of the designed user
interfaces for the respective human personality groups.

Keywords: Satisfaction · Themes ·MBTI · User interface

1 Introduction

The goal of this study was to establish the relationship of students’ personality type
preferences as determined by the Myers-Briggs Type Indicator (MBTI) personality test
with their accomplishment and contentment in amobile-based learning environment. The
approach to this problem is based on the idea that when students are actively engaged
and satisfied, they are more likely to learn more effectively. The research question is that
there is a relationship between students’ MBTI personality types, user interface designs
and online educational achievement and satisfaction. The findings of this study can be
used to make recommendations for effective user interface designs for mobile-based
learning by incorporating personality profiles. This study investigated the relationship
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between students’ MBTI personality type, performance and satisfaction judgements for
students registered in mobile-based learning.

Therefore, the simplification of the overall research question for this study is “Learn-
ing is affected by personality type” [13]. The primary research question concernswhether
a user interface designed for a given personality type provides for better learning.

2 Background

The goal of human-computer interaction engineering is to design a user interface that is
simple, effective and engaging in a way that yields the desired outcome. This means that
to obtain the desired output, the minimal input is required from the operator and with
that, the computer minimizes undesired outputs to the human being [3, 7].

The interface is the system from the user’s point of view for a modern application
with a graphical user interface (GUI). The interface is what the user sees and interacts
with; anything which cannot be recognised as a part of the interface is less important
for the user, provided it works [9]. The mismatch between a user’s expectations and
available computer user-interface styles is one of the key difficulties concerning a user’s
interaction with computers [25]. In addition, the dependency of society on computer-
based systems continues to grow, as the systems that embrace humans, machines, and
engineered systems themselves become ever more complex [1].

Misuse of colours and design elements, too many widgets, excessive learning time,
unnecessary information, visual clutter, physical constraints of the context, to name a
few, all contribute to the bad designs of interfaces [2, 11, 17]. Ben Shneiderman [20]
states in the foreword of his classic book on user interface design that:

“Frustration and anxiety are part of daily life for many users of computerized
information systems. They struggle to learn command language or menu section
systems that are supposed to help them do their job. Some people encounter such
serious cases of computer shock, terminal terror, or network neurosis that they
avoid using computerized systems.” [20].

The concerns raised by Shneiderman [20] are valid. Graphic user interfaces, win-
dows, icons, and mouse selections have addressed many of the most severe interface
issues [21]. The most important implication of information system design is that if peo-
ple are going to utilize it, the system must suit their demands [24]. Users will either
refuse to use the system (if they have a choice) or utilize it as little as possible if the
system does not meet their demands [16]. Even in a “Windows world”, many have come
across user interfaces that are difficult to learn, to use, to understand, and in some cases,
many are completely annoyed [14]. However, we must accept that someone put time
and effort into creating each of these interfaces, and it is unlikely that the designer did
it on purpose.

There is a lack of understanding of the value of user interfaces in the field of computer
science and the complexities of designing powerful ones that appeal to all types of people.
Many software developers do not view interfaces as part of the system and, worse, the
user is rarely seen as part of it [14]. If serious steps are not taken, this situation can result
in systems that are complicated to use. The indicators include human factors such as age,
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gender, ethnic groups etc. as well as personality types. It is best hoped that successful
interface design would emerge by taking all these variables into account and result in
desirable software applications for all levels of users.

Thus, an effective graphical user interface plays a very important role in develop-
ing and designing a mobile app [23]. This design research will establish a practical
design solution to apply the ‘theoretical achievements’ of the technology and students’
responses into the ‘practical design process’.

The essence of these variables needs to be understood on how they affect HCI to
compensate for individual differences in the design process for user interfaces of a
mobile app. This, therefore, justifies the research of individual differences in HCI. In
short, this research examines several facets of user interface designwith the incorporation
of human personality types on mobile app learning applications for students. According
to Cardinali [4], Sarsam and Al-Samarraie [19] and Lima and Benitti [10], user interface
designs in a computer system plays a very important role to allow a system to function
effectively.

Personality dimensions change individuals’ aesthetics factors and that affects the
preferences provided. For example, a user who is not pleased with the system may not
producework as required as theymay be demotivated by the system itself. In otherwords,
individuals prefer interfaces that have a better “look and feel” than others, and their
aesthetic choice is closely linked to their personality [19]. Therefore, by designing an
interface based on user preferences and psychological variables, we can expect increased
user satisfaction as well as more efficient interaction [2, 5, 8, 19, 22].

3 Methodology

3.1 Interview Protocol

Creswell and Creswell [6] have suggested that the primary instrument of the sample
for data collection, analysis, and interpretation is the researcher for qualitative research.
The researcher has completed the data collection technique through recorded interviews
and the use of open-ended questions [18]. Each session of the interview lasted about
45 min. The investigation consisted of an in-depth qualitative interview process. The
open-ended questions were considered acceptable since one subject was the focus of
the study [18]. The collected information will remain confidential and maintained in a
safe location. After three years from the completion date of the investigation, all related
transcripts obtained from the analysiswill be destroyed accordingly.Due to the assurance
from the researcher and the understanding of the study, the participant felt more at ease
when answering questions on their background. The research tool used has allowed
participants to honestly react with more information.

The handwritten notes, typed notes, and videos were recorded during the interview
process shared by the students. Each of the participantswas labelledwith a code to ensure
confidentiality. This was a completely anonymous study: no personal information was
collected, and it is not possible to link data back to any individuals.

The interview protocol was clarified before the interview process to ensure partic-
ipants understood the procedure. This protocol was standardized for all participants.
An interview protocol was used as an instrumentation technique for the usability of
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the learning application. This kind of interview facilitates the systematic collection of
detailed data and simplifies comparability among the personality types of students.

The questions in this interview session have helped answer the formulated secondary
research questions. Questions such as impressions on their “personalized” interfaces,
the likes and dislikes on the design, and their recommendations to further improve the
designed interfaces were framed to the research problem. In other words, the overall
research question, “In an electronic learning platform, do students with different per-
sonality types learn and gauge better when using a user interface designed to their per-
sonality preference?” supported with the secondary questions in accommodating users’
with their needs of personalized user interface design were reflected by the responses
from the inquiry.

The first questionmade the participant feel relaxed and the participants were asked to
talk about their backgrounds and understanding of the research. It included the learning
materials that they have used on a learning platform before. The second question moved
to the core of the research issue. Questions 3, 4, and 5 were framed towards the research
questions on the experience and improvement of the visual user interface in adapting
diversified personality traits to the needs of users. Question 6 provided an opportunity
for the participant to reflect on the answers to preceding inquiries, as well as to give any
final comments that added to the investigation’s relevance. In a semi-structured interview,
open-ended questions are the best method for a qualitative investigation to collect rich
and contextual data [18]. The six open-ended enquiry questions are as follows:

1. Please describe your background. How do you feel being a part of a participant
in this study? Do you use any learning platforms for e-learning? Do you have any
comments to make on the learning platforms that you have used before?

2. Do you think a “personalized user interface” learning platformwill be a better option
to be provided to students? In otherwords, should the opportunity be given to students
to have an individualized visual user interface based on their personality type?

3. Do you know your personality type? How was your experience in using the
personalised user interface a moment ago?

4. Did you enjoy learning using the personalised platform? Was the user interface
design usable to your learning style?

5. Did you spend more time adapting to the features of the interface design? Would
you spend more time on the learning materials, since now it accommodates to your
liking?

6. How can the user interface(s) be improved if you have any suggestions? Any addi-
tional knowledge and experiences you might have to offer that can add value to the
inquiry can be addressed here.

3.2 Data Collection

The researcher has used the main research question in performing the method of data
collection. The research objective has been determined in exploring students with dif-
ferent personality types who learn and gauge better when using a user interface designed
to their personality preference. The semi-structured and open-ended questions were the
data collection method. This has provided reliable data for the qualitative method.
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The focus of the semi-structured interviews was on participants of specific person-
ality types for the personalized user interface design. The questions for the interview
were created and included in the procedure for the interview. The form of the inter-
view process indicated and documented the name, date and time of the interview and the
intent of the qualitative investigation of the researcher [6]. The standardised protocol was
applied throughout the data recording. The six questions of the interview were included
in the interview procedure. A fair pause between each question has made it possible for
respondents to collect ideas before answering [6, 18].

The first interview question was to establish relationships with participants followed
by the remaining questions to address the research questions. The five interview ques-
tions consisted of the primary, probing, and follow-up questions. The probing questions
were raised to address more clarification on the subject such as learning experience
and gauging of learning materials. The last question aimed to encourage participants
in giving suggestions to better improve the user interface designs. The method of the
interview involved careful observation and encouraging participants to discuss additional
common experiences important to the research issue. The researcher interviewed partici-
pants using the video recordingmethod.All the participants agreed on the video-recorded
interviews.

Interview schedules were set via phone calls and emails. Following initial contact
with the participants, the researcher provided the participants with informed consent.
The interview process followed the basic rules of the interview procedure. The researcher
performed a pilot study by interviewing four individuals who fulfilled the study’s selec-
tion criteria. The purpose of the pilot study is to assess the adequacy of the questions
and to evaluate whether the research is feasible [12]. Majid et al. [12] argued that the
reliability of the interview protocol and the data collection process could be acquired by
a pilot study.

The following procedures were applied for each interview: (a) the establishment of
a good relationship with the subject, (b) the introduction of study questions, goal, intent
and limitations, (c) the execution and receipt of the informed consent form, (d) the use
of the interview protocol, (e) the questioning technique used to elicit information and,
if possible, to elaborate the question, and (f) thanking the participant for the time and
effort with a small token of appreciation.

The choice of participants was made on a selection basis meaning the participants
were comprised of three different groups of personality types. The audio-visual record-
ings were also useful for analyzing the usability of the user interfaces. Once the exper-
iments and the interviews commenced (i.e. after the interfaces were designed), no re-
adjustment of the user interfaces was made as that would have required additional stu-
dents of a specific personality type to be found. However, these data do help in setting
a direction for future work.

The collected data was securely maintained by the researcher in a protected location
with a password. After three years, all documents will be disposed of accordingly which
will include notes, interview transcripts and other materials related to the research [6].
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4 Results and Findings

The interviews with the participants were conducted after the consent forms were
acknowledged and signed. Participants were assigned labels such as S-1, S-2, S-3, etc.
Table 1 displays the demography of each participant. The leading questions for this
research study were inquired as provided in Sect. 3.1. The inquiry was about the stu-
dents’ learning and engagement in a learning platform that was designed based on their
personality types. Follow-on questions were applied in the interviews as needed. Partici-
pants’ responses are used to identify and categorise recommendations for improving the
user interface for the different personality types of students in future. The objective of
the study is to determine and understand that in an electronic learning platform, students
with different personality types learn and gauge better when user interfaces are designed
to their personality preference.

Table 1. Demographics of participants for the SUS instrument and interviews

Students Group
(experimental/control)

Age groups (15–18, 19–25,
26–30, 31–34)

Gender Personality type

S-1 Experimental 19–25 F ESTJ

S-2 Experimental 19–25 F ESTJ

S-3 Experimental 26–30 M ESTJ

S-4 Experimental 15–18 F ESTJ

S-5 Experimental 19–25 M ESTJ

S-6 Experimental 19–25 M ISFJ

S-7 Experimental 26–30 M ISFJ

S-8 Experimental 19–25 F ISFJ

S-9 Experimental 15–18 M ISFJ

S-10 Experimental 19–25 F ISFJ

S-11 Experimental 31–34 M INFJ

S-12 Experimental 19–25 F INFJ

S-13 Experimental 19–25 M INFJ

S-14 Experimental 26–30 F INFJ

S-15 Experimental 19–25 F INFJ

S-16 Control 26–30 F Unknown

S-17 Control 19–25 F Unknown

S-18 Control 19–25 M Unknown

S-19 Control 31–34 M Unknown

S-20 Control 19–25 M Unknown
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The open-ended and follow-up questionswere employed for the recorded interviews.
The data analysis in this part was collected from recorded video interviews. The inter-
views were conducted with 20 participants comprising of 5 participants each with ESTJ,
ISFJ, INFJ and unknown types, respectively. The researcher ensured the effectiveness of
standardized study which included the collection and storing of the consent forms safely
from all participants. A semi-structured interview was used to collect information. In
order to achieve data saturation, a qualitative query analysis was performed numerous
times. The rules and regulations of the interview was explained to the interviewees prior
to the interview sessions. The inquiry is about engagement and performing better when
user interfaces are designed to their respective personality types. Each participant was
allocated 45 min of the interview sessions. All the participants were told to share their
true feelings and experiences in using the personalised user interface designed apps.

The questions in this interview session have helped answer the formulated secondary
research questions. Questions such as impressions on their “personalized” interfaces,
the likes and dislikes on the design, and their recommendations to further improve the
designed interfaces were framed to the research problem. In other words, the overall
research question, “In an electronic learning platform, do students with different per-
sonality types learn and gauge better when using a user interface designed to their per-
sonality preference?” supported with the secondary questions in accommodating users’
with their needs of personalized user interface design were reflected by the responses
from the investigation.

The first questionmade the participant feel relaxed and the participants were asked to
talk about their backgrounds and understanding of the research. It included the learning
materials that they have used on a learning platform before. The second question moved
to the core of the research issue. Questions 3, 4, and 5were framed towards the secondary
research questions on the experience and improvement of the visual user interface in
adapting diversified personality traits to the needs of users. Question 6 provided an
opportunity for the participant to reflect on the answers to preceding questions and to
share concluding thoughts which added value to the investigation. The use of open-
ended questions in a semi-structured interview was the best method for a qualitative
investigation to collect rich and contextual data [18]. The six detailed open-ended enquiry
questions are described next.

The first interview question was about the background of participants. This was
to establish rapport with them. Questions about the feeling of being a part of this
study, learning platforms used, and the experience of using those platforms, if any,
were inquired. The second question was based on the participant’s opinion on whether
the “personalized user interface” learning platform should be provided to students based
on their personality types. The third question is about their personality types which fol-
low the experience in using the personalised user interface app. The fourth question was
about the acceptance of using the app and finding out whether the user interface design
was usable to the participant’s learning style. The fifth question was about spending the
amount of time adapting to the features of the interface design since it accommodates the
participant’s liking. The last question of the interview session encouraged participants to
provide extra information and experience that could help the exploratory inquiry. The six
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open-ended enquiry questions are categorised as themes and the findings are explained
in the following sections.

Theme 1: Background and Experience. All participants interviewed were students
from different higher learning institutions and the 20 participants interviewed agreed to
be a part of the study. The demographics of the participants including their personality
types are shared in Table 1. All participants have used some form of e-learning platform
which is known as Learning Management System (LMS) from their institutions as their
study materials were uploaded there. Participants S2, S3, S4, S7, S8, S9, S11, S12, S14,
S17, S19, and S20 have indicated that these learning platforms need to be revamped as
the information presented for their learning purpose is cluttered and does not give a sense
of engagement. Moreover, participants S2, S3, S7, S11, S14, S19 and S20 added that the
presentation of thematerials was very “dull” and does not interest them to use those study
materials. The term “dull” was used to refer to the visual cue elements. The participants
S1, S5, S6, S10, S13, S15, S16, and S18 had some reservations about commenting on
their learning platforms. Therefore, follow-on questions were inquired to make them
more comfortable and questions about what they liked most on the learning platforms
were asked. These participants mentioned that they were happy that there were such
systems whereby students can engage and use materials that supported their studies at
the higher learning institutions. However, they disclosed that the layout of the materials
was not appealing for them to use.

Theme2:LearningPlatformand InterfaceElements. Every participant unanimously
agreed that a “personalized user interface” learning platformwill be a better option. They
preferred if their study materials were individualized based on their personality types
for them to engage more and draw their interest to studying those materials uploaded
by their respective instructors. The participants indicated that visual elements such as
fonts, colours and layout are essential on the learning platform. With these elements
incorporated, the participants would learn better, and they will be able to retain their
study materials better.

Theme 3: Personality Types and Personalised User Interface App. Participants S1
to S15 were not aware of their personality types until they took the Jung Typology Test.
Participants S1 to S15 fell under the experimental group as they were given the task
to experience the use of the personalised user interface app based on their respective
personality types. Participants S1–S5 of ESTJ, participants S6–S10 of ISFJ, and par-
ticipants S11–S15 of INFJ indicated that the personalised user interface app had met
beyond their expectations. Participants S16-S20 of the unknown personality types did
not find uniqueness in the app as the app was just a regular app that they used. However,
this control group unanimously argued that user interface elements could be improved in
terms of colours, fonts, layout, and navigational aspects. According to participant S19,
“I can still use the app, the design is nothing to fancy about and the app did not meet
my expectation.” Participant S20 indicated that the visual user interface elements should
complement one another such as the dark background of the screen should go well with
the icons and fonts.
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Theme 4: Learning and Usability. All the participants in the experimental group
enjoyed using the personalised mobile learning app. The participants found the person-
alised app usable, and they had a good time learning the specific topic with much ease.
The app also stimulated their interest in that topic. In the control group, the participants
did not find any difference from the regular apps. The app accommodated diversified
users and not individualized needs. The expectation of participants, S-16, S17 and S20
quoted that simplicity in design is the best approach. They mentioned that they do not
want the app to be complex but reiterated that simplicity of presentation is always the
best but unfortunately, that has always not been the case!

Theme 5: Time Spent and Adaptation. Participants S1–S20 took some time looking
into the features incorporated on the app as thatwas thefirst time theyhadbeen introduced
to the personalised app. However, upon looking into the app, participants S1–S15 took an
average of 2 min to get on with the app and they could use the app with ease. Meanwhile,
participants S16–S20 took an average of 4 min and had a little difficulty adapting to the
app. Representatives of each experimental group, S4, S6 and S11 participants quoted:

“…The layout matched my liking. I loved the colours used on the notes’ pages.
The colours used were not an eyesore and I would spend more time on the learning
materials than I used to – and definitely with the materials that they have now, I
can retain what I have studied in class!”

The control group participants S16 and S18 respectively quoted:

“…The app has no difference from the ones that I am currently using. Not much
to say about the features as they are just the regular ones that I use every day. I
would just download the materials or read them when the need arises.”

Theme 6: Improvement and Suggestion. Sharing of real-life experiences and more
profound insights influenced the question of improvement and suggestion positively.
The analysis presented recommendations for individualizing visual user interfaces from
participants. Three participants from each personality group. S3, S9, and S13 quoted:

“…Simplicity is what we are looking for. We want something to be very easy
to understand and very easy to use. The layout of the materials should be pre-
sented logically apart from the colours and fonts used. Understandably, a lot of
user interface designers use universal icons, which helps because that will avoid
language barriers. We would prefer if user interface designers paid more attention
to the different groups of people such as personality types to consider designing to
our preferences. The functionality always comes first, and designers are trying to
deliver that at the simplest way, but we hope that the specialized or the personalised
interface designs can be catered to our needs.”

Two participants S16 and S17 from the unknown personality type quoted:

“We are on one commonly designed platform so why the fuss of making the app
to several different designs to accommodate diversified users. On the other hand,
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we strive for simplicity and making it universal will have everyone use the same
app. But on the grounds of learning materials, it will be best that the adoption of
personality types is investigated – this is to ensure that students learn best with
the individualized designed app. However, the only factor would be the additional
cost involved in the different designs.”

5 Conclusions and Recommendations

Users who had interfaces that matched their personality type generally expressed satis-
faction with their interfaces and claimed that they would use them for additional topics
if they become available. Many participants in the experimental group suggested ways
to improve the interfaces. Surprisingly, those suggestions were largely in the usability
category. Participants in the control group, on the other hand, commented:

“...more colours required…,” “...include mind-mapping and animations...,” “...it’s
unclear..., it has to be step-by-step...,” “...confusing...,” and “...too abstract....”

Many of the participants were in total agreement with having a good strategy in
designing user interfaces based on personality types. Based on the participants of S1–S20
quotations on diversified people:

“… users of today are different from users of yesterday or 10–20 years ago. There-
fore, a strategy must be adopted to accommodate the user interface elements that
include icon, images, drop-down menus, layout, space arrangement, and features
in a personalized designed app.”

Participants agreewith utilizing a simple layout and appropriate features provided the
elements of personality traits are incorporated. Simplicity is positively associated with
perceived ease of use and the user’s intent to use [15]. Participation of users through
feedback, studies, and questionnaires will give vital information and a deeper under-
standing of users’ preferences and functional features. Participants S2, S4, S7, S9, S11,
S13, S14 and S15 quoted:

“… to develop a user-centred interface design, it will require a reverse-engineering
strategy by starting from the end users’ needs. Requirements need to be gathered
such as personality types and user interface elements need to be sorted out from the
end-users so that grouping can be done accordingly to the respective personality
groups. In other words, it is almost like reverse engineering from the end-user and
the tasks to be done.”

The analysis revealed the requirements of a personalised mobile learning app. The
analysis and recorded responses exposed the familiarity, real-life experience, and honest
feelings of participants about the app. Overall, the participants highlighted the necessity
for a personalized app as well as changes in the mindset of users and improvements in
the user interface elements. Participants noted that a truly innovative approach must be
incorporated in the development. Therefore, users’ preferences, demands, technological
competence, flexibility in users’ controls, and accommodation of diverse user groups
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including the personality types need to be addressed. To produce enhanced apps, an
increase in users’ engagement is required before designing the apps. This is to ensure that
the apps are simple, with high functionality and personalized to the different personality
types of users.

The respondents in the study shared similar ideas on how user interface designers
may produce products that are flexible in configuration based on user’s preferences and
needs to accommodate a wide range of users. Exclusive features and an easy-to-navigate
interface are required for unique users. The results from the data analysis revealed the
real-world experience of utilising the personalised mobile learning app. The simplicity
and individualization of the app’s user interface are the commonalities in enhancing the
designs based on the participants’ direct quotations. The outcomes of the study will lead
to the development of assessment methodologies and procedures for better-designed
user interfaces in the future.
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Abstract. Although wearable devices have high potential in the emerging sce-
narios, these scenarios face many security and privacy challenges. It is because
of the inherent openness of wearable devices limitation of the network, terminal
resource and the technology. This brings a lot of obstacles to design of security and
privacy protection solutions in wearable device and network. However traditional
security and privacy protection method do not fit in these emerging scenarios.
Security and privacy issues have gradually become a huge challenge for emerging
wearable device applications. Therefore, the design of application security and
privacy protection scheme of wearable devices has been widely concerned and
focused by academia and industry.

Keywords: Wearable device · Security and privacy protection · PII · ISO27701 ·
GDPR

1 Introduction

With the development of information technology, the development ofwearable devices is
also undergoing profound changes. The future wearable device is not only a communica-
tion media, but also supports various vertical industries, such as mobile payment, mobile
social networking, smart transportation and smart medical treatment, so as to realize the
in-depth integration of the physical world and information technology. Therefore, users’
wearable devices carry a lot of privacy information, such as identity information, bank
account information, medical and health information, location information and mobile
track information,whichmakes users’ demand for privacy protection inwearable devices
more prominent.

This paper systematically studies the key technologies of user privacy protection in
wearable devices by analyzing the threat of privacy disclosure faced by users’ wearable
devices. Through the above research, not only can effectively protect the user’s personal
privacy information, meet the needs of users in daily life, also product polar driving
the wearable equipment industry and application service of health to flourish, to realize
the grand strategy “Internet+”, to protect personal privacy, had a profound influence on
social harmony and stability.
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2 Literature Review

Personal data, also known as personal information or personally identifiable information
(PII) [1–3] is any information relating to an identifiable person.

Personal data is defined under the GDPR as “any information relating to an identified
or identifiable natural person (‘data subject’); an identifiable natural person is one who
can be identified, directly or indirectly, in particular by reference to an identifier such as
a name, an identification number, location data, an online identifier or to one or more
factors specific to the physical, physiological, genetic, mental, economic, cultural or
social identity of that natural person” [4, 5].

PII has become prevalent as information technology and the wearable devices have
made it easier to collect PII leading to a profitable market in collecting and reselling PII.
PII can also be exploited by criminals to cheat or steal the identity of a person, or to aid in
the planning of criminal acts [6]. PII leakage becomes the main means of telecom fraud.
As a response to these threats, many privacy policies specifically address the gathering
of PII.

2.1 ISO/IEC 27701: Security Techniques—Extension to ISO/IEC 27001
and ISO/IEC 27002 for Privacy Information Management—Requirements
and Guidelines

Security Policy

Organizing Information Security

Asset Management

Human Resources 
Security

Physical and 
environment 
Security

Communications 
and operations 

management

Information system 
acquisition,development 

and maintence

Access Control

Information Security Incident Management

Business Continuity Management

Compliance

Fig. 1. Framework of ISO27001
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ISO/IEC 27001 is an international standard on how to manage information security,
as shown in Fig. 1. ISO/IEC 27001 is widely known, providing requirements for an
information security management system (ISMS), though there are more than a dozen
standards in the ISO/IEC 27000 family. Using them enables organizations of any kind
to manage the security of assets such as financial information, intellectual property,
employee details or information entrusted by third parties.

ISO 27701 is a privacy extension to ISO/IEC 27001 that establishes additional
requirements and provides guidance for the protection of privacy as potentially affected
by various personal data processing. With a variety of privacy and security regulations
increases, so do the calls for new ways for these two teams to collaborate, communicate
more effectively, and use common tools. Technology is needed for the maintenance and
continual improvement of a privacy information management system (PIMS) in accor-
dance with ISO 27701, as shown in Fig. 2 (formerly known as “ISO 27552”), as well as
the planning and implementation of global privacy laws and frameworks.

GDPR

ISO27002

ISO27001

ISO29151

ISO29100

ISO27018ISO27701

Information security 

management systems

Information security
 controls

Technical
 Corrigendum

Privacy 
framework

Data Protection +PIMS

PII 
controllers

PII in 
public clouds 

Data 
Protection

Fig. 2. Framework of ISO27001

2.2 General Data Protection Regulations (GDPR)

Under theGDPR, data controllers and processorsmust implement “appropriate technical
and organizational measures” to protect and ensure the privacy of the personal data they
process.

Since the implementation of the EU General Data Protection Regulation (“GDPR”)
and similar legislation on personal data protection, enterprises must now provide ade-
quate protection for their customers’ personal data. Many enterprises use automated
personally identifiable information (“PII”) scanning systems to process PII to ensure
full compliance with the law. However, personal data saved in non-electronic form can-
not be detected by these automated scanning systems, resulting in PII not being able to
be accurately identified [4].

The information provided by the wearable device’s users may include their private
and confidential information. In light of the EU GDPR and the legislation on personal
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data protection, enterprises will be at risk of law violation if they do not have adequate
information management infrastructure.

Principles relating to processing of personal data is shown in Fig. 3.

Principles relating 
to processing of 

personal data

Accuracy

Data 
minimization

Purpose 
limitation

Storage 
limitation

Integrity and 
confidentiality

Lawfulness, 
fairness and 
transparency

Fig. 3. Principles relating to processing of personal data

Personal data shall be:

1. Lawfulness, fairness and transparency: processed lawfully, fairly and in a transparent
manner in relation to the data subject;

2. Purpose limitation: collected for specified, explicit and legitimate purposes and
not further processed in a manner that is incompatible with those purposes; fur-
ther processing for archiving purposes in the public interest, scientific or historical
research purposes or statistical purposes shall, in accordance with Article 89(1), not
be considered to be incompatible with the initial purposes;

3. Data minimization: adequate, relevant and limited to what is necessary in relation
to the purposes for which they are processed;

4. Accuracy: accurate and, where necessary, kept up to date; every reasonable step
must be taken to ensure that personal data that are inaccurate, having regard to the
purposes for which they are processed, are erased or rectified without delay;

5. Storage limitation: kept in a form which permits identification of data subjects for
no longer than is necessary for the purposes for which the personal data are pro-
cessed; personal data may be stored for longer periods insofar as the personal data
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will be processed solely for archiving purposes in the public interest, scientific or
historical research purposes or statistical purposes in accordance with subject to
implementation of the appropriate technical and organizational measures required
by this Regulation in order to safeguard the rights and freedoms of the data subject;

6. Integrity and confidentiality: processed in a manner that ensures appropriate security
of the personal data, including protection against unauthorized or unlawful process-
ing and against accidental loss, destruction or damage, using appropriate technical
or organizational measures.

3 Design of Security and Privacy Protection Framework
of Wearable Devices

The possibilities and limits of wearable devices technology play an increasingly impor-
tant role in our personal everyday lives and in our societies. The extent to which humans
can enjoy their fundamental rights depends not only on legal and safety frameworks
and social norms, but also on the features of the wearable devices’ technology at their
disposal. Recent discoveries of inappropriate use of personal data created by wearable
devices have driven the public debate on data protection to an unprecedented level. It is
necessary that the shaping and the use of wearable devices technology takes account of
the need to respect the rights of individuals.

“Privacy byDesign” and “Privacy byDefault” have been frequently-discussed topics
related to data protection. The principle “Privacy byDesign”which is in theGeneral Data
Protection Regulation, that the current approach in the data protection guidelines, which
requires persons responsible already to include definitions of the means for processing
technical and organizational measures (TOM). TOMs must be taken already at the time
of planning a processing system to protect data safety.

Many efforts in standardization have been ongoing to integrate privacy requirements
in system design in different standardization organizations and initiatives [7]. The most
popular methods are often take existing approaches to IT security risk management as a
model to extend andmodify them to privacy risk management such as the ISO has issued
standards for a privacy framework (ISO/IEC 29100) and a privacy architecture (ISO IEC
29101) related to PIIwithin an information and communication technology environment,
as shown in Fig. 4. Their work includes the extension of the standards ISO/IEC 27001
and 27002 on management of information security to privacy management.

Design of security and privacy goals is more than IT security and based on six
protection goals.

1. PII confidentiality: ensures the protection against unauthorized and unlawful
processing.

2. PII integrity: ensures that data remain intact, complete, and up-to-date.
3. PII availability: ensures that the data are available and usable in the intended process.
4. PII unlinkability: ensures that data are processed and analysed only for the purpose

for which they were collected.
5. PII intervenability: provides the possibility for the data subjects to exercise their

rights
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6. PII transparency: is necessary for the monitoring and control of the data processing.
Transparency ensures that data subjects and supervisory authorities can identify
deficiencies and, if necessary, demand appropriate procedural changes.

4 Discussion and Conclusions

Rapidwearable devices technological developments and globalization have brought new
challenges for the protection of personal data produced bywearable devices. The scale of
the collection and sharing of personal wearable devices data has increased significantly.
Technology allows both private companies and public authorities tomake use of personal
wearable devices data on an unprecedented scale in order to pursue their activities. there
are significant risks to the protection of natural persons, in particular with regard to
online activity.

Those developments and challenges require a strong and more coherent wearable
devices data protection framework, backed by strong enforcement, given the importance
of creating the trust that will allow the digital economy to develop across the market.
Natural persons should have control of their own personal wearable devices data. Legal
and practical certainty for natural persons, economic operators and public authorities
should be enhanced.

In order to prevent creating a serious risk of circumvention, the protection of natural
persons information should be technologically neutral and should not depend on the
techniques used in wearable devices. The protection of natural persons should apply
to the processing of personal wearable devices data by automated means, as well as to
manual processing, if the personal data are contained or are intended to be contained in
a filing system.

The protection of natural persons created by wearable devices with regard to the
processing of personal data by competent authorities for the purposes of the prevention,
investigation, detection or prosecution of criminal offences or the execution of criminal
penalties, including the safeguarding against and the prevention of threats to public
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security and the freemovement of such data, is the potentially urgent subject of a specific
legal act in China.

Wearable devices data processing shall be lawful only if and to the extent that at
least one of the following applies:

1. the wearable devices data subject has given consent to the processing of his or her
personal data created by wearable devices for one or more specific purposes;

2. Wearable devices data processing is necessary for the performance of a contract to
which the data subject is party or in order to take steps at the request of the data
subject prior to entering into a contract;

3. Wearable devices data processing is necessary for compliance with a legal obligation
to which the controller is subject;

4. Wearable devices data processing is necessary in order to protect the vital interests
of the data subject or of another natural person;

5. Wearable devices data processing is necessary for the performance of a task carried
out in the public interest or in the exercise of official authority vested in the controller;

6. Wearable devices data processing is necessary for the purposes of the legitimate
interests pursued by the controller or by a third party, except where such interests are
overridden by the interests or fundamental rights and freedoms of the data created by
wearable devices data subject which require protection of personal data, in particular
where the data subject is a child.
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Abstract. The traditional trust adoption problem data comes from the question-
naire survey. The accuracy and objectivity are not high, and the practical applica-
tion value is limited. The output of the research is usually the subjective factors
affecting trust, and the deep reasons for low user trust are not deeply explored.
This study aims to propose a new set of consumer wearable service quality trust
integration model based on big data, deeply integrate the two different research
fields of big data mining and trust adoption, and quantitatively describe howwear-
able service quality characteristics, privacy environment, business characteristics,
personality characteristics and other factors affect consumers’ trust and adoption
of wearable services.

Keywords: Wearable services · Quality trust integration · Big data

1 Introduction

Previous studies on trust adoption mostly used literature research to collect influencing
factors, questionnaire survey to collect empirical data, and structural equation to test the
hypothesis of the model. Although these methods are mature, they often have unstable
data quality, high subjectivity, insufficient quantitative analysis and research, and the
conclusions are limited. It is because of these practical needs and confusion, that this
paper studies the quality trust of wearable services based on big data technology.

Based on the analysis method of big data mining, this paper integrates the theoretical
methods of big data science, consumer behavior and e-commerce, carries out interdis-
ciplinary research, deeply integrates the two different research fields of big data mining
and trust adoption, and quantitatively depicts the characteristics of Wearable service
quality, privacy environment, business characteristics, personality characteristics and
how these characteristics affect consumers’ trust and adoption of wearable services. The
research results can more comprehensively and truly understand consumers’ concerns
and demands, help enterprises overcome the bottleneck of wearable product research
and development, eliminate the uncertain factors affecting consumers’ trust, enhance the
competitiveness of products and services, and bettermeet consumers’ needs. It also helps
to promote the healthy development of the intelligent wearable industry of the Internet
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of things in the era of big data, meet people’s yearning for a better life of interconnected
things, and provide reference for the government to improve relevant industrial policies.
It has very important practical and theoretical significance.

2 Key Scientific Problems to Be Solved

This paper intends to solve the following key problems:

1. For model building, the key scientific problems is how to factor large data mining,
it is using web crawler technology from social network, community BBS, litera-
ture, third-party source data such as database and study and so on, and then through
the design of ETL data cleaning conversion, storage, calculation, design, model-
ing, association analysis, Several factors affecting the quality and trust of wearable
services are obtained, and criteria for factor screening are established.

2. For empirical methods, the key scientific issue is how to establish a mapping rela-
tionship between big data acquisition indicators and scale measure items through the
design of empirical big data acquisition indicators. And how to persuade consumers
to participate in big data collection research, and develop software to collect relevant
big data, after analysis and processing, transform and map into the measure value of
variable measurement items in the model.

3. For cluster comparison, the key scientific issue is how to improve the clustering
algorithm and establish an effective cluster model for wearable service consumers.
Based on this cluster model, the target users can be clustered and grouped, and
different user models can be empirically compared and analyzed.

3 Research Contents

The overall goal of this project is to quantitatively describe how factors such as wearable
service quality characteristics, privacy environment, business characteristics and person-
ality characteristics affect consumers’ trust and adoption of wearable services based on
big data technology. Specific sub-objectives include:

1. Explore the antecedent variables of trust in wearable services through factor big data
mining.

2. Through the comprehensive trust model of wearable services, the relationship
between model variables is comprehensively clarified.

3. Verify the comprehensive model of wearable services through empirical big data
collection and processing and structural equation model, find the key factors affect-
ing trust in wearable services and study the particularity of consumer behavior of
wearable services.

4. Through user big data clustering, empirical comparative research is conducted on the
influencing factors of user trust in different clusters, and the differences of influencing
factors of trust in different clusters are found.

This paper mainly studies the following contents:
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1. Construction of Wearable service quality sub model: from the perspective of service
quality characteristics, through web crawler technology and factor big data mining,
combined with literature research, collect factors affectingWearable service quality,
mine antecedent variables, identify Wearable service quality characteristics, and
construct Wearable service quality sub model.

2. Construction ofWearable service quality trust integrationmodel: Based onUTAUT2
(technology adoption and utilization integration theory) theoretical model, on the
basis of e-commerce andmobile commerce trust model, theWearable service quality
sub model is integrated, and the Wearable service quality trust integration model is
constructed by integrating privacy environment, business characteristics, personality
characteristics and other factors [1].

3. Empirical research method design: according to the trust integration model of Wear-
able service quality, a comprehensive scale and measurement items are designed.
Then, through the empirical big data collection index design, a mapping relationship
is established between the big data collection index and the measurement items of
the scale.

4. Empirical big data analysis: develop Wearable service application data collection
software, formulate big data collection rules, collect big data of contracted users and
process relevant big data.

5. Construction of user big data clustering model and algorithm improvement: by
improving the clustering algorithm based on adaptive chaotic particle swarm opti-
mization, combined with consumer characteristic big data, a wearable service con-
sumer clustering model is established. According to this clustering model, the target
users are clustered.

6. Empirical comparative study on grouped users: using SEM, this paper makes an
empirical analysis on the integration model and different grouped user models, so as
to find the key factors affectingWearable Service trust, the particularity of Wearable
service consumer behavior and the differences of influencing factors of different
cluster trust, analyze the reasons and put forward countermeasures.

4 Research Method

Firstly, in the model construction stage, based on factor big data mining, web crawler
technology, questionnaire survey, literature research and other methods, explore and
collect some factors affecting the trust of wearable services; By analyzing the compre-
hensive factors affectingWearable Service trust, this paper constructs a wearable service
quality trust integration model. Secondly, in the model verification stage, through the
empirical big data collection index design and mapping with the antecedent variable
measure of Wearable Service trust, and then through the development of Wearable ser-
vice application data collection software, collect the big data of contracted users and
analyze and process the relevant big data. Finally, in the segment of clustering and com-
parison, the user big data mining, clustering and empirical comparative analysis based
on consumer characteristics are carried out.
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Specific research methods include:

1. Factor big data mining: Based on Python web crawler technology, from social net-
works, community forums, literature, third-party databases and research reports,
through data collection, ETL data cleaning and conversion, storage design, comput-
ing design, mining modeling and association analysis, we get the factors that affect
the trust of wearable services [1].

2. Empirical big data analysis: through the design of empirical big data collection indi-
cators and mapping with the measurement items of antecedent variables ofWearable
Service trust, and then through the development ofWearable service application data
collection software, collect the big data of contracted users, analyze and process
relevant big data, and convert it into questionnaire measurement value [2].

3. User big data mining: by improving the clustering algorithm based on adaptive
chaotic particle swarm optimization and combined with consumer characteristic big
data, a wearable service consumer clustering model is established. Cluster the target
consumers according to the model [3, 4].

4. Model integration method: according to the factor big data mining results and litera-
ture research [5–7], starting from the characteristics of Wearable service quality, the
sub model of Wearable service quality is constructed by exploring the antecedent
variables of Wearable service quality. At the same time, based on the UTAUT2
theoretical model, on the basis of e-commerce and mobile commerce trust model,
combinedwith the service quality submodel, this paper constructs awearable service
quality trust integration model.

5. The model verification method mainly adopts big data clustering, questionnaire
survey, structural equation model and statistical analysis. According to the big data
mining results of users, the target consumers are grouped. Then, usingSEMstructural
equation, this paper makes an empirical analysis on different cluster users, so as to
find various factors affecting Wearable Service trust, the particularity of Wearable
service consumer behavior and the differences of influencing factors of different
cluster trust, analyze the reasons and put forward countermeasures [8–10].

5 Construction of Integration Model

The integration model studied in this paper is shown in Fig. 1.
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The integration model is composed of sub-models:

1. Wearable service quality sub model: explore the antecedent variables of Wearable
service quality sub model and build the model with the help of factor big data
mining, literature analysis, research and interview. These antecedent variables may
come fromwearability (durability, comfort, aesthetics, endurance, size), functional-
ity (health, sports, safety, payment, entertainment), personalization (differentiation,
intelligence, customization), integration (connection, interaction, control), etc.

2. Collection of other characteristic factors: with the help of factor literature analysis
and big datamining, the factors affecting consumers’ trust in wearable servicesmay
come from business characteristics (business reputation, business scale), person-
ality factors (privacy concerns, trust tendency, security concerns), environmental
characteristics (structural guarantee, privacy policy), etc.

3. UTAUT2model: technology adoption and utilization integration theory (UTAUT2)
is an extension of UTAUT (eg.Unified Theory Of Acceptance And Use Of Tech-
nology). In the UTAUT model, there are four factors that play a decisive role in
consumers’ technology acceptance and use behavior, namely performance expec-
tation, effort expectation, social impact and convenience. Based on the four factors,
UTAUT2 adds three new factors: hedonic motivation, price value and habit. In the
empirical research, it is proved that the new three factors play an important role
in consumer trust and new technology adoption. As the latest technology adoption
theory, UTAUT2 has strong conviction in explaining the new business system.

4. Screening criteria for influencing factors of Wearable Service Trust: after factor
big data mining, literature analysis and model integration, there are many factors
entering the integration model, so it is necessary to study a factor screening criteria.
This part will screen candidate variables into the integration model on the basis of
expert interviews and literature research.

5. Construction of Wearable service quality trust integration model: after screening,
the Wearable service quality trust integration model is constructed from seven
factors of UTAUT2 theoretical model, several factors of Wearable service qual-
ity sub model, environmental characteristics, business characteristics, personality
characteristics and other factors.

6. Big data acquisition index design: the design of big data acquisition index should
meet the technical feasibility and implementation feasibility. After a long period
of big data collection, it is necessary to dynamically adjust the index value to meet
the requirements of the measurement item mapping rules in the mixed scale.

7. Mixed scale development: not all questionnaire measurement items can be mapped
by big datameasurement indicators.A small number of items that cannot bemapped
need to be collected by traditional questionnaire or wearable devices based ques-
tionnaire. Therefore, the final comprehensive scale mixes big data measurement
items with questionnaire items.

8. Data collection: through the development of data collection software app and the
solicitation of contracted users, the big data of key indicators in the use pro-
cess of wearable services are collected, which are transformed into questionnaire
measurement values after big data analysis and processing.
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9. Construction of user clustering model: firstly, starting from the resource dimension
and motivation dimension of VALSTM model, combined with demographic and
psychological characteristics, this paper constructs a wearable service consumer
clusteringmodel. In order to obtain better clustering effect, the clustering algorithm
based on adaptive chaotic particle swarm optimization effectively integrates the
fuzzy mean clustering and the improved PSO algorithm, which avoids the defects
of the original fuzzymean clustering algorithm, such as weak self adaptability, easy
to fall into local minimum and unsatisfactory clustering effect.

10. Traditional empirical method: structural equation model is a method to establish,
estimate and test causalitymodel. Themodel contains both observable explicit vari-
ables and potential variables that cannot be observed directly. Structural equation
model can replace multiple regression, path analysis, factor analysis, covariance
analysis and other methods to clearly analyze the role of single indicators on the
whole and the relationship between single indicators. Through structural equation
multi group analysis, we can understand whether the relationship of variables in
different groups remains unchanged and whether the mean value of each factor is
significantly different.

11. Empirical research: to do empirical analysis with the help of structural equation
model, we must first prepare the data and collect the appropriate amount of sample
data. It is generally believed that the maximum likelihood estimation (MLE) is suit-
able for estimating the structural equation when the number of samples is at least
100, then reliability analysis and validity analysis are carried out, and finally the
fitting degree of the model is evaluated. After the transformation of big data acqui-
sition index data, this paper meets the requirements of structural equation model.
Therefore, the integration model and different cluster user models are empirically
analyzed by using structural equation.

12. Research results: through the comprehensive research of this paper, we can find the
key factors affecting the trust of wearable services, the particularity of consumer
behavior of wearable services and the differences of influencing factors of trust in
different clusters, analyze the reasons and put forward countermeasures.

Figure 2 shows how to map metrics based on big data into variables that the model
can handle.

6 Discussion and Conclusion

Big data technology is different from traditional statistical methods. Big data studies
massive “overall data” and is no longer confined to accurate statistical “small data”. At
the same time, big data analysis does not pursue causality like statistics, but focuses on
correlation. It is a beneficial attempt to study the trust of wearable services based on big
data thought, big data thought, big data technology and methods.

The specific features and innovations of this paper lie in the innovation of research
methods and model integration, including the following aspects:

1. In terms of research perspectives and research methods, based on the perspective
of big data, this topic adopts big data related technologies to expand the research
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methodology of trust. In terms of specific big data application, it has successively
adopted technologies such as factor big data mining, empirical big data collection
and user big data clustering. Firstly, based on factor big data mining and web crawler
technology, this paper explores and collects several factors affecting the trust ofwear-
able services. Secondly, through the empirical big data collection index design, and
mapping with the antecedent variable measure of Wearable Service trust, and then
through the development of Wearable service application data collection software,
collect the big data of contracted users and analyze and process the relevant big
data. Finally, in the empirical part, the user big data mining and clustering based on
consumer characteristics are also carried out.

2. In the aspect of model construction, starting from the characteristics of Wearable
service quality, the submodel ofWearable service quality is constructed by exploring
the antecedent variables of Wearable service quality. At the same time, based on
the theoretical model of UTAUT2 (technology adoption and utilization integration
theory), based on the trust model of e-commerce andmobile commerce, integrate the
sub model of service quality and construct the trust integration model of Wearable
service quality, which has more comprehensive research value of trust factors.

3. In the aspect of empirical analysis, by improving the clustering algorithm based on
adaptive chaotic particle swarmoptimization and combining the big data of consumer
characteristics, a wearable service user clustering model is established. According to
this clustering model, the target consumers are grouped. Then, using SEM structural
equation, this paper makes an empirical analysis on different cluster users, so as to
find various factors affecting Wearable Service trust, the particularity of Wearable
service consumer behavior and the differences of influencing factors of different
cluster trust, analyze the reasons and put forward countermeasures.
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Abstract. The growth of Internet and social media have substantially changed
how customers engage, interact, and communicate with brands and marketers.
Individuals with strong personal appeal and influence play a key role in facili-
tating greater brand outreach and better performance of online ads. Influencers
convey similar or distinct persona to match different atmosphere of social media
platforms and types of products and services that they intend to promote. Simul-
taneously, influencers constantly produce textual and visual narrations of their
lives and experiences to enhance consumer trusts and foster consumer responses.
However, little is known about the role of influencer personal image establishment
on driving online consumer engagement. Besides, there are lack of researches that
consider the consolidated effect of influencer persona and narratives during the
persuasion process. Instagram, Facebook, Sina Weibo and Twitter have been the
most examined social media platforms. However, short video-based social media
platforms such as TikTok that embed distinct product and content structures still
lack academic attention. In light of the significant role of influencers on consumer
attitudes and behaviors, and as this research domain is still developing, a research
from a new research perspective is needed. This study derives practical implica-
tions across various domains, such as social media marketing, digital advertising,
and video advertisement inwhich identification of key factors of information prop-
agators is essential. Taken together, the findings highlight the critical interplay of
influencer persona, expressions of the posts and consumer psychological factors
in driving consumer engagement and purchase intention, especially for short-form
video-based ads.

Keywords: Influencer marketing · Social media marketing · Influencer persona

1 Introduction

Technological advancements such as Mobile applications, social media and Internet of
Things (IOT) have led to new ways of information sharing, delivering and communica-
tion (Melumad et al. 2019; Peng et al. 2018). In particular, social media that provides
online channels for high-speed information diffusing and users participating forms an
increasingly important way for brands, advertisers and marketers to communicate with
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their consumer segments. Firms have been incorporated social media for ongoing brand
promotion and customer relationship management for years. Users have tendencies to
blindly consume the content shared on social media (Shareef et al. 2020). Compared
to the fact that consumers acted as passive recipients under firm marketing strategies
in the past, they have stronger power to voice their choices towards brands recently.
Social media even enables consumers to serve as promoters and participants for prod-
ucts, services and brands (Lamberton and Stephen 2016), which drastically changes the
relationship among brands and consumers. The rapid adoption of internet and social
media enables some individuals to attract mass audience and then become influencers
with strong personal appeal and influence on others’ attitudes and responses (Godey
et al. 2016). The large follower groups support influencers due to their admirable social
prestige, authenticity and position (Lin et al. 2018; Lou and Yuan 2019). Approximately
40% of followers purchased products and services after seeing influencer recommenda-
tions on social media such as Instagram or YouTube (Digital Marketing Institute 2019).
It is beneficial to for firms to leverage the power of influencers for better outreach (Arora
et al. 2019). Consequently, influencer marketing has become prevalent in firmmarketing
strategies.

With the prevalence of influencer marketing on social media, influencers keep pro-
ducing textual and visual narrations of their personal image, lives and experience which
appeal to followers and audience (DeVeirman et al. 2017). Influencers’ personal reviews
of product accompanied by the expression of their daily lives and experiences make
consumers consider their comments as authentic and relatable (Schouten et al. 2020).
Similarly, Lou and Yuan (2019) stated that the informative contents generated by influ-
encer and related values could enhance consumer trust. The disclosure of sponsorship
and hashtag of influencers’ posts helps consumers and viewers to identify the selling
intent of influencers and advertisers. However, it does not necessarily result in a loss
of consumer engagement with the posts (Lou et al. 2019), or negative attitudes towards
influencers, related message or products. The rational explanation is that stories and
narratives shared by influencers drive consumers to feel the emotions and experiences of
influencers and bring followers to a positive state in which followers put aside their guard
and skepticism (Feng et al. 2021). Moreover, influencers’ persona and personal image
that generated from influencers’ narratives in personal or social context also present
influential effect over their followers. Therefore, the cumulative impact of influencer’s
narratives of their personal image and persona is crucial in persuasion process and to
foster positive consumer responses. An understanding of this phenomenon is needed to
meet the interests of academic research and marketing practice.

Among studies in social media marketing and influencer marketing, mainstream
social media platforms such as Instagram, Facebook, Sina Weibo and Twitter have been
the most examined social media platforms (Vrontis et al. 2021). However, short video-
based social media platforms such as TikTok that embed distinct product and content
structures still lack academic attention. Moreover, there is little integrative assessment
that considers the consolidated effect of narratives and persona shared by influencers
which are prevalent for endorsement effectiveness. Specifically, little is known about
how to approach influencers’ short-from video ads aspects of persona establishment and
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narratives to optimally cultivate consumers’ self-satisfaction and meet their psycholog-
ical needs, and ultimately enhance their purchasing intention. Brands, marketers and
advertisers receive little guidance on how different influencers persona and narratives
will alter consumer responses. Therefore, towards this research direction, it is essential
to provide an in-depth explanation into the role of influencers’ narration and persona
establishment in influencer marketing on social media.

To address the gap in the existing literature, an exploratory study of social media
influencers’ posts from views of the narrative strategies and persona-building is con-
ducted. Specifically, this study will propose an approach to figure out the integrative
effect between types of persona that are determined and shared by influencers and
the narrative strategies adopted while delivering short-form video ads during consumer
decision-making process. Given this purpose, this study raised the following research
questions:

1. Will different types of influencers’ persona and narratives result in different
consumers responses?

2. If so, how responses differ in various scenarios and among customers of different
age groups?

3. How narratives and persona shared by influencers exert impact on the psychological
needs and engagement among the audience?

To answer each of these questions, the concept of transportation will be adopted to
explain the cumulative effect of influencer persona and narrations in audience affective
responses. The models will be also supplemented by variables such as empathy, para-
social interaction and consumers’ self-satisfaction. The empirical evidence for this study
will come from surveys and experiments.

This exploratory research provides theoretical and practical insights in two ways.
Firstly, this study explores the cumulative role of narrative strategies adopted by influ-
encers in their posts and persona that could alter audience’s attitudes towards short-form
video ads. Secondly, this study incorporates the concept of transportation to examine
the relationship among influencers’ posts and audience and explain audience responses
from psychological perspective.

2 Literature Review

2.1 Social Media and Influencer Marketing

Recently, the prevalence of influencer marketing on social media and the growing influ-
ence of influencers on audience have attracted mass attention of various fields. Social
media platforms and influencermarketing have becomemainstays in themarketing chan-
nels that utilized by brands and advertisers. In addition to strong research interests in
the field of business press, the growing adoption of influencer marketing and the soared
number of influencers have also led to growing academic attention (Hughes et al. 2019).
The idea of using opinion leaders and influencers to exert strong influence on consumers’
decision-making has been lasted for many years. Early concepts could be traced back to
the experiment conducted by Lazarsfeld, Berelson, and Gaudet in 1948. Their findings
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indicated that mass media has impact on audiences’ behaviors and attitudes through
the power of opinion leaders rather than directly influencing the audience (Lazarsfeld
et al. 1948). That notion was further developed latter in 1995. Finding highlighted the
mediating effect of influencers’ personal comments and interpretation of information
from mass media on consumers (Katz and Lazarsfeld 2017).

Extant studies fromvarious research fields have been focused heavily on awide range
of influencers variables (e.g., attractiveness, expertise, credibility, influencer-product fit,
content attributes, psychological-related influential factors) and consumer beneficial out-
comes (e.g., consumer engagement, brand and product attitude, purchase intention and
behavior) (Vrontis et al. 2021). In the context of implementing influencer marketing
strategies, researchers commonly describe consumers’ beneficial behaviors as positive
attitude towards influencers, posts, brands and products, and purchase intention. As firms
recognize the pivotal role of social media influencers during the product persuasion pro-
cess, they have been launchingmass influencer campaigns to promote services and prod-
ucts on social media platforms. This has been supported by many studies. For instance,
Ge and Gretzel (2018) unveiled that influencer campaigns become important means to
enhance marketing communications in social media and marketing field. 86% of brands
and marketers incorporated influencer campaigns and services into their firm marketing
strategies in 2018. The consolidated power of the influencers, their networks and their
followers form and accelerate the dissemination of information and the co-creation of
the brand value and image (Martínez-López et al. 2020). Since marketers increasingly
favor and rely on influencer marketing for better brand outreach, it is expected that this
trend will surge and shape the future of marketing field (Appel et al. 2019). With this
trend, strategic insights on how to better capitalize on influencer marketing on social
media are still needed with the aim to maximize the influential effect of influencers’ and
to increase the brand’s influence to better promote products and services (Huang et al.
2014).

2.2 Influencer Persona

The definition of persona differs in various scenarios. For instance, the term of persona
initially refers to costume masks in theatrical performance which then develops as the
social roles, image or characters shared by performers (Bishop 2007). In addition, per-
sona could be the roles from individuals’ psychological perspective or the image and
appearances being presented in the physical and social context. It can also be the role or
character that matches performers on stage and dramas. Furthermore, persona stands for
settings and image of fictitious characters in animations and games including personal-
ities, facial and physical expressions, style and clothing, and even status of characters
(Wang 2020). Similarly, in the context of social media, the characters that share persona
or personal image are generally deemed to be virtual influencers. Specifically, persona
of influencers includes the appearances, identities, images, lifestyle and even sense of
value that set by influencers. It can be conveyed to the mass through words, behaviors,
and narratives regarding their feelings, emotion, past experiences and lives created by
influencers on social media platforms.
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It is human nature to portray persona or image in positive lights in order to impress
other individuals, and behave according to those persona and protagonists while inter-
acting with others (Goffman, 2002). This explains the fact that social media influencers
intentionally set better image and roles than what they actually are when interacting and
engaging with followers to maintain their attractiveness (Wang 2020). In the context
of positive persona, followers will consider influencers as trustworthy friends and then
showhigher tolerance towards the quality of influencers’ posts and their behaviors (Wang
2020). Related impression and information generated from performers’ behaviors and
narratives is the persona of the performer (Jacobsen and Kristiansen 2014), which refers
to the persona of influencers on social media platforms. Above all, in the context of social
media, positive persona helps to shorten the distance and establish a sense of intimacy
between influencers and audience which can further enhance endorsement effectiveness.

2.3 Influencer Narrative and Concept of Transportation

Researches in narration and persuasion have been lasted for many years. Altman and
Taylor (1973) stated that sharing of personal feelings, stories, thoughts and experiences
with others could engender positive relationships amongst individuals. Extant studies on
narrative persuasion argue that influencer posts are typical examples of persuasive nar-
ratives which clearly present characters, story plots, storylines and outcomes to attract
audience and followers (Feng et al. 2021; Escalas 2007). Social media influencers con-
stantly create stories to maintain their popularity in followers and let audience mentally
feel and show identity with influencers’ idea, value and experiences and ultimately,
accept influencers’ product recommendation (Escalas 2007). Short-form video-based
ads usually complete product persuasion and recommendation through protagonists’
comments of goals, actions, experiences, comments or outcomes before and after the
use of product. Hence, short-form video-based ads on social media could be considered
as narrative ads or story advertising that are created by influencers to foster audience
engagement and positive responses.

A crucial factor of short-form video-based ads, or narrative ads that drives the suc-
cess of product recommendation and consumer engagement is empathy (Escalas 2007).
Short-form ads engender positive consumer attitudes and responses through empathetic
persuasion process. This is a psychological and mental process in which viewers of
the video ads take on perspective of characters and then, imagine and perceive similar
experiences of characters in the ads rather than physically using the products (Kim et al.
2017). As influencers usually form their image, persona and experiences from positive
aspects, it is much easier for audience of ads to empathize influencers’ experiences
in positive manners through the empathetic process (Chang 2013). This then helps to
generate positive affections and product attitudes, and consequently, foster beneficial
consumers responses towards the ads.

In the same vein, the success of influencer marketing regarding narrative persuasion
and empathetic process could be academically explained by the concept of transportation.
This concept view-points that audience’ attention, emotion, imagery, and affections are
interrupted and stimulated by stories plots shared by presenters. Simultaneously, the
audience empathizes and imaginatively project themselves into the relevant experiences
and strong emotions of presenterswhile neglecting real-worldmatters such as time, social
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and physical sites, and real personal experiences (Chang 2013). Similarly, the concept
of transportation and narrative persuasion literature was extended by Green (2004) who
unveiled that empathetic audiencewhich namely the transported individuals tend to show
positive behaviors and attitudes towards narrative ads. The rational explanation is that
the empathetic audience spontaneously shows sympathy and approves the idea and value
of influencers in the ads while developing vicarious feelings. As such, the audience of
short-form video-based ads are more likely to generate positive attitudes which could
latter result in higher consumer engagement and increasing purchase intentions.

3 Methodology

3.1 Platform Selection

Traditional text and picture-based platforms such as Instagram, Facebook and Twitter
are the most considered platforms, influencer campaigns on those platforms have been
attracted plenty of attention from the field of business press and operation, and academic
researches (Vrontis et al. 2021). On the contrary, short-form video-based social media
platforms that embed distinct product and content structures still lack attentions from
various domains. According to Hughes et al. (2019), the relationship between influ-
encers’ posts and follower’s engagement on social media platforms varies with ads type
and social media platforms. For example, high hedonic content paired with campaigns
are vital for consumer engagement generated by blog posts which mainly structured
with text and picture. However, influencers’ posts with high hedonic value are better
matched with trial campaigns on Facebook in which campaign giveaways play neg-
ative effect on consumers. Apart from that, although the most significant difference
between those social media platforms is the content and structure that users can create
and upload, short-form video-based social media platforms show several characters that
differ from traditional mainstream social media platforms. Influencers and participants
embed obvious persona and personal image on short-form video-based social media
platforms (Wang 2020). Specifically, the establishment of personal image and persona
on short-form video based social media platforms are much clearer and more success-
ful. Audience and users might be more susceptible of influencers persona and narratives
under this circumstance, which will further have implications over the effectiveness of
influencer endorsement.

Besides, platforms such as TikTok and Kwai provide an atmosphere in which more
users are encouraged to produce and upload content, especially the content with sense of
entertainment. As such, these short-form video-based platforms unveil higher engage-
ment rates comparing to other social media platforms and networks at all follower lev-
els. For example, micro-influencers on TikTok generated an engagement rate of 17.96%
while the figures for Instagram and YouTube are 3.86% and 1.63% respectively. As for
figures of mega-influencers across different platforms, the engagement rates that gener-
ated by mega-influencers are 4.96% on TikTok, 1.21% on Instagram, and only 0.37%
on YouTube (Influencer Marketing Hub 2022). Since engagement is an important factor
that determines the effectiveness and perceived attractiveness of influencer messages
(Jang et al. 2021), it is necessary to scrutinize the influencers characteristics that serve
as antecedents of consumers’ attitude towards short video ads. Since each short-video
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based social media platform has different atmospheres, audience and followers with
various preferences are attracted and impacted by influencers with different persona and
image. Therefore, it is important to examine the efficacy of influencer endorsement and
their effect on consumers on short-from video platform which is hardly focused.

3.2 Influencer Selection

As for the data to examine the effect of influencers’ persona and narratives on consumers,
influencers will be mainly selected and categorized into three types to explore the inte-
grated effect in different scenarios and that meet consumers’ various needs. Influencers
will be categorized as 1) fashion and beauty types in which influencers usually exert
attractive appearance and actively seeking the latest trends and news; 2) pets, sports and
travel types in which influencers always create their original content and shares their
daily lives; 3) reviewer types in which influencers constantly provide personal comments
regarding current and latest affairs, new products, and services. The psychological needs,
personal experience and understanding of audience and viewers will vary according to
the types of ads and products being promoted. The selection of influencers based on the
classification above is excepted to better measure the effectiveness of product persuasion
without any high biases.

3.3 Audience Selection

With the prevalence of influencer campaigns on social media platforms, consumers
obtain mass opportunities and channels to interact and engage with people sharing real
comments and reviews through social media channels. In this context, consumers in
different generation tend to demand for more personalized and interactive service expe-
riences wherein they are more connected and capable to communicate with brands and
marketers. Although influencers’ posts and messages could trigger audience purchase
intentions, the power of influencers’ persuasiveness varies from generation to genera-
tion depending on consumers’ different needs and motivation. Each consumer segments
and generation will differently be impacted by marketing messages, as consumers in
different generation and age have distinct cognitive, affective, and conative needs and
motivations. According to Lou and Yuan (2019), the power of users, algorithms, and
platform conspired determines the success of influencer marketing.

Participants of surveys and questionnaires in this paper will be classified into three
groups: 1) group 1 represents young adults whowere born from 1992 to 2001; 2) group 2
refers to peoplewhowere born between 1981 and 1991; 3) group 3 consists of adults who
were born before the year of 1981. The reason to label consumers and audience by age is
that people with different age have different degrees of exposure to influences and nar-
ratives. This trend is more pronounced in young adults (Chang 2013). Related concepts
were supported by other researchers. According to De Jans et al. (2018), influencer mar-
keting is one of the most effective means to enhance brand loyalty in Millennials and
for better performance of marketing communications and branding purposes. Young
consumers are more likely to empathize influencers’ feelings and experiences while
viewing persona and narratives created by protagonists with similar age and background
(de Graaf 2014; Chang 2013). Younger consumers’ purchase inspirations and intentions
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are more likely to be stimulated and affected by social media influencers’ posts (Inter-
active Advertising Bureau 2019; Lou and Yuan 2019), whereas general consumers from
other generation tend to be more conservative and rational.

3.4 Method

To explore the effect of narration strategies and persona used by influencers, the big data
approach is applied to answer three research questions. Three types of influencers and
three groups of consumers will be analyzed. The NEO-FFI questionnaire is chosen to
measure participants’ attitudes and responses through a five-point Likert scale ranging
from “strong approval” to “strong disapproval”. In the context of social media and
influencer marketing, simulation and regression models have been adopted to measure
the impact of influencers while taking account of consumer engagement (Choi et al.
2016; Popescu et al. 2016). Hence, in this study, four linear regression models, which
are OLS, KNN, SVM and Lasso Regression model, are modelled to measure influence
of influencers with various persona and, structures and means of narratives, and to
identify the optimalmix of impact features, for instance, positive persona andfirst-person
narrative. In addition, consumers’ psychological variables such as empathy, para-social
interaction and consumers’ self-satisfaction that may be affected during the narrative
process are considered as features. Feature engineering will also be conducted in this
study as the above models will measure the effect of influencers based on consumers
responses on the influencers’ posts from questionnaires. In order to detailly investigate
the joint effect influencers’ persona and narrative over consumers, this study establishes
a 2 × 2 metrics to test the effect in various scenarios.

3.5 Discussion

Based on influencer marketing and narrative persuasion literature, we raised three
research questions. As for the first research question, this paper examines the differ-
ence in consumer attitudes and responses when consumers are exposure to short-form
video-based ads in which influencers share different type persona and narratives. The
results are expected to suggest that positive persona and narratives from first-person
perspective are more likely to generate empathic reactions and positive affections from
audience and viewers of the narrative ads. In the second research question, various sce-
narios in which influencers embed different types of roles and persona are investigated.
For instance, trend-seekers in fashion and beauty types, authorship in pets, sports and
travel types, and commenters that provide conversations. Since audiences and viewers of
short-form video-based ads present diverse demands and motivations in these scenarios,
they will differently empathize and imaginatively project themselves into experiences
of influencers. These will lead to different marketing effects and performance. More-
over, through considering the age of consumers, the results are expected to reveal that
younger adults are more likely to be impacted by influencers who serve as trend seek-
ers in fashion and beauty domains. The third research question focuses on consumers
psychological aspects. The results are expected to indicate that empathy, para-social
interaction and consumers’ self-satisfaction are major variables that are impacted by
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influencers persona and narratives, which can then lead to higher consumer engage-
ment and growing purchase intentions. Taken together, the results of experiment are in
accordance with narrative persuasion researches that when audience empathize into the
experiences of the characters, theymay think from the protagonists’ point of view (Chang
2013; Escalas 2007). Consequently, this empathic and narrative persuasion process can
foster the success of product recommendation and better marketing performance.

3.6 Limitation and Future Research Direction

Data of this paper comes from surveys and questionnaires that consist of fictitious
endorsers and stimulated senses. However, fictitious endorsers may lack the ability to
possess characteristics of real influencers with whom followers physically engage with
on social media platforms. For instance, fictitious endorsers do not share persona and
interact with their followers in a consistent fashion. Hence, one limitation of this study is
that using fictitious endorsers and simulated scenarios may not be capable to fully exam-
ine the cumulative impact of influencer’s narratives of personal image and the persona on
consumer decision-making and real responses. Furthermore, simulated scenarios such
as surveys and questionnaires may fail to capture consumers’ real and instant responses
which could be considered as audience understanding and empathic reactions in context
of influencers narrative persuasion. Previous studies have applied audience’s clicks of
“likes” tomeasure their positive feelings and affections towards posts andmessages gen-
erated from social media platforms (Hong et al. 2017; Seo et al. 2018). Hence, further
studies on this direction could employ the number of clicks and likes generated from
influencers’ posts to better examine users cumulated positive responses on social media
platforms.

3.7 Contribution and Implications

In terms of the theoretical implications, although the role of narrative in marketing fields
and the power of influencer campaigns have been explored extensively (Vrontis et al.
2021; Chang 2013; Escalas 2007), its cumulative effect in the context of influencer mar-
keting and narrative has received little academic attention. This paper helps to expand
boundaries of extant researches in social media influencer marketing and reveals impor-
tant factors of influencers that positively affect consumers’ attitude towards short video
ads from a new research perspective.

From the angle of practical implications, the findings of this paper are expected to
reveal that cumulative effect of positive persona and first-person narratives will posi-
tively alter customer attitudes towards the short-form video ads on short video social
media platforms. Consumers and audience are expected to present higher engagement
and positive product attitudes through the narrative persuasion and empathetic process
while getting access to the narrative ads on short-form video-based social media plat-
forms. These are key findings that brands, advertisers and marketers should consider,
as influencer campaigns are becoming increasingly important in the current advertising
marketing context. Taken together, these findings will further be utilized for the purpose
of social media promotion, larger outreach and better performance of short video ads.
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3.8 Conclusion

Recently, influencer marketing has become prevalent in firms’ digital marketing strate-
gies. Not only marketers and service providers, but also plenty of researchers tend
to figure out the profound influence of influencers over their followers and potential
consumers from multiple dimensions. Within this context, this exploratory research
examined influencers’ narrative strategies, and adopted the concept of transportation
between influencers and their audience to explore the cumulative effect of narratives and
influencer persona during persuasion process. Specifically, given the integrated effect
of transportation among influencers and audience, influencers’ persona and the first-
person narratives of their experiences and lives, audience of short-from video ads tend
to present positive responses towards influencers’ personal images and their persuasions.
Therefore, this study expands boundaries of extant researches in social media influencer
marketing and digital advertising by shedding light on the cumulative role of influencer
persona and narratives.

Acknowledgement. This work was supported by the Natural Science Foundation of China (grant
number 71831005) and Shenzhen Humanities & Social Sciences Key Research Bases (grant
number KP191001).

References

Altman, I., Taylor, D.A.: Social Penetration: The Development of Interpersonal Relationships.
Holt, Rinehart & Winston, New York (1973)

Appel, G., Grewal, L., Hadi, R., Stephen, A.T.: The future of social media in marketing. J. Acad.
Mark. Sci. 48(1), 79–95 (2019). https://doi.org/10.1007/s11747-019-00695-1

Arora, A., Bansal, S., Kandpal, C., Aswani, R., Dwivedi, Y.: Measuring social media influencer
index-insights from Facebook, Twitter and Instagram. J. Retail. Consum. Serv. 49, 86–101
(2019)

Bishop, P.: Analytical Psychology and German Classical Aesthetics: Goethe, Schiller, and Jung,
Volume 1: The Development of the Personality. Routledge, London (2007)

Chang, C.: Imagery fluency and narrative advertising effects. J. Advert. 42(1), 54–68 (2013)
Choi, T.M., Chan, H.K., Yue, X.: Recent development in big data analytics for business operations

and risk management. IEEE Trans. Cybernet. 47(1), 81–92 (2016)
De Graaf, A.: The effectiveness of adaptation of the protagonist in narrative impact: similarity

influences health beliefs through self-referencing. Hum. Commun. Res. 40(1), 73–90 (2014)
De Jans, S., Cauberghe, V., Hudders, L.: How an advertising disclosure alerts young adolescents to

sponsored vlogs: the moderating role of a peer-based advertising literacy intervention through
an informational vlog. J. Advert. 47(4), 309–325 (2018)

DeVeirman,M., Cauberghe, V., Hudders, L.:Marketing through Instagram influencers: the impact
of number of followers and product divergence on brand attitude. Int. J. Advert. 36(5), 798–828
(2017)

DigitalMarketing Institute: 20 Surprising InfluencerMarketing Statistics (2019). https://digitalma
rketinginstitute.com/blog/20-influencer-marketing-statistics-that-will-surprise-you. Accessed
8 Feb 2022

Escalas, J.E.: Self-referencing and persuasion: narrative transportation versus analytical elabora-
tion. J. Consum. Res. 33(4), 421–429 (2007)

https://doi.org/10.1007/s11747-019-00695-1
https://digitalmarketinginstitute.com/blog/20-influencer-marketing-statistics-that-will-surprise-you


The Effect of Influencer Persona on Consumer Decision-Making 233

Feng, Y., Chen, H., Kong, Q.: An expert with whom I can identify: the role of narratives in
influencer marketing. Int. J. Advert. 40(7), 972–993 (2021)

Ge, J., Gretzel, U.: Emoji rhetoric: a social media influencer perspective. J. Mark. Manag. 34(15–
16), 1272–1295 (2018)

Godey, B., et al.: Social media marketing efforts of luxury brands: influence on brand equity and
consumer behavior. J. Bus. Res. 69(12), 5833–5841 (2016)

Goffman, E.: The presentation of self in everyday life 1959. Garden City, NY, 259 (2002)
Green, M.C.: Transportation into narrative worlds: the role of prior knowledge and perceived

realism. Discourse Process. 38(2), 247–266 (2004)
Huang, J., Zhang, J., Li, Y., Lv, Z.: Business value of enterprise micro-blogging: empirical study

from weibo.com in sina. J. Global Inf. Manage. (JGIM) 22(3), 32–56 (2014)
Hughes, C., Swaminathan, V., Brooks, G.: Driving brand engagement through online social influ-

encers: an empirical investigation of sponsored blogging campaigns. J. Mark. 83(5), 78–96
(2019)

Hong, C., Chen, Z.F., Li, C.: “Liking” and being “liked”: how are personality traits and demo-
graphics associated with giving and receiving “likes” on Facebook? Comput. Hum. Behav. 68,
292–299 (2017)

Influencer Marketing Hub: TikTok Statistics (2022). https://influencermarketinghub.com/tiktok-
stats/. Accessed 8 Feb 2022

Interactive Advertising Bureau: 2019 Influencer Marketing Report (2019a). https://www.iab.
com/wp-content/uploads/2019/03/Rakuten-2019-Influencer-Marketing-Report-Rakuten-Mar
keting.pdf. Accessed 8 Feb 2022

Jacobsen, M.H., Kristiansen, S.: The Social Thought of Erving Goffman. Sage Publications,
Thousand Oaks (2014)

Jang, W., Kim, J., Kim, S., Chun, J.W.: The role of engagement in travel influencer marketing: the
perspectives of dual process theory and the source credibility model. Curr. Issue Tour. 24(17),
2416–2420 (2021)

Katz, E., Lazarsfeld, P.F.: Personal Influence: The Part Played by People in the Flow of Mass
Communications. Routledge, New York (2017)

Kim, E., Ratneshwar, S., Thorson, E.: Why narrative ads work: an integrated process explanation.
J. Advert. 46(2), 283–296 (2017)

Lamberton, C., Stephen, A.T.: A thematic exploration of digital, social media, and mobile mar-
keting: research evolution from 2000 to 2015 and an agenda for future inquiry. J. Mark. 80(6),
146–172 (2016). https://doi.org/10.1509/jm.15.0415

Lazarsfeld, P.F., Berelson, B., Gaudet, H.: The People’s Choice: How the Voter Makes Up His
Mind in a Presidential Campaign. Columbia University Press, New York (1948)

Lin, H.C., Bruning, P.F., Swarna, H.: Using online opinion leaders to promote the hedonic and
utilitarian value of products and services. Bus. Horiz. 61(3), 431–442 (2018). https://doi.org/
10.1016/j.bushor.2018.01.010

Lou, C., Tan, S.S., Chen, X.: Investigating consumer engagement with influencer-vs. brand-
promoted ads: the roles of source and disclosure. J. Interact. Advert. 19(3), 169–186
(2019)

Lou, C., Yuan, S.: Influencer marketing: how message value and credibility affect consumer trust
of branded content on social media. J. Interact. Advert. 19(1), 58–73 (2019)

Martínez-López, F.J., Anaya-Sánchez, R., Fernández Giordano, M., Lopez-Lopez, D.: Behind
influencer marketing: key marketing decisions and their effects on followers’ responses. J.
Mark. Manag. 36(7–8), 579–607 (2020)

Melumad, S., Inman, J.J., Pham, M.T.: Selectively emotional: how smartphone use changes user-
generated content. J. Mark. Res. 56(2), 259–275 (2019). https://doi.org/10.1177/002224371
8815429

https://influencermarketinghub.com/tiktok-stats/
https://www.iab.com/wp-content/uploads/2019/03/Rakuten-2019-Influencer-Marketing-Report-Rakuten-Marketing.pdf
https://doi.org/10.1509/jm.15.0415
https://doi.org/10.1016/j.bushor.2018.01.010
https://doi.org/10.1177/0022243718815429


234 H. Chen and J. Ren

Peng, J., Agarwal, A., Hosanagar, K., Iyengar, R.: Network overlap and content sharing on social
media platforms. J. Mark. Res. 55(4), 571–585 (2018)

Popescu, P.S., Mihaescu, M.C., Popescu, E., Mocanu, M.: Using ranking and multiple linear
regression to explore the impact of social media engagement on student performance. In: 2016
IEEE 16th International Conference on Advanced Learning Technologies (ICALT), pp. 250–
254. IEEE, July 2016

Schouten, A.P., Janssen, L., Verspaget, M.: Celebrity vs. Influencer endorsements in advertising:
the role of identification, credibility, and Product-Endorser fit. Int. J. Advert. 39(2), 258–281
(2020)

Seo, Y., Li, X., Choi, Y.K., Yoon, S.: Narrative transportation and paratextual features of social
media in viral advertising. J. Advert. 47(1), 83–95 (2018)

Shareef, M.A., Kapoor, K.K., Mukerji, B., Dwivedi, R., Dwivedi, Y.K.: Group behavior in social
media: antecedents of initial trust formation. Comput. Hum. Behav. 105, 106225 (2020)

Vrontis, D., Makrides, A., Christofi, M., Thrassou, A.: Social media influencer marketing: a
systematic review, integrative framework and future research agenda. Int. J. Consum. Stud.
45(4), 617–644 (2021)

Wang, A.: Influencer persona and audience engagement: an analysis of the user decision-making
differences between traditional and short-video-based social media (Doctoral dissertation,
Massachusetts Institute of Technology) (2020)

Yang, A., Kent, M.: Social media and organizational visibility: a sample of Fortune 500
corporations. Public Relat. Rev. 40(3), 562–564 (2014)



Social Media Advertising and Consumer
Purchase: A Literature Review

Tianxi Gao(B)

Trinity College Dublin, Dublin, Ireland
tgao@tcd.ie

Abstract. This paper provides an overview of the literature on the use of social
media advertising (SMA) and the key factors that affect the effectiveness of SMA.
A total of 92 manuscripts published in top ranking journals in the last decade are
reviewed. At the firm level, factors, such as brand’s social role, time to post on
social media platforms, frequency of social media posts, and genre of the posts,
are found to affect consumer’s purchasing decision and intention to share. At the
individual consumer level, factors including demographic characteristics, general
attitude toward online advertising, and privacy concerns are found to influence
consumer’s buying behaviors.
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1 Introduction

Mariam Webster Online (2004) defines social media as “forms of electronic commu-
nication (such as websites for social networking and microblogging) through which
users create online communities to share information, ideas, personal messages, and
other content (such as videos).” Social media platforms are a new popular carrier for
companies to promote products and services. A recent survey indicates that three out of
four advertisers had used social media and Internet for advertising and promotion, while
over 60% of them had a specific plan to expand their budgets for social promotion and
research on customer behaviors (Shaw 2018). Compared to traditional advertising and
other types of digital marketing, social media advertising (SMA) is considered a faster
and more cost-efficient way of approaching customers (Appel et al. 2019). With the pre-
velance of social media, consumers adapt new consumption habits such as seeking more
information from social media platforms (Zhang et al. 2017). For instance, consumers
share using experience on social media platforms, and new users take these coments as
reference before making purchase decisions (Xu et al. 2010). Some of changes are due
to constraint of time and location, and others are because of personal values and social
influence (Bigne et al. 2005). As a result, many industries innovate to match changes in
customers’ lifestyles; for example, media companies offer digital version of newspapers,
and they publish mobile applications where people can check news in a convinient way.
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Similarly, traditional promotion has been replaced in many industries. Before, prod-
ucts such as cosmetics or clothing are most sold in retail stores. The promotion doesn’t
vary much especially to those, holding really strong brand loyalty. However, with the
development of internet and social media, consumers’ purchase behaviors will change
quickly (Appel et al. 2019). Existing research has examined the differences between tra-
ditional marketing promotion and promotion through social media platforms. However,
researches on consumers’ goals when interacting with brand through social media are
lacking (Naylor et al. 2012). In addition, social media platforms create a new opportunity
that consumers are able to exchange information before making any purchase decision
in a relatively short amount of time (Liu and Lopez 2014). According to de Vries et al.
(2017), while traditional promotion is still effective today, firm-to-consumer social mes-
sages and impressions generate the similar effectiveness, and the trend is shifting from
traditional advertising to social media advertising. However, research on the effects of
other touch points and their interactions with e-shopping and social media sites is scarce
(Lim et al. 2014). Given the scant research into social media advertising and especially
its impact on consumer behaviors, this paper conducts a review of the literature on social
media advertising. The purpose of this paper is to unravel the thereotical foundations
for social media advertising as well as factors that influence consumer behaviors when
exposed to social media advertising.

2 The Literature Review Procedure

When approaching to literatures, this study perfomed a keyword-search strategy on top
journals that are ranked as ABS 3 and above. Besides the area of marketing, this study
also included journals from the area of information systems (IS) since the IS literature
also include studies on social media advertsing and social media marketing in general.
The keywords used were “social advertising/advertisement”, “social media advertis-
ing/advertisement”, “social media platform”, and “online advertising/advertisement”.
The search covered all the relevant literatures available on these top journals in the
time period of 2010 to 2021. Only papers written in English were considered, and the
search was conducted with Google Scholar and search engine within each journal. In the
results, an initial sample contained 420 manuscripts with the key words that appeared in
these papers. Then, advanced search was applied by selecting keywords as exact phrase.
Manuscripts that contains such keywords above in the title and abstract are selected, and
then each manuscript was carefully reviewed to make sure the content is highly relevant.
At the end, 92 manuscripts were eventually reviewed. The distribution of these papers
in the target journals is listed in Table 1.

The papers included in the literature review were content-analyzed in Excel, and
92 articles were categorized and their key findings were summarized. The researchers
extracted key elements from these 92 articles and formed an Excel spreadsheet. These
elements included year of publishment, published journal, main theory mentioned, con-
text of research, data collection method, key variables of the study, key findings, and
future research directions.

In general, the existing research has examined the use of social media as a tool of
advertising, the involvement of social media platforms from both consumer and firm
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Table 1. Summary of literatures

Journals ABS ranking Number of papers selected

Journal of Consumer Psychology 4* 5

Journal of Consumer Research 4* 3

Journal of Marketing 4* 19

Journal of Marketing Research 4* 11

Journal of Academy of Marketing Science 4* 5

Marketing Science 4* 3

International Journal of Research in Marketing 4 6

Journal of Retailing 4 2

European Journal of Marketing 3 4

Industrial Marketing Management 3 1

International Marketing Review 3 1

Journal of Advertising 3 10

Journal of Advertising Research 3 2

Journal of Interactive Marketing 3 3

Journal of International Marketing 3 2

Journal of Public Policy and Marketing 3 1

Marketing Letters 3 2

Marketing Theory 3 1

Psychology and Marketing 3 6

Quantitative Marketing and Economics 3 1

Decision Support Systems 3 2

International Journal of Electronic Commerce 3 1

Internet Research 3 1

perspectives, and the interactions between firms and consumers. The firm level perspec-
tives include (a) social roles of brand (Huang et al. 2013; Li et al. 2020a, b; Summers
et al. 2016); (b) characteristics of the post contents in social media platforms (Kanuri
et al. 2018; Pancer et al. 2018; Xu et al. 2010); and (c) time and scheduling of the posts
(Anderl et al. 2016; Kanuri et al. 2018). The essensial determinants of consumers’ pur-
chase behaviors include (a) consumer characteristics (Dahl et al. 2012; Xu et al. 2010);
(b) consumers’ attitudes toward online advertising and social media advertising (Li et al.
2012; Peng et al. 2018; Trusov et al. 2010); and (c) privacy concern (Kumar et al. 2016a;
Tucker 2013).
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3 Theoritical Positioning

First, we reviewed the theories used to study social media advertising to better under-
stand its theoretical positioning. Table 2 below shows details about theories used. These
theories are categorized around studies at the firm level, studies at the consumer level,
and studies on the outcomes of SMA. Some studies (n = 12) did not refer to a spe-
cific theory, and several studies (n = 3) proposed new perspectives to examine online
advertising and its relative consumer impacts. The most cited theories are Social Impact
Theory (Zhang et al. 2014; Naylor et al. 2012; Colicev et al. 2018; Trusov et al. 2010;
Li et al. 2012), Social Role Theory (Chen et al. 2017; Li et al. 2020a, b; Huang et al.
2013), Motivation Theory (Kumar et al. 2016a, b; de Vries et al. 2012; Kim et al. 2019)
and Game Theory (Hartmann 2010; Zubcsek and Sarvary 2011). TheMotivation Theory
is used to explain consumer’s purchasing behaviors, and the rest of three theories are
used to explain firm’s promotion strategy and the logic behind their targeting through
social media channels. For instance, several papers introduced new concepts that derived
from the Social Impact Theory, and some intergrated Social Role Theory with social
network analysis technique (Li et al. 2012; Zhang et al. 2014). Some paper uses the
Game Theory to explaine their findings where people make different decisions based on
their opportunity cost (Zubcsek and Sarvary 2011).

Three studies proposed new theories that are associated with online advertising and
consumer behaviors. One implies that engagement constructs are causally related to
consumers’ active and passive use of a mobile location-based social network (Pagani
andMalacarne 2017). It notes that people are more interested in reading other comments
or collecting information when other people around them experience a deeper sense of
community (Pagani and Malacarne 2017). A new behavioral theory was also proposed
to understand how the attributes of ads could affect consumer’s buying intention (Fossen
and Schweidel 2019). In addition, Borah et al. (2020) highlight that the use of humor in
online advertising can create higher firm value. These theories are helpful in explaining
how people react to social media advertising when different elements are involved such
as location, tones of ads, and devices that consumers use (Nolan and Varey 2014).

4 Social Media Platforms

Most of the current studies have examined popular social media platforms such as Face-
book, Twitter, Instagram, YouTube, LinkedIn, Snapchat, and Google + (Voorveld et al.
2018). Different social media platforms have different advantages. The most commonly
used channels were ranked as social networks, microblogs, and microsites, blogs, and
video sharing respectively, and the least favourable channels were virtual worlds, social
games, and wikis (Ashley and Tuten 2014). Among those social media platforms, Face-
book,Google+, andLinkedIn socred highest on the dimensions topicality, andFacebook
outplays all platforms on social interaction (Minton et al. 2012). Instagram also ranked
top on dimensions of topicality and pastime; while YouTube and Snapchat are the most
popular platforms on the entertainment dimension (Voorveld et al. 2018).

Firms are using social media platforms as one of their promotion startegies, and
research shows that advertising on multiple platforms is a more effective approach com-
paredwith the use of a single platform only (Snyder andGarcia-Garcia 2016).Most firms
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Table 2. Overview of theories of social media advertising

Firm level Consumer level Outcomes

Audience Value Maximization
Algorithm

Achievement Attribution
Theory

Hierarchy of Effect Theory

Game Theory Appraisal Theory Reciprocity

Implicit Theory Balance Theory Self-efficacy Theory

Psychological Ownership
Theory

Behavioral Reasoning
Theory

Simultaneous-move games

Psychological Reactance Theory Construal Level Theory Theory of Reasoned Action

Rhetorical Theory Hedonic Adaptation
Theory

Social Impact Theory Just-world Theory

Self-perception Theory Mental Accounting

Self-regulation Theory Motivation Theory

Social Role Theory Self-signaling Theory

Time Allocation Theory

use a combination of traditional advertsing (Television advertising and newspaper) and
social media advertising, but in general, brands that heavily rely on social media plat-
forms earn higher brand awareness and have more followers (Ashley and Tuten 2014).
Cross-platform advertising creates the highest ROI for a brand, and the ROI is max-
imized when messages are customized to each individual (Snyder and Garcia-Garcia
2016).

5 Firm Level

Firms use social media as platforms to display advertising, and existing literatures have
examined some key factors that influence the interaction between firms and consumers.
Consumers have different attitudes when firms are building different brand images on
socialmedia platforms. The contents of advertising plays a big role regarding consumers’
reactions. Time and frequency of advertising displayed also affect consumers’ purchas-
ing decisions. This section describes the key findings about how fimrs are involved with
social media on three categories.

Role of Brand. When brands are positioning, they label themselves with various tags or
focus (Summers et al. 2016). Firms usually build such culture and goals in their mission
statement. Some research has studied the impact of company’s social roles when they
are deemed as “leaders”, “friends”, and “challengers”. Consumers view products with
greater market shares as “leaders” and products with lower shares as “challengers” (Li
et al. 2020a, b). For instance, in automobile industry, cars using gaoline are the leaders
because they take the biggest share from the market, and motocycles are challengers
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(Borah et al. 2016). Any sort of e-bike and electronic cars are considered as “friend”
because firms are creating images such as environment friendly and new energy. The
way how brand displays advertising can create different consequence based on a brand’s
social role. For a brand that represents themselves as a friend to its customers, consumers
tend to rate positively when its advertising is displayed horizontally and near to the
image of customers (Bronner and de Hoog 2014). For “leaders”, however, people rate
positively when ads are located above and far from image of customers (Huang et al.
2013). In addition, studies have found that consumers react differently when brands are
making comparisons. For instance, consumers are found to respond more favorably to
“leader vs. challenger comaprsion”, where the “leader” product is making comparison to
“challenger” products to show its dominant advantage, and they respond less favorbaly to
“challenger vs. leader comparison”, where a “challenger” product looks for comparison
against a “leader” (Li et al. 2020a, b).

Contents and Posts on Social Media Platforms. When firms post on social media
channels, people evaluate the content and context and show their attitudes toward the
posts by “liking”, “sharing”, “following”, “reposting”, “commenting”, and/or “tagging”.
In general, simple posts are liked more when contents are longer, and people comment
more when such posts are easy to read (Pancer et al. 2018). While liking, tagging, and
sharing are the most common social media behaviors, liking and following a brand have
the lowest consumer effort on engagement behaviors (John et al. 2017). Commenting
and mentioning a friend in comments are more socially motivated (Pentina et al. 2018).
In addition, people are more engaged when there are personal ties between senders and
potential receivers (Trusov et al. 2010). However, such “influence of narrative transporta-
tion is negativelymoderated by advertising disclosure that elicits persuasion knowledge”
(Seo et al. 2018, pp. 1), and the negative impact of persuasion knowledge can be reduced
when the ads received a high number of “likes” and “sharings”.

Time and Scheduling. A majority of studies has been devoted to understanding con-
sumer’s activities and time schedules on checking social media. It is important to know
when to post and how frequently to post on social media channels. As a result, previous
studies have explored that consumers react differently when seeing the same content
on different time periods of the day. For instance, Kanuri et al. (2018) find that posting
content in the afternoon receives fewer link clicks than doing so in the morning. Post
contents with positive emotions receive higher link clicks, and contents with negative
emotions generate fewer link clicks in the afternoon than in the morning. Moreover,
Anderl et al. (2016) suggest that consumer activities in the past can also influence their
current purchase probability. In other words, consumers’ past purchase can play a sig-
nificant role in affecting their repeated purchase. And usually they would be more likely
to share or comment when they see posts about their purchased products on social media
platforms (Toker-Yildiz et al. 2017). Therefore, firms should occasionally make posts
about their existing products to increase product recall and secure brand loyalty.

6 Consumer Level

Existing literature has explored factors that affect consumer’s behaviors when using
social media. Consumers’ knowledge and level of confidence are highly involved with
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their social meida activities (Errmann et al. 2019). Consumers’ general attitude toward
advertising would differently affect their decision making when seeing the same ads.
Privacy concern is also a key elements that easily draws consumers’ attentions. This
section provides detailed findings about the interaction between consumer and social
media.

Consumer Characteristics
Self-esteem&PersonalKnowledge.Consumer’s self-esteem is found to play a significant
role when they are required to evaluate a product or a brand (Wu et al. 2020). Consumer
with low self-esteemwould evaluate a product negatively when they receive suggestions
from a referent, while people with high self-esteem are less likely to be influenced by
other peoples’ purchasing behaviors (Dahl et al. 2012). The research suggests that people
with low self-esteem are more sensitive when they receive and exchange comparison
information, and they tend to question their own judgement. In contrast, people with
high self-esteem would evaluate products and brands equivalently regardless of the
amount of competing information they receive and whom they receive such information
from. In addition, people who don’t have knowledge about the products would use
referent as a guidance, and theywould evaluate brands andproductsmore positivelywhen
such referent comes from well-known sources such as popular magazine or celebrities.
Consumers who have knowledge about the products or have personal experience with
the products would use media as a tool to share user experience and evaluate brands and
products (Xu et al. 2010).

Types of Users. Leaders in social media can be defined as influencers whose posting
would largely draws other users’ attentions or reactions such as “liking” and “comment-
ing” (Hughes et al. 2019). Leaders are more active, and they usually make decisions
independently (Appel et al. 2019). Leaders are more engaged on social media platforms,
and they are the ones who usually make original posts. Followers can be identified as
people who have lower amount of engagement on social media platforms, and their main
activities are liking, sharing, and sometimes commenting. A goodway to identify leaders
on social media platforms is to look at one’s number of subscribers, post frequency, and
the number of likes, sharings, and comments on each original post (Wang et al. 2019).
Leaders are influencial when suggesting products because consumers see them as more
persuasive than firm representatives (Huang et al. 2020). Therefore, an influential user
leaving the platform could negatively affect firm’s revenue because his/her followers are
more likely to be affected by this influential user when they make purchase decisions
(Trusov et al. 2010). It is an effective approach for firms to target users who have large
numbers of common followers when they release a new product or service (Peng et al.
2018). Consumers may not care about what product or service that a firm advertises, but
they care more about where they receive the information (Li et al. 2012). For instance,
when consumers are surfing on the internet, products that are sharedmany times by other
consumers are more likely to gain their attention. consumers assume that these are good
products because many consumers make evaluation based on their personal experience
(Appel et al. 2019).

Attitude Towards Social Media Advertising. Several studies have demonstrated that
consumers’ attitude toward general advertising and consumers’ attitude toward social
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media are one of the key variables that would affect consumer’s purchase decision.
For instance, consumers tend to have more positive attitude toward ads when they see
more ambient media that surprises them; therefore it increases consumer’s intention to
buy (Hutter and Hoffmann 2014). Consumer’s attitude toward social media advertis-
ing has a positive effect on both message interaction behavior and social interaction
behavior (Johnston et al. 2018). When online advertising is credible and trustworthy to
consumers, they tend to have positive attitude toward online advertising, and therefore
higher purchase intention (Errmann et al. 2019). When consumers think online adver-
tising undermines their culture and social values, they will have negative attitude toward
social media advertising (Wang and Sun 2010). As suggested by Li and colleagues,
people will not be annoyed by advertisements shared by their friends, but they will be
when advertisements are sent automatically by the platform (Li et al. 2012). Consumers
are concerned with how advertisement approach to them because they do not want to
be manipulated by big data even though it sometimes make their purchasing experience
easier and more convenient (Deuze 2016).

Privacy Concern. Retailers such as Amazon analyze consumers’ buying behaviors by
using consumers’ search history data and their previous purchase information to predict
their interests. Other social media platforms collect consumer’s word choice of posts and
analyze what they may want to see. advertisers then use big data to deliver personalized
advertising. It raises increasing privacy concerns where people feel their devices are
spying on them (Tucker 2013). Personal engagement can significantly influence active
usage especially when consumers are now concerned about privacy issues (Pagani and
Malacarne 2017). Studies have consistently suggested that customers with greater pri-
vacy concerns are less likely to participate in firms’ social media sites (Kumar et al.
2016a, B). Privacy issues can hurt both social media platforms and brands when an
unethical behavior is exposed. Such privacy emergency creates unnecessary reputation
risks for firms that use social media platform to display ads and collect consumers’
information. Since social media advertising is a new channel comparing with television
advertising and newspaper advertising, privacy policies are not generally understood.
Research on government policy and interaction between social media’s regional effects
and consumer’s bargaining power is scarce (Tucker 2013).

7 Conclusion

This paper has reviewed over 90manuscripts that are published in top ranking journals in
the past decade. This paper offers an overview of what has beenmostly studied regarding
social media advertising. Current research from top journals has generally examined the
performance implications of social media advertising on consumer-related factors and
firm-related factors. The variables affecting the performance and evaluation of adver-
tising from both senders’ and receivers’ perspectives include firm’s realeasing time and
frequency, genre of the advertising, firm’s social roles, conusmer’s attitude toward online
advertising, privacy concern, and consumer’s characteristics and knowledge. Desipte the
research progress, this paper also identifies revenue for future research. As the existing
literatures focus on social media promotions on Facebook and other popular platforms, it
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is worth further investigation on the social media platforms other than Facebook, Twitter,
Instagram, YouTube, LinkedIn, Snapchat, and Google +. It is challenging to indentify
the same user who uses both Facebook and Twitter; therefore, cross platform effect is an
area worth to dig deeper into. Future research should also investigate the frequency of
advertisement displayed in social media platform how it influences consumers’ intention
to buy and rebuy. It is also worthwhile to investigate how the characteristics of adver-
tisement such as length of advertisement, display (portrait vs. landscape) can influence
consumers’ attitudes toward the ads.
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Abstract. Understanding themarketingmixed strategywith internetKeyOpinion
Leader (KOL) marketing in online brand community has remained a challenge for
both academics and practitioners. Previous studies have explored different charac-
teristics of KOL and their impact on customer purchase attentions. Contributing to
this stream of the literature, our study explores the direct effect of KOL activeness
and influence characteristics on customer online education real purchases as well
as the mediating effect of sales discount and mobile advertising on such effect.
Using real online education community individual transaction data collected from
May to the end of August 2019 with the sample size of 29070 transactions. Our
study shows that both high degree of activeness and influence level of KOL has
a direct effect on online user’s real purchase amounts and purchase times. And
such effect can be mediated through sales discount and mobile advertising. The
results have great implications to guide firms in terms of their marketing strategies
in maximizing the return on investment in sales discount, mobile advertising and
KOL marketing.

Keywords: Online key opinion leader · Online brand community · Sales
discount · Mobile advertising · Education purchases

1 Introduction

Online Brand Community refers to the Online Community in which enterprises or Brand
parties participate and play a leading role. Online brand community can be also regarded
as a virtual interactive network established by enterprises to maintain long-term relation-
ships with consumers of specific brands. According to the Report on China’s Internet
Development Trend, The number of Internet users in China reached 1.08 billion in
February 2020, with diverse and inclusive needs. The success of online brand communi-
ties is inseparable from users’ positive contributions, such as sharing their consumption
experience, discussing usage issues, and commenting on newly launched products (Shen
et al. 2018).

Demiray (2019) showed that the interaction between consumers and brands becomes
more dynamic and powerful through online brand communities. Social media supports
online brand communities and community members by actively join in content creation
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(Kamboj and Rahman 2017). If enterprises can help community members reducing the
cost of information acquisition through brand community, users’ willingness to partici-
pate in community communication can be improved, and users’ trust and even satisfac-
tion to the community can be increased. Homburg et al. (2015) studied how consumers
react to the company’s active participation in consumer-to-consumer interaction in firm’s
online community. Luo et al. (2016) suggested that effective interaction can promote
the harmony of online brand communities and improve the quality of community rela-
tions. All these previous studies on online brand communities either the analysis of the
mechanism of online brands or the studies of user behavior of online brand communi-
ties. However, the research of online brand communities on users’ purchasing behavior
needs to be supplemented, especially how online opinion leaders influence users’ actual
purchasing behavior through online brand communities.

The KeyOpinion Leader (KOL) is an intermediary of information dissemination and
an active person in transmitting information (Lazarsfield 1944). Rogers (1995) defined
key opinion leader as “the degree to which an individual can influence other individuals’
attitudes or public behaviors in a desired way with relative times”. Opinion leaders are
often at the center of a network that includes connected users of information. Three
major factors that determine opinion leaders’ influence are the elaboration of values of
network, professional knowledge and technology, and the nature of social network. Sub-
sequent studies have found that the common characteristics of KOLs include education
level, moral image, social reputation (Mancuso 1969) and participation level in product
activities (Corey 1971).

With the development of Internet technology and the promotion of online shopping,
network KOLs have become the focus of people’s research, mainly studying how to
identify KOLs and what kind of influence they will have. Liu et al. (2020) studied
the different influences of the interaction, authority and activity of KOL characteristics
on online communities based on social capital theory. Hughes et al. (2019) found that
the influence of KOL blog publishing on consumers’ online engagement depends on the
characteristics of bloggers and article content,while the type of socialmedia platformand
the intention of competing product advertising further mitigated this effect. Therefore,
the studies of KOLs characteristics not only include activeness and influences, but also
extended to include self-plasticity, uniqueness and product participation level. However,
how network KOLs influence online customers’ actual purchasing behavior remains to
be further studied.

Therefore, this paper intends to solve two research questions: (1) in online brand
communities, how do the characteristics of online KOLs influence the actual purchasing
behavior of users, and what are the specific impacts? (2) What role do corporate pro-
motional activities in online brand communities, such as price promotion and mobile
advertising, play in the effect of onlineKOLsononline customers’ real purchasingbehav-
iors? To solve these questions, hypotheses with literature reviews were first developed.
Empiricalmethodology then is explainedwith data andmodel explanations. Econometric
models are estimated and results are presented and discussed to the end.
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2 Literature Review and Hypotheses

Para-social Interaction Theory was first used to define the relationship between the audi-
ence and performers (Horton andWohl 1956), which was considered to be an illusion of
intimacy compared to real interpersonal relationships. Trough internet, multiple fans can
form an online community, and members share similar values, beliefs and interests with
bloggers (Nambisan and Watt 2011). Welbourne and Grant (2015) believed that due to
the quasi-social interaction established by unique speakers, YouTube channels with one
speaker are more popular and influential than channels with multiple speakers. Celebri-
ties who connect more with the audience are more persuasive (McCormick 2016). Liu
et al. (2020) studied that with the increase of opinion leader activities, activities pro-
mote unilateral introduction of knowledge, declaration of common goals and elimination
of members’ perceived uncertainty, which can eventually be transformed into people’s
actual behaviors for the sustainable development of online communities. Based on this
quasi-social interaction theory, the one-way information transmission between network
KOLs and users builds a quasi-social interaction relationship between them. In this rela-
tionship, different characteristics of network KOLs will have different influences on
users. Therefore, we propose:

H1: online education community KOLs with different characteristics have different
influence on consumer purchases.

The activity degree of networkKeyOpinion Leaders (KOLs) refers to the enthusiasm
of network opinion leaders in social media (Li et al. 2013). When KOLs are in a high
degree of activity, they are more active online and potentially generate more contents.
Which implies sending more information to users online. Swani et al. (2013) pointed
out that users can confirm the information published by network KOLs on social media
by browsing number, while the number of “likes” indicates that users have positive
feelings about the content published by network opinion leaders. Li et al. (2013) took
the network opinion leaders of Weibo platform as the research object, and measured the
user activity through the number of original Weibo posts, forwarded Weibo posts and
comments, reflecting the initiative of user nodes in communication. According to Shen
et al. (2018), online KOLs have positive impacts on users’ purchase intention. Therefore,
the research hypothesis associated with KOLs activity is proposed as follows:

H1a: KOLs with high degree of activity increases consumers’ online purchases.
The influence of network KOLs refers to the influence of network opinion leaders

on users’ purchasing through social media (Li et al. 2013). Previous studies expressed
the influence of network opinion leaders qualitatively based on their approval, support
and trust from users, or measured the influence of network opinion leaders simply by the
number of fans or supports. Jiang et al. (2011) studied that the number of followers on
Twitter is weakly correlated with user influence. Li et al. (2013) measures the influence
of online opinion leaders by the coverage degree and reading degree of their published
texts. They used the number of retweets to measure the value of a microblog and the
number of comments to measure the popularity of a microblog when evaluating the
user nodes in the microblog network, both of which represent user influence. Generally
speaking, the greater the influence of network opinion leaders is, the more attractive it is
to users. Therefore, the research hypothesis associated with KOLs influence is proposed
as follows:
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H1b: KOLs with high degree of influence increases consumers’ online purchases.
Promotion includes advertising, personal sales, public relations and various forms of

promotional activities (Kim and Lee 2017). In this research, promotions in online brand
communities are the discounts that users get when they buy products. Wu et al. (2015)
showed that companieswith emphasis on the promotion of customer between the depth of
the community participation significantly increase the purchase times, moreover, among
preventive clients, the impact of deep engagement is quite different. Meire et al. (2019)
investigated the role of corporate social media interaction plans centering on customer
experience interaction events in influencing customers’ emotions in digital interaction,
and suggested that marketers can influence customer interaction performance and the
mood of digital interaction, and that informational content generated bymarketers (rather
than emotional content) can enhance customer emotion for adverse event outcomes. Cai
et al. (2016), based on the theory of purchase value, proved that providing low discounts
for non-essential purchases would reduce perceived transaction value and consumers’
purchase tendency by using the second scan panel data set (6 different product categories)
and 5 experiments (actual purchase). However, this effect reverses when the purchase is
large or necessary. Guha et al. (2018) studied the relationship between discount depth
and purchase intention and concluded that sales induced by price promotion depends
largely on the depth of the discount. Humna and Celeste (2018) showed that loyal
customers switch brands according to positive situations such as promotional activities.
In this study, promotional offers are the benefits that users get through online brand
communities. Shoham et al. (2008) believed that the relationship between KOLs and
audiences is actually one of replication and promotion. Therefore, the hypotheses of
research on promotional offers in online brand communities are as follows:

H2: sales discount posted in online community byKOLsmediates the effect of KOLs
on customer purchases.

Mobile advertising in this paper refers to the advertising in the form of products
published by enterprises through online brand communities. This kind of mobile adver-
tising from the online brand community can also represent the ability of the online brand
community to spreadmarketing. Goldfarb and Tucker (2011) believed thatmobile adver-
tising can replace offline advertising and promote consumers’ purchase intention. Swani
et al. (2013) pointed out that consumer social interaction in advertising is a proxy for con-
sumer engagement and the effectiveness of advertising messages. Because enterprises
have a variety of marketing means, they tend to promote their brands and products
more widely in the form of mobile advertising. Therefore, online brand communities
tend to push as many online advertisements as possible to further attract users in online
brand communities, increase users’ purchasing intention and enhance their purchasing
behavior. This paper hopes to verify whether mobile advertising has a significant impact
on users’ purchasing behavior by analyzing their purchasing behavior records. In this
study, enterprises publish online advertisements and some promotional offers in online
brand communities through online opinion leaders. Therefore, they can match online
opinion leaders by tracking users’ promotional offer sources, and then verify the influ-
ence of online advertisements published by online opinion leaders on actual purchasing
behaviors. Therefore, research assumptions about mobile advertising in online brand
communities are as follows:
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H3: brand mobile advertising in online education community mediates the interre-
lationships between KOL characteristics and customer purchases.

3 Methodology

3.1 Data

This study selects Penguin Tutoring, an online education platform operated by Tencent,
as the research object. Based on the development and sales data of the platform and
online brand communities, we collect user transaction data for K1 to K12 education.
The data collection period is from May 1, 2019 to August 31, 2019. The characteristics
of network KOLs and corresponding user transaction data are recorded by internal work
of enterprises and manually sorted. The most relevant 14 network KOLs are identified
according to the matching period from May to August. The method of screening user
transaction records is to screen out all transaction records of all users through transaction
user IDS guided by network KOLs every day. The account information of these 14
network opinion leaders and the product participation of account management personnel
are obtained (i.e., Follow teachers to live class and cooperate with teachers and students
to interact with each other), daily transaction user information and transaction amount
guided by online KOLs. The daily number of all kinds of posts, views and likes of these
14 KOLs fromMay to August are also collected on the online education platform. Final
sample size used in this research is 29070 transaction level data from May 1, 2019 to
August 31, 2019 for all 14 KOLs.

Dependent Variable. The online education community users’ actual purchases, includ-
ing the purchase amount and purchase times are used as dependent variables. The pur-
chase amount is the description of a single transaction at a certain time node, and the
purchase times is the description of repeated purchase behaviors of users in chronolog-
ical order. LnPurchasePikt represents the logarithm in RMB, of the purchase amount of
the transaction numbered i that occurred at time t for the kth KOL. Same goes to the
purchase numbers, PurchaseNikt, in units of one purchase.

Independent Variables. The independent variables of the model include the degree of
activity and the degree of influence of network KOLs. Activityikt represents the Activity
of the network KOLs, and Impactikt represents the influence of the network KOLs. Past
studies use AHP method to process the number of original ideas, reposts, comments,
comments, reposts and fans representing network opinion leaders, so as to obtain indi-
cators of activity, influence and authority. Liu et al. (2020) authoritatively measured the
characteristics of opinion leaders by the number of fans, followers and mutual follow-
ers. In this research, since Tencent Penguin Tutoring is taken as the research object, the
characteristic data of Impactikt of network KOLs consists of the number of posts, views
and comments. Therefore, Impactikt is obtained from the actual amount of consumption
guided by network KOLs. Since the influence of network KOLs does not change by
day, the actual amount of purchase guided by network KOLs is calculated based on the
transaction time and the total amount within one week before and after the transaction,
to reasonably represent the influence of network opinion leaders before and after the
trading day.
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Mediating Variables. Promotion of online brand community (Promotionikt) andmobile
advertising of online education community (Onlineadikt) are two mediating variables.
Promotionikt is defined as product original price minus the price paid by users, then
divided by product original price. Onlineadikt is coded as 0, 1 respectively to indicate
whether the transaction is an online advertisement published by enterprises or not with
0 means no and 1 means yes.

Controls Variables. User Return (Returnikt) and network KOL gender (Femaleikt) are
two control variables. The user’s return or exchange record is one of the characteris-
tics of the user’s purchase behavior reflecting the user’s purchase habit which might
have impacts on customer’s purchase behaviors. Therefore, the user with the return or
exchange behavior is recorded as 1, and the user without the return or exchange record is
recorded as 0 for Returnikt. Femaleikt is representing gender of one of the characteristics
of network KOL, which marked as 1 and male is marked as 0.

3.2 Model

The econometric panel models that used to test the proposed hypotheses are listed below
as model 3-1, 3-2 and 3-3.

Yikt = β0 + β1 ∗ Activityikt + β2 ∗ Impactikt + β3 ∗ Promotionikt + β4 ∗ Onlineadikt + μid
i ∗ β5

+ μkol
k∗ β6 + Controlsikt∗β7 + εYikt (3-1)

Promotionikt = α0 + α1 ∗ Activityikt + α2 ∗ Impactikt +μid
i ∗ α3 + μkol

k∗ α4 + Controlsikt∗α5 + εPikt (3-2)

Onlineadikt = γ0 + γ1 ∗ Activityikt + γ2 ∗ Impactikt +μid
i ∗ γ3 + μkol

k∗ γ4 + Controlsikt∗γ5 + εAikt (3-3)

Where Yikt is a 2 * ikt vector of dependent variables which include PurchasePikt

and PurchaseNikt . i indicates individual customers from 1 to n. k represents KOLs from
1 to k. t is the purchasing time. Both Activityikt and Impactikt are independent variables
representingKOL’s characteristics.Promotionikt andOnlineadikt aremediating variables
representing sales discount and mobile advertising, respectively. μid and μkol are n * n
and k * n vectors of the fixed effects for individual customer and KOL, respectively.
Controlsikt is a 2 * ikt vector of control variables which include Returnikt and Femaleikt .
β0 to β4, α0 to α2, γ 0 to γ 2 are estimated parameters. β5, α3, and γ 3 are the parameter
of n * 1 and n * 1 vector. εY ikt , εPikt , and εAikt are residuals where each follows normal
distribution with mean zero and constant variance.

4 Data Analysis and Results

In this research, fixed effects panel model is applied to control for differences between
individual customers and individual KOLs. We ran the Hausman test to decide whether
a fixed- or random-effects model would be the right choice. The Hausman test suggested
that a fixed-effects model is preferable. Table 1 reports the fixed-effects model results.
When purchase times (Purchasen) is used as the dependent variable in the model, Pois-
son regression with maximum likelihood estimation is applied for this count number
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Table 1. Estimation results

Variables Model 3-1
(LnPurchaseP)

Model 3-1
(PurchaseN)

Model 3-2
(Promotion)

Model 3-2
(Onlinead)

Control
variables

Return −0.059 (0.046) 0.049***(0.002) 0.031**(0.011) 0.017(0.015)

Female −0.346 (0.632) −1.247***(0.063) −0.014(0.156) −0.427**(0.200)

Independent
variables

Activity 0.310***(0.067) 0.245***(0.008) −0.088***(0.016) 0.084***(0.021)

Impact 0.911***(0.062) −0.581***(0.006) −0.040**(0.015) −0.136***(0.019)

Promotion −0.424***(0.024) −0.523***(0.004)

Onlinead −2.744***(0.019) 0.334***(0.003)

Individual
fixed effects

Controlled Controlled Controlled Controlled

KOL fixed
effects

Controlled Controlled Controlled Controlled

Constant 3.892***(0.445) 3.443***(0.003) 0.046(0.110) 0.459**(0.141)

Number of
observations

29070 29070 29070 29070

R-squared 0.545 0.587 (Pseudo R2) 0.232 0.196

F 34.05 65083.30 (LR) 8.60 6.95

Prob > F 0.000 0.000 (Prob >

Chi2)
0.000 0.000

***: p < .01; **: p < .05; *: p < .10; standardized errors in parentheses

dependent variable model. Linear panel models are applied to other dependent variable
models.

As shown in the results of Model 3-1 in Table 1, network KOLs’ activity level has
a significant positive impact on user purchase amount (β = 0.310, p < 0.001) and user
purchase times (β = 0.245, p < 0.001), supporting H1a. The influence level of network
KOLs has a significant positive impact on users’ purchase amount (β = 0.911, p <

0.001), and a significant negative effect on users’ cumulative times of purchase (β = −
0.581, p < 0.001), partly supporting H1b.

In terms of the mediating effect of sales discount, as the results shown in Model 3-1
in Table 1, Sales discount has a significant negative effect on both purchase amount (β =
−0.424, p< 0.001) and purchase times (β = −0.523, p< 0.001). In addition, the results
of Model 3-2 and Model 3-3 in Table 1 show that online KOLs’ activity level (β = −
0.088, p < 0.001) and influence level (β = −0.040, p < 0.05) have significant effects
on sales discount promoted by KOLs. Therefore, the mediating role of sales discount
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between the effect of activity level and influence level of network KOLs on customers’
online community purchase amount and purchase times is verified, supporting H2.

In terms of the mediating effect of mobile advertising, as shown in Model 3-1 in
Table 1, Mobile advertising has a significant negative effect on purchase amount (β =
−2.744, p < 0.001) but a significant positive effect on purchase times (β = 0.334, p <

0.001). In addition, the results of Model 3-2 and Model 3-3 in Table 1 show that both
KOL activity level (β = 0.084, p < 0.001) and influence level (β = −0.136, p < 0.001)
have significant effects on mobile advertising. Therefore, the mediating role of mobile
advertising for the effect of both KOL activity level and influence level on the amounts
of users’ online education community purchase and the times of users’ purchase has
been verified, supporting H3.

5 Discussion

The characteristics of network opinion leaders are measured by activeness and influence.
Data regression results show that both the activity and influence characteristic of network
KOLs have significant positive impacts on consumers online education community pur-
chasing behaviors. This is consistent with previous research results on the identification
of network opinion leader characteristics Li et al. (2013). Therefore, for the network
KOLs in the online brand community, maintaining a high degree of activity and actively
expanding their influence are the most effective methods to guide the increase of users’
purchasing behavior and promote the increase of users’ purchasing amount.

The estimation results also showed that both sales discount and mobile advertising
that distributed by KOLs in the online education community are playing the mediating
role in the relationship between the characteristics of KOL activeness and influence and
consumers’ online education purchase amounts and also purchase times. Our results
are consistent with the previous research for KOLs. Guha et al. (2018) suggested that
promotional offers have a positive impact on consumers’ purchase intention. Wu et al.
(2015) believed that in-depth community participation increases the times of user pur-
chases. Camacho et al. (2019) showed that higher engagement intensity leads to higher
creative quality and better business performance. Goldfarb and Tucker (2011) believed
that mobile advertising will increase users’ purchase intention. However, we not only
extend the current KOL research to online brand community of education industry with
real transactional data, but also found the mediating role of sales discount and mobile
advertising for the KOL impacts on consumers’ purchase behaviors.

Therefore, the marketing strategies that we suggest for enterprise online community
marketing with KOLs are: (1) at the beginning of building online brand community,
attention should be paid to the form and scope of topic communication of online brand
community from the perspective of community model, so as to help and encourage
KOLs to increase their activeness and influence in online brand community. (2) using
as much as incentives to encourage KOLs to actively participate in online community
topic discussions and brand activities, and to pay attention to maintaining customer
group relations, and to maintain their influence on user groups. (3) In the operation
process of online brand communities, instead of sending the sale promotion or sending
mobile advertising likes directly by the company to online users, issuing sales discountal
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coupons or mobile advertising links through online KOLs can generally increase users’
purchasing behavior, which is conducive to improving brand owners’ sales.

Acknowledgement. The research is funded by the National Natural Science Foundation of China
(Grant number: 71831005).

References

Cai, F., Bagchi, R., Gauri, D.K.: Boomerang effects of lowprice discounts: how lowprice discounts
affect purchase propensity. J. Consum. Res. 42(5), 804–816 (2016)

Camacho, N., Nam, H., Kannan, P.K., Stremersch, S.: Tournaments to crowdsource innovation:
the role of moderator feedback and participation intensity. J. Mark. 83(2), 138–157 (2019)

Corey, L.G.: Peoplewho claim to be opinion leaders: identifying their characteristics by self-report.
J. Mark. 35(4), 48–53 (1971)

Demiray, B.: Exploring the impact of brand community identification on Facebook: firm-directed
and self-directed drivers. J. Bus. Res. 96, 115–124 (2019)

Goldfarb, A., Tucker, C.: Online display advertising: targeting and obtrusiveness.Mark. Sci. 30(3),
389–404 (2011)

Guha, A., Biswas, A., Grewal, D., Verma, S., Banerjee, S., Nordfalt, J.: Reframing the discount
as a comparison against the sale price: does it make the discount more attractive? J. Mark. Res.
55(3), 339–351 (2018)

Homburg, C., Ehm, L., Artz, M.: Measuring and managing consumer sentiment in an online
community environment. J. Mark. Res. 52(5), 629–641 (2015)

Horton, D., Wohl, R.R.: Mass communication and para-social interaction: observations on
intimacy at a distance. Psychiatry Interpersonal Biol. Process. 19(3), 215–229 (1956)

Hughes, C., Swaminathan, V., Brooks, G.: Driving brand engagement through online social influ-
encers: an empirical investigation of sponsored blogging campaigns. J. Mark. 83(5), 78–96
(2019)

Humna, H., Celeste, R.: Evaluating the impact of promotional activities on brand loyalty. J. Mark.
Logist. 8(1), 63–87 (2018)

Jiang, L., Yu, M., Zhou, M.: Target—dependent Twitter sentiment classification. In: C1 Pro-
ceedings of Annual Meeting of the Association for Computational Linguistics, pp. 151–160.
Association for Computational Linguistics, Oregon, USA (2011)

Kamboj, S., Rahman, Z.: Understanding customer participation in online brand communities:
literature review and future research agenda. J. Cetacean Res. Manag. 20(3), 306–334 (2017)

Kim, S.H., Lee, S.A.: Promoting customers’ involvement with service brands: evidence from
coffee shop customers. J. Serv. Mark. 31(7), 733–744 (2017)

Lazarsfeld, P.F.: The Election is over. Public Opin. Q. 8(3), 317–330 (1944)
Li, Y.Y., Ma, S.Q., Zhang, Y.H., Huang, R., Kinshuk: An improved mix framework for opinion

leader identification in online learning communities. Knowl.-Based Syst. 43, 43–51 (2013)
Liu, Y., Gu, Z.L., Ko, T.H., Liu, J.: Identifying key opinion leaders in social media via modality-

consistent harmonized discriminant embedding. IEEE Trans. Cybern. 50(2), 717–728 (2020)
Luo, N., Zhang, M., Hu, M.: How community interactions contribute to harmonious community

relationships and customers’identification in online brand community. Int. J. Inf. Manag. 36(5),
673–685 (2016)

Mancuso, J.R.: Why not create opinion leaders for new product introductions? J. Mark. 33(3),
20–25 (1969)



The Synergistic Effect of Sales Discount and Mobile Advertising 255

McCormick, K.: Redefining the celebrity: ‘self-made’ versus ‘manufactured’ celebrity endorsers’
impact on consumers’ attitudes and purchase intentions. Fashion Style Popular Cult. 3(3),
339–356 (2016)

Meire, M., Hewett, K., Ballings, M., Kumar, V., Van Den Poel, D.: The role of marketer-generated
content in customer engagement marketing. J. Mark. 83(6), 21–42 (2019)

Nambisan, P., Watt, J.H.: Managing customer experiences in online product communities. J. Bus.
Res. 64(8), 889–895 (2011)

Rogers, E.M.: Diffusion of Innovations. The Free Press, New York (1995)
Shen, X., Li, Y., Sun, Y., et al.: Person-environment fit, commitment, and customer contribution

in online brand community: a nonlinear model. J. Bus. Res. 85, 117–126 (2018)
Shoham, A., Ruvio, A., Davidow, M.: (Un)ethical consumer behavior: Robin Hoods or plain

hoods? J. Consum. Mark. 25(4–5), 200–210 (2008)
Swani, K., Weinberger, M., Gulas, C.: The impact of violent humor on advertising success: a

gender perspective. J. Advert. 42(4), 308–319 (2013)
Welbourne, D.J., Grant, W.J.: Science communication on YouTube: factors that affect channel and

video popularity. Public Underst. Sci. 25(6), 706–718 (2015)
Wu, J., Huang, L., Zhao, J.L.: The deeper, the better? Effect of online brand community activity

on customer purchase frequency. Inf. Manag. 52(7), 813–823 (2015)



Do We Need to Push Harder When Social
Commerce Crosses Borders: A Cross-cultural

Empirical Research

Shangui Hu, Fengle Ji(B), and Jiankai Wang(B)

Anhui University of Technology, Ma’anshan, People’s Republic of China
stanley@ahut.edu.cn, JFL13608928535@163.com, onairwang@163.com

Abstract. When social media facilitates social commerce to cross borders, inter-
national customers encounter unexpected challenges due to cultural novelties.
How environmental factors influence customers’ trust and their engagement in
cross-cultural social commerce operations remains under-investigated because
social media usage does not necessarily generate customers’ engagement in social
commerce. Based on the S-O-R paradigm, a large scale of 2058 samples from 135
countries were surveyed to examine the proposed research model. The regres-
sion analysis results explicate the mechanism whereby two dimensions of social
media usage, informational and socializing, exert impacts on customers’ trust
toward social commerce and final engagement. Further, cultural distance has been
identified as a deterring environmental factor negatively influencing customers’
engagement in cross-cultural social commerce environment. Both theoretical and
practical implications are also discussed.

Keywords: Social commerce · Trust · Engagement · Cross-cultural environment

1 Introduction

The advancement of information technology transforms traditional electronic commerce
into an evolved form which enables users to leverage on interaction function of various
social media platforms to share posted information and make communications before
their purchase behaviors (Wang and Zhang 2012; Liu et al. 2020). The new form of
electronic commerce, conceptualized as social commerce, effectively converges social
media platforms and Web 2.0 technologies (Hajli and Sims 2015). As a result, the new
business paradigm from a seller-oriented to customer-orientedmodel has led to a tremen-
dous growth of trade volume (Tuncer 2021). The vast benefits brought by the successful
transformation have encouraged business executives to take every possible measure to
attract potential customers and seek customers’ engagement in social commerce (Osat-
uyi et al. 2020). As such, numerous studies have been conducted about the determinants
of customers’ engagement in social commerce, such as social media usage (Wang and
Herrando 2019; Mikalef et al. 2017; Osatuyi et al. 2020). However, inconsistent findings
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have been reached pertaining to how social media usage facilitates the operation pro-
cess of social commerce and thereby enhancing customers’ engagement (Zhang et al.
2017; Tuncer 2021). Given that the importance of social media platforms and inclusive
research findings about the roles of social media usage in social commerce operations,
there is an urgent need to further examine whether and how social media usage enhances
users’ positive psychological changes and further engagement behaviors.

Stimuli
Response

Organism 

H1a

H1b

H2

H3a

Social media us-

age for socializ-

ing 

Social media us-

age for Infor-

mation  

Cultural distance 
Trust 

Engagement 
H3b

Fig. 1. Proposed research model

2 Conceptual Framework and Hypothesis Development

2.1 Social Media Usage and Trust Toward Social Commerce Websites

In social commerce, socializing motivation of social media usage demonstrates to be
an effective conduit to obtain more knowledge about products’ information provided
on social commerce websites and the content embedded (Zhang and Benyoucef 2016).
Accordingly, increased social connections through social media usage facilitate cus-
tomers or potential customers to establish andmaintain robust interpersonal relationships
with other customers. Interactions through social media enable customers to seek accu-
rate suggestions and comments about contents’ credibility on social commerce websites
(Hajli et al. 2017). Further, socializing through social media usage reduces users’ con-
cerns about the information quality of social commerce websites, which mainly refers to
service, accuracy, usefulness, relevance and sufficiency of the information and knowl-
edge about social commerce website itself and the contents embedded (Wu et al. 2015;
Shawky et al. 2020). Thus we hypothesize that:

H1a: Social media usage for socializing purpose increases customers’ trust toward
social commerce websites.

Research has also identified that informational support helps customers make rea-
sonable evaluation on social commerce websites and products information embedded in
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the websites (Wang et al. 2020; Yan et al. 2016). In complex international business envi-
ronment, in order to relieve potential risks and uncertainties generated by information
symmetry such as transaction risks, privacy disclosure and information fraud, customers
prefer to rely on social media to seek and confirm accurate information to relieve their
worries (Hu et al. 2021; Soroya et al. 2021). To attain informational support, customers
will use social media to search for accurate information to ensure the authenticity of
information released by social commerce websites.

Based on the above statement, we hypothesize that:
H1b:Socialmedia usage for informational purpose increases customers’ trust toward

social commerce websites.

2.2 Trust Toward Social Commerce Websites and customer’s Engagement

When potential customers have established trust attitude toward social commerce web-
sites, they demonstratemorewillingness to interactwith thosewho share similar interests
and preferences in the community to satisfy their gratification need of social interaction
(Shen et al. 2019; Chang and Chen 2008). In this regard, social commerce websites pro-
vide such an important platform with resources and information pertaining to reviews,
livechat, suggestions and recommendations (Busalim et al. 2021). Based on sufficient
informational support and emotional support fromcommunitymembers realized through
social interaction, potential customers and customerswill demonstratemore engagement
in social commerce (Cheung et al. 2015; De Vries and Carlson 2014; Wang et al. 2020).
Based on the above statement, we logically hypothesize that:

H2: Customers’ trust increases their engagement in social commerce.

2.3 Moderating Role of Cultural Distance

Notwithstanding potential customers can be facilitated with sufficient information
through social media, the existence of cultural distance objectively prevents customers
from capturing, comprehending or even misunderstanding the attained information suf-
ficiently. And this attenuates the information quality acquired from social media usage.
Previous research indicates that information quality demonstrates significant effects on
customers’ trust toward social commerce (Chen et al. 2015). Based on above statement,
we logically hypothesize that:

H3a: Cultural distance attenuates the effects of informational social media usage on
customers’ trust toward social commerce.

Cultural distance indicates to exert deterring effects on establishment of social con-
nections and effectiveness of communications between people from different cultural
backgrounds (Galchenko and van de Vijver 2007; Hu et al. 2020). Likewise, cultural
distance brings more obstacles to potential customers to comprehend website design
philosophy and products’ culture embedded when they communicate with other mem-
bers through social media usage. Thus trust building or transfer is unlikely to take place
when potential customers base their intention to socialize through social media usage
within such an entity (Qin and De-Juan-Vigaray 2021). Based on the above statement,
we logically hypothesize:
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H3b: Cultural distance attenuates the effects of socializing social media usage on
customers’ trust toward social commerce.

3 Research Methodology

In order to examine the proposed hypothesis, the study has conducted a survey with
assistance from more than 40 public universities in China. The questionnaires were
delivered to international students with designated links through one of the largest survey
platform named Wenjuanxing (www.wjx.cn). And the final total of 2058 questionnaires
was collected back from students of 135 countries.

Tomeasure the construct of social media usage, a six-item scale was used, which was
adapted fromHughes et al. (2012). And we adopted a five-item scale from Busalim et al.
(2021) to measure customer engagement. Further, drawing on Shin’s (2013) measure of
trust on social commerce websites, a three-item scale was used to capture customers’
perceived trust. Another six-item scale was adopted from Chen et al. (2010) to measure
the construct of cultural distance.

4 Analysis and Results

4.1 Reliability and Validity

Table 1. Measurement of constructs

Constructs Dimensions Items Loadings CR AVE Cronbach alphas

SMU Socializing 3 0.853–0.885 0.766 0.908 0.843

Information 3 0.791–0.873 0.869 0.689 0.763

TSC 5 0.86–0.915 0.946 0.777 0.927

ESC 5 0.874–0.92 0.956 0.814 0.943

CD 6 0.747–0.886 0.928 0.680 0.906

Notes: SMU, social media usage; TSC, trust toward social commerce websites; ESC, engagement
in social commerce; CD, cultural distance

4.2 Hypothesis Testing

The results of the data analysis showed that all hypotheses were validated. Moreover,
results indicated that cultural distance negatively moderates the relationships between
two dimensions of social media usage and trust toward social commerce websites (Fig. 3
and 4).

http://www.wjx.cn
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SMUI 
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TSC ESC 
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0.189*

0.133*
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Stay length in China (0.139*), 
others (ns) 

CD 
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0.036*

Fig. 2. Results of the hypothesized model

Table 2. Results of the mediating effect

Mediating effect Estimate SE P BC 99% CI

Lower Upper

SMUI-TSC-ESC 0.087 0.013 0.000 0.051 0.121

SMUS-TSC-ESC 0.145 0.015 0.000 0.110 0.186

0

0.5

1

1.5

low SMUI high SMUI

low CD

high CD

Fig. 3. Moderating effect of CD on the relationship
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Fig. 4. Moderating effect of CD on the relationship between SMUI and TSC between SMUS and
TSC

5 Discussion

The current study partially unveils themechanismwhereby socialmedia usage, driven by
different value perspectives, generates the formation of customers’ trust toward social
commerce, thereby influencing their engagement in social commerce. In general, the
current study makes several important contributions both theoretically and practically.

The study first extends the S-O-R to the cross-cultural social commerce environ-
ment. What’s more, the current study considers both positive environmental stimuli
(social media usage) and negative one (cultural distance) as a necessary supplement to
extant literature mainly focusing on singular cultural business background and positive
environmental stimuli. Moreover, this study explicates that customers’ usage of social
media is driven by different value perspectives and motivates customers’ trust toward
social commerce, thereby facilitating their engagement in social commerce. As such,
customers’ trust is re-examined in the current study and demonstrates to be an effective
conduit to transfer the positive effects of informational and socializing social media
usage on the formation of customers’ engagement in cross-cultural social commerce.
In addition, this study makes a difference by identifying that cultural distance mitigates
the positive effects of social media usage on customers’ trust and their engagement in
social commerce. This finding contributes to researching social commerce conducted
internationally with rapidly increasing number of global customers.

In spite of theoretical spotlights, the study also makes contributions to social com-
merce practices. In light of the significance of social media to enable successful oper-
ations of social commerce by generating potential customers’ internal trust and then
enhancing their engagement in social commerce, more real efforts should be made on
building up socialmedia platforms bypractitioners. Besides, the study has also confirmed
that trust is an effective conduit to build up customers’ engagement in cross-cultural busi-
ness environment. Considering that trust is a critical element in social commerce and it
has direct positive associations with customers’ engagement, anchors should work out
more effective measures to achieve and maintain customers’ trust. Last but not the least,
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when social commerce continues to be international, customers from different countries
with unique cultural backgrounds should be targeted differently.

6 Limitations

Despite of contributions mentioned, the current study also has limitations which should
be addressed by future efforts. First, customer’s engagement has been regarded as multi-
dimensional including cognitive, affective, and behavioral dimensions (Hollebeek et al.
2014). In the current study, we only examined customers’ engagement as a whole con-
struct. Second, every country essentially differentiates itself from others in many cul-
tural aspects. The current study focuses on the cross-cultural social commerce in China.
International customers’ social media usage, trust toward social commerce websites
and engagement are pertaining to the Chinese business environment. Third, in light of
complexity of cross-cultural social commerce, more environmental elements that may
influence customers’ trust and their engagement behaviors should be explored. Fourth,
the self-reported data might be another limitation.
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Abstract. Previous studies argued that seller competition has both stimulating
and crowding-out effects on products on the platform. These two seemingly con-
tradictory views were rarely examined from time series analysis. Considering the
characteristics of network effects over time, the dynamic effect of seller com-
petition and product abundance is decomposed based on the time effect from
the short-term and long-term perspective. By collecting detailed information on
travel products from Ctrip.com, the panel vector autoregression model is specified
to empirically test the hypotheses. The results show that seller competition has a
positive effect on product abundance in the short time (one-period lagged). Seller
competition does not affect product abundance in the long time (twenty-period
lagged) as the two countervailing network effects (i.e., positive and negative net-
work effects) cancel each other out. Our study provides empirical evidence for the
dynamic nature of network effects over time. Moreover, our findings offer crucial
managerial implications for platforms and sellers to choose effective competitive
strategies.

Keywords: E-commerce platform · Network effect · Seller competition ·
Product abundance · Short-term and Long-term effects · Panel vector
autoregression

1 Introduction

E-commerce platforms play an important role in promoting economic growth with the
rapid development of Internet technology [1]. In 2019, the transaction volume of e-
commerce platforms was 34.81 trillion Yuan in China, an increase of 6.7% from 20181.
A large number of business practices show that the high transaction volume is attributed
to the abundance of products on the e-commerce platform. Abundant products serve the
diverse needs of consumers, which in turn attracts more sellers [2]. Product abundance
refers to the scale of tradable products on platforms [3].

1 From 2020 Yearly China E-commerce Report.
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Product abundance depends on the supply of sellers, who face intense competition
while entering markets to provide products [4]. However, previous research is equivocal
about the effect of seller competition on product abundance on platforms. On the one
hand, some studies have confirmed the positive effect of seller competition on product
abundance, and they regard seller competition as a signal of consumer demand [1, 4].
On the other hand, some scholars argue that seller competition has a negative effect on
product abundance. They suggest that seller competition crowds out products on the
market because it is regarded as a signal of competitive pressure [5, 6].

Although the above two views have enhanced our understanding of the effect of
seller competition on product abundance, many studies are limited to one perspective.
However, sellers pay different attention to the two signals shown by seller competition
at different stages of enterprise development [7]. Combined with the diversified strategic
targets of sellers in different development stages and the asymmetry of network effect
on the platform in time and magnitude, it is crucial to examine the time effect of seller
competition on product abundance [7, 8]. Our research question is as follows, what is
the relationship between product competition and product abundance on an e-commerce
platform from short-term and long-term perspectives?

2 Theoretical Backgrounds and Research Hypotheses

2.1 Network Effects

Network effects refer to the value of a participant depending on the number of other
participants that he or she can interact with on the platform [2]. Network effects can be
categorized as either cross-side network effects (CNEs) or same-side network effects
(SNEs) [9]. CNEs refer to the utility of participants on one side of a platform depending
on the size of participants on the other side [8]. SNEs are defined as how characteristics
of participants on one side of a platform affect participants on the same side [9]. Overall,
network effects can be both positive as well as negative [10]. Positive network effects
mean that the platformbecomesmore valuable asmore users join,while negative network
effects are the opposite.

The presence of network effects has been studied in the previous literature [11].More
recently, a nascent stream of literature has started to focus on the dynamic of network
effect in time and the asymmetry in magnitude [2, 8]. For instance, Chu and Manchanda
[8] quantified CNEs and SNEs. They find that the CNEs are asymmetric in magnitude
and investigate the nature of CNEs over time. Similarly, Song et al. [2] empirically
examined how the CNEs are temporally asymmetric on software platforms. They find
that an increase in the installed base of the user-side results in long-term growth on the
application side, but the reverse effect is primarily short-term.

Although previous studies have examined how the existence of network effectsmight
impact the seller competition effect in the market [4, 11], most of these studies adopted
a static perspective, ignoring the dynamics of network effects over time.

2.2 Seller Competition

There are two streams of research on the understanding of seller competition. One stream
of research confirms that seller competition expands the abundance of products because
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they regard seller competition as a signal of market demand [4, 12]. Since sellers are
uncertain about the number of consumers on the platform, they could infer that there
are many consumers in the market from the behavior of sellers competing fiercely in the
market [4]. Therefore, a market with intense competition among sellers attracts more
sellers to offer products [1]. The second stream of research argues that seller competition
crowds out products on the market, and seller competition is suggested as a signal of
competitive pressure [5, 6]. Fierce competition reduces the profitability of the product
because sellers tend to adopt low-price strategies when facing competition, resulting in
sellers choosing to withdraw from the current market [6].

Sellers focus on different strategic targets as the market develops, resulting in differ-
ent attention to signals shown by competition and the time effect of seller competition.
In the short term, sellers will be attracted to the market with a large number of con-
sumers because sellers focus on the profitability of products. However, over time, sellers
will consider how to survive under competitive pressure and the company’s sustain-
able strategy. Therefore, the short-term and long-term perspective on the effect of seller
competition on product abundance is presented.

Short-Term Effect of Seller Competition on Supply Abundance. The concepts of
short-term and long-term effects are defined in the marketing literature [2]. Extending
these two concepts to e-commerce platforms, we define the short-term effect as an im-
mediate response of product abundance to seller competition. Similarly, the long-term
effect refers to the persistent response of product abundance to seller competition. The
short-term and long-term effects are not mutually exclusive.

In the short term, the sellers focus on the profitability of the product, which depends
on the consumer demand for the product [6]. Considering the positive cross-side net-
work effect between sellers and consumers, we expect product abundance to expand
as seller competition intensifies. Because the intense seller competition implies a high
demand for the product [11, 13]. Seller competition can attract more consumers to
purchase by increasing product diversity and lowering product prices. Likewise, more
consumers imply that the market is valuable, thus indirectly enhancing sellers’ deter-
mination to participate in the market [9]. In addition, compared with the “comfortable”
market environment, competition pressure can enhance sellers’ entrepreneurship and
improve sellers’ innovation awareness [14]. Thus, we propose our first hypothesis.

H1: In the short term, seller competition has a positive effect on product abundance
on an e-commerce platform.

Long-TermEffects of Product Competition on Supply Abundance. In contrast, over
time, sellers on e-commerce platforms focus on how to survive in a fiercely competitive
market instead of profit-driven. Sellers pay more attention to the seller’s same-side
network effect to avoid being pushed out of the market by competitors.

Negative same-side network effects appear when sellers compete with each other to
interact with consumers [11]. For instance, the expected profits of sellers decrease with
the entry of competitors, and sellers compete for the attention of consumers. The number
of consumers stimulates sellers to enter while ignoring the competitors that have already
existed in the platform, resulting in the phenomenon of “supply exceeds demand” and
the risk of vicious competition. As a result, some sellers may withdraw from the highly
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competitive market [5]. Therefore, when facing intense competitive pressure in the long
term, sellers may adjust their strategies and choose to withdraw from the current market
to lessen the competitive pressure [12], thus reducing the product abundance in the
market. Hence, we propose the following hypothesis.

H2: In the long term, seller competition has a negative effect on product abundance
on an e-commerce platform.

3 Research Design

3.1 Data Collection

We tested our hypotheses by using a half-monthly longitudinal dataset on Ctrip.com, the
largest tourism e-commerce platform in China, from July 1, 2017 to October 1, 2019 (55
periods). We collect the data from the tourism e-commerce platform mainly because the
characteristics of tourism products having a departure city and destination are helpful
to clarify the competitive boundary of the market. We select six main departure cities
(i.e. Shanghai, Beijing, Guangzhou, Shenzhen, Chengdu, andWuhan), and eight popular
international destinations (e.g. United States, Europe, Japan, etc.). Therefore, 48 (6 *
8) market segments are chosen by the combination of departure city and destination.
We collect the travel product data from the above 48 market segments on Ctrip.com.
We regularly collected data on the 1st and 15th of each month and crawled data for 55
periods. The line chart of the total number of travel products in each period is shown in
Fig. 1.

Fig. 1. Line chart of the total number of travel products in each period

3.2 Measurement of Variables

The seller competition in the market is measured by the Hirschman-Herfindahl index
(HHI) [15]. HHI refers to the sum of the square of the percentage of each company’s
market share in a market. This measurement is more comprehensive by considering the
number of companies and the degree of the company’s participation.

HHI =
N∑

i=1

(Xi/X )2 =
N∑

i=1

S2i (1)
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where X is the total sales in the market, Xi is the sales of seller i, Si denotes the market
share of seller i, N is the total number of sellers in the market. In particular, there is a
negative correlation between HHI and the intensity of seller competition in the market.
To interpret the results more intuitive, Competition = 1-HHI.

Product abundance is measured by the number of tradable travel products in each
market segment.Most previouswork on product abundancemainly focuses on the impor-
tance of product boundary and diversity on the platform [3]. In this paper, product
abundance is defined as the scale of tradable products provided by sellers.

We also added two control variables to the model. The first one is word-of-mouth
(WOM), which is quantified by the average rating values of tourism products in the
market segment [16]. In addition, We control for seasonal effects by using a set of three
seasonal dummy variables (SEA = [Summer, Autumn, Winter]) in the model.

3.3 Descriptive Statistics

The descriptive statistics and correlation matrix for all variables are shown in Table 1.
The results show that there is a quite difference between the values of the dependent and
independent variables. To reduce the impact of the difference in the data distribution on
regressive results, we take the natural log of all variables except the dummy variables
when establishing the model.

Table 1. Descriptive statistics and correlation analysis

Variable Mean
(S.D)

Max/
Min

1 2 3 4 5 6

1. Abundance 1078.30
(523.86)

2467.00/
103.00

1

2. Competition 0. 65
(0.24)

0.99/
0.08

0.37* 1

3. WOM 1.17
(0.33)

2.47/
0.29

– 0.22* 0.12* 1

4. Summer 0.28
(0.45)

1.00/
0.00

– 0.03 -0.03 – 0.01 1

5. Autumn 0.28
(0.45)

1.00/
0.00

– 0.03 0.03 – 0.15* – 0.38* 1

6. Winter 0.22
(0.42)

1.00/
0.00

0.08* – 0.02 – 0.01 – 0.33* – 0.33* 1

Notes: * p < 0.05
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4 Hypothesis Testing and Results

4.1 Model Specification and Estimation

The panel vector autoregression (PVAR)model is established in our empirical analysis to
test our hypotheses. PVARmodel allows us to capture the interdependence and dynamic
interaction between variables [2, 17], which helps to quantify the short-term and long-
term effects in the hypothesis.

The procedure of the PVAR method includes four steps [2, 17]. First, the Granger
causality test is conducted to determine the appropriateness of using PVAR, and the test
results show that there is bidirectional causality between product abundance and seller
competition (Table 2). Second, the stationarity of time series data is tested based on the
panel unit-root test, and we find that all variables are stationary (Table 3). Third, we
determine the optimal lag length of the model using information criteria and choose a
two-period lag (AIC = 12.4172). Finally, we derive orthogonalizing impulse response
functions (IRFs) and calculate elasticities between the keyvariables to test hypotheses[1].
IRFs describe the response of one variable to an exogenous shock to another variable
while keeping all other shocks at zero. In addition, To address the heteroscedasticity
issue suggested by the White test (χ2 = 318.52; p = 0.000), we use a robust standard
error in estimating the PVAR model[15]. Moreover, the PVRA system satisfies stability
conditions.

Table 2. Granger causality test results

Equation/Excluded chi2 p-value

Abundance/ Competition 71.387 0.000

Competition/ Abundance 35.811 0.000

Table 3. Panel unit root test results

Variable LLC test IPS test Fisher-PP test Conclusion

Abundance – 7.449(0.000) – 5.837(0.000) 4.283(0.000) Stationary

Competition – 20.216(0.000) – 27.673(0.000) 97.677(0.000) Stationary

WOM – 9.301(0.000) – 11.588(0.000) 14.489(0.000) Stationary

A two-variable PVAR model is specified to capture the dynamic effect of competi-
tion on abundance, and all control variables are considered as exogenous in the model.
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Therefore, the PVAR specification is given:

[
Abundancet
Competitiont

]
=

[
CAbundance

CCompetition

]
+ ∑J

j=1

[
∅j11∅j12
∅j21∅j22

] [
Abundancet−j

Competitiont−j

]

+ ∑J
j=1

[
τ
j
11τ

j
12τ

j
13τ

j
14

τ
j
21τ

j
22τ

j
23τ

j
24

]
⎡

⎢⎢⎣

WOMt−j

Summert−j

Autumnt−j

Wintert−j

⎤

⎥⎥⎦ +
[

εAbundance,t

εCompetition,t

]
(2)

where t refers to periods, J represents the lag order of the model, where J equals
the two-period lag, C is an intercept, ε is a white-noise disturbance and it is a normal
distribution with N(0, �), and (C,∅,τ) are the parameters to be estimated.

4.2 Hypothesis Testing

To test the short-term and long-term effects of seller competition in hypotheses,we derive
impulse response functions (IRFs). The short-term effects are assessed by examining
whether the one-period lagged changes of the response of product abundance to a shock
in seller competition are significant [2]. We tracked the 20-period2 lagged changes to
assess the long-term effects because the value of the impulse response function usually
stabilizes after such a long time [2, 15]. Based on the results of IRFs, we can calculate
the elasticity of seller competition to product abundance. Elasticity analysis refers to
the percentage change of one variable caused by a 1% change in another variable. The
elasticities are presented in Table 4.

Table 4. The elasticity of seller competition to product abundance

Short-term Long-term

One-period
lagged

Two-period
lagged

Four-period
lagged

Ten-period
lagged

Nineteen-periods
lagged

Twenty-
periods
lagged

Competition → Abundance 0.081***
(0.005)

0.222***
(0.009)

0.297***
(0.014)

– 0.006
(0.014)

0.002
(0.007)

0.003
(0.007)

Notes: * p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors are included in parentheses

As shown in Table 4, seller competition has a positive and significant short-term
effect on product abundance (elasticity is 0.081, p< 0.001). Therefore, H1 is supported.
What is more, we found that the elasticity of product abundance to seller competition is
not consistent over time. The elasticity is positive and increases in magnitude over time
in the first four periods, then decreases in magnitude over time between the fifth and
tenth periods. Finally, the elasticity is not significant after ten periods.

2 The empirical results also show that the IRF value tends to be stable in the 20th period.
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The long-term effects of seller competition on product abundance are not signifi-
cant (elasticity is 0.003, p = 0.718, see the last column of Table 4). Thus, H2 is not
supported, which suggests that in the long term, seller competition has no effect on
product abundance rather than negative effects. A potential explanation is that there are
both positive cross-side network effects and negative same-side network effects among
sellers on e-commerce platforms, and the two countervailing effects cancel each other
[11]. Our results are illustrated in Fig. 2, which shows impulse response functions and
illustrates short-term and long-term effects.

Fig. 2. Impulse response functions results of seller competition to product abundance

4.3 Robustness Check

We verify the robustness of our results in two ways. First, we split the original data
into two samples according to whether the departure city of travel products is a first-tier
city, and re-estimate the PVAR model. Second, we verify our results by expanding the
sample. We collect additional data on outbound travel products from Nanjing to the 15
popular destinations mentioned above. We rerun the PVARmodels using additional data
and our findings remain robust.

5 Discussion and Contribution

5.1 Main Results and Theoretical Contributions

In this paper, both the short-term and long-term effects of seller competition on product
abundance are empirically investigated by using more than 3,300,000 outbound tour
packaged products from Ctrip.com. The results showed that seller competition immedi-
ately triggers a significant expansion of product abundance in the short-term time. Then
the positive effect of seller competition on product abundance increases in magnitude
over time in the first four-period lagged (approximately two months). The long-term
effects of seller competition on product abundance are zero, implying that seller compe-
tition does not consistently stimulate an increase in product abundance. Moreover, we
conduct additional analyses to verify the robustness of our results.
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Our study offers two important theoretical implications to the extant literature. First,
the evidence on the time effect of seller competition enriches the research based on
network effects. Most previous studies adopted a static perspective to investigate how
the existence of network effects impacts the seller competition effect [5, 11], ignoring
the dynamics of network effects over time. The results of the study show that there is a
significant difference between the short-term and long-term effects of seller competition
on product abundance. Our study enriches the empirical evidence about network effects
changing over time. Second, we extend the research of seller competition by considering
the different strategic targets of sellers, which was less noticed in previous studies. In
this paper, we distinguish two strategic targets for sellers, namely profit driven and
sustainable development driven. Different strategic targets of sellers explain why sellers
focus on different signals exhibited by competition.

5.2 Practical Implications

Beyond the theoretical contributions, our results have implications for platforms and
sellers. First, it is crucial for platforms to adopt appropriate strategies to stimulate the
growth of product scale. Our research suggests that e-commerce platforms can expand
the scale of products by strengthening the intensity of seller competition in the short
term. For example, the platform may incentivize more sellers to compete by relaxing
the entry threshold. However, in the long term, platform owners may consider stimulat-
ing sellers to seek new markets through platform governance. Second, for sellers, our
results provide a strategic design for product entry.When sellers are profit-oriented, they
should provide more products to enter the intensely competitive market, which implies
diversified consumer demand. When sellers are driven by the sustainable development
strategy, sellers may consider entering an emerging market with less fierce competition
to capture customers ahead of rival firms.

5.3 Limitations and Future Research

Our research has two limitations. First, this article does not examine whether the rela-
tionship between seller competition and product abundance has changed at different
stages of platform development because we do not have data from Ctrip’s inception.
Second, our research object is a specific tourism e-commerce platform. Future research
may consider generalizing the insights on the effect of seller competition on product
abundance by examining other e-commerce platforms.

Acknowledgments. This research was supported by the National Natural Science Foundation of
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Abstract. Live streaming e-commerce is becoming prevalent and its newbusiness
model attracts much attention from the marketing and information systems fields.
In this paper, we examine the relationships between influencers and the role of
mega-influencers on the live streaming e-commerce platform. Based on a large-
scale dataset and a natural experiment, we explore how influencers’ performance is
affected and how the audiences’ visits and purchases change for other influencers
when mega influencers leave the platform. We find that there exist two significant
effects from mega influencers, including a signaling effect and a drainage effect.
When mega influencers left the live streaming platform, the audiences’ visits for
other influencers significantly decrease, suggesting that there exists a significant
drainage effect on audiences’ visits from mega influencers. There is a significant
number of audiences’ visits coming from mega influencers to other influencers.
Whenmega influencers leave from the platform, the sales for other influencers also
significantly decrease with the controlled audiences’ visits, showing a significant
signaling effect from mega influencers. Our paper illustrates that the treatment
effects of mega influencers continuously affected other influencers. Based on a
causal forest approach, we show that there exist heterogeneously treatment effects
across influencers. The influencers with a large number of followers are affected
more than the influencers with a small number of followers.

Keywords: Live streaming · Mega-influencer · Hierarchical distribution ·
Natural experiment

1 Introduction

In recent years, with the development of the mobile internet and the pandemic back-
ground, people are more likely to watch live streaming shows and buy products from
influencers. InMckinsey’s report, China’s live streaming e-commerce would reach $171
billion in 2020, with a 280% increase from 20171. In another report fromStatista, the live
streaming e-commerce was forecast to generate 11 billion U.S. dollars in online sales
in the United States in 2021 and the e-commerce revenue created from live streaming

1 https://www.mckinsey.com/business-functions/mckinsey-digital/our-insights/its-showtime-
how-live-commerce-is-transforming-the-shopping-experience.
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was expected to increase threefold, reaching 35 billion dollars by 20242. By the year
2020, in China, the number of live influencers has reached 1.23 million and the num-
ber of live streaming viewers has reached 388 million, accounting for 40% of the total
internet users. Nearly two-thirds of live streaming users have purchased after watching
live streaming. Live streaming e-commerce is becoming an important business for both
firms and internet users3.

As a new business model which integrates social, entertainment, and shopping func-
tions, live streaming e-commerce attracts a large number of influencers and audiences.
Audiences can watch live streaming shows and buy products directly from the influ-
encers. A typical phenomenon for live streaming commerce fields is that there exists a
long-tail pattern for influencers, i.e., several mega influencers on a live streaming plat-
formmay have a super large number of followers while the number of followers for most
of the influencers are relatively small. Mega influencers are important for live streaming
platforms since they can attract a huge number of visits and sales. For instance, the mega
influencer Viya in Taobao Live has more than 86 million followers. There could be more
than 82 billion RMB gross merchandise volumes and 1.73 million new followers during
one of her 14-h live streaming shows4. Based on the background of the huge number
of visits and sales for mega influencers, a natural question is that what is the impact of
mega influencers on other influencers? Whether there exists a significant impact from
mega influencers on other influencers? And what’s the role of mega influencers for the
platform? Answering these questions is important to theoretically understand the rela-
tionships between mega influencers and other influencers, which could systematically
illustrate the circumstance environment in the emerging live streaming field. These ques-
tions are also important for the live streaming platform since they can take direct and
personalized strategies to manage their influencers.

The main contributions of this paper are as follows. First, unlike existing research
on live streaming commerce, which largely focuses on viewers’ or influencers’ specific
factors, we illustrate the relationships between influencers. Based on a rich dataset and
a natural experiment, we show that influencers can be significantly affected by mega
influencers. In this paper, we theoretically illustrate that there could be two different
effects frommega influencers, including the drainage effect and signal effect. Second,we
explore how mega influencers’ effects change over time and show that mega influencers
could continuously affect other influencers. The treatment effects are significant in both
the short and long terms. Last but not least, based on the causal forest approach, we
examine the heterogeneous treatment effect across influencers. We show that not all
influencers are treated equally. The influencers with a larger number of followers are
affectedmore than thosewith a smaller number of followers. Thesefindings are important
to theoretically understand the ecosystems of influencers in live steaming e-commerce.
Ourfindings also have importantmanagerial implications for the live streamingplatforms
to manage their influencers with heterogeneous strategies.

2 https://www.statista.com/statistics/1276120/livestream-e-commerce-sales-united-states.
3 https://m.thepaper.cn/baijiahao_15268431.
4 https://cdmana.com/2021/11/20211105033902496n.html.
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2 Related Literature

The emerging live streaming commerce has attracted much attention from different per-
spectives. First, some scholars examined what factors would affect viewers’ engagement
and sales performance from the influencers’ perspective [12, 13, 15, 17, 19]. Li 2018
illustrates that influencers’ characteristics and the self-presentation of unique images
can attract followers and form their identities and personal brands [12]. Lin et al. (2021)
showed that influencers’ emotions have a different impact on their viewers’ engagement
and payments [13]. Luo et al. (2021) explored how product sales in live streaming shows
can be affected by influencers’ persuasiveness of linguistic styles. Based on Hovland’s
persuasion model and text analysis, they show that influencers’ linguistic persuasive
types in live streaming shows could be classified into five types, which lead to different
sales performances [15]. Park and Lin (2020) explored the relationships between influ-
encers and the products in their live streaming shows [17]. They illustrate that the factors
including the congruence between the celebrity and the product, congruence between
the live content and the product, and the congruence between the self and the product
significantly affect consumers’ purchase intention. Wongkitrungrueng et al. 2020 dis-
cussed how to promote sales and customer engagement during live streaming from the
perspective of sellers’ strategy [19]. They provided a framework for understanding rela-
tionship mechanisms in live streaming e-commerce by identifying four sales approaches
(transaction, persuasion, content, and relationship) and twelve strategies.

Second, consumers’ engagement and purchase behaviors are also attracted much
attention from the viewers’ perspective [5, 6, 9, 11, 14]. Lu et al. 2021 how viewers’
tip behavior can be affected by the viewer size in live streaming shows [14]. They illus-
trate a positive relationship between viewer size and average tip per viewer. Based on a
uses and gratifications framework, Cai and Wohn 2019 identifies four motivations and
three scenarios for individuals’ live streaming watching behaviors [6]. Haimson et al.
2017 studied what makes consumers’ live events engaging and show that immersion,
immediacy, interaction, and sociality were important to the engagement of watching
live events [9]. Hu et al. 2017 illustrate that individuals’ personal experience and co-
experience could significantly affect the broadcaster identification and group identifi-
cation, which then have a significant impact on individuals’ continuous live streaming
watching intentions [11]. Cai et al. 2018 explore the relationship between hedonic and
utilitarian motivations and shopping intention [5]. They find that individuals’ hedonic
motivation is positively related to celebrity-based intention and utilitarian motivation is
positively related to product-based intention.

Different from prior studies, this paper first examines the relationships between influ-
encers. We illustrate that the mage influencers’ impacts include both signaling effect and
drainage effect. Our empirical results show that these two effects last for a relatively long
time and could be heterogeneous across different levels of influencers. These findings
are important to theoretically understand the role of mega influencers and bring to light
the influencer ecosystems in the live streaming field.
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3 Data and Descriptive Analysis

The empiricalwork in this study is based on a rich dataset fromone of the topChinese live
streaming e-commerce platforms, Kuaishou. Like other platforms in the live streaming
field, there exist hierarchical and long-tail distributions for influencers. There could be
significant differences in the number of followers between mega influencers and other
influencers.

Our dataset includes the top 670 influencers’ data from the Kuaishou Platform
between Oct 1, 2020, and Jan 31, 2021. The influencers’ ID, gender, and number of
followers are recorded in our dataset. The information about the cumulative number
of visits, sales, the starting time, and the ending time for each live streaming show is
also recorded. In our paper, the live streaming data is aggregated to analyze the overall
pattern. Specifically, we aggregate influencers’ live streaming show data into biweekly
level data. The detailed statistics of this dataset are shown in Table 1.

Table 1. Data descriptive statistics

Mean SD Min Max

Biweekly sales 13.02 2.84 2.30 22.18

Biweekly followers’ visits 10.32 1.67 6.91 15.01

Biweekly number of shows 6.88 5.93 1 48

Biweekly show time 10.55 1.24 4.72 13.43

Average number of followers 13.05 0.65 8.70 17.41

Gender 0.48 0.50 0 1

Notes. The items of biweekly sales, biweekly viewers’ visits, biweekly showtime, the average
number of followers are log-transformed

During our time window, the mega influencer was banned from Kuaishou since Nov
2020, because the abrupt scandal. This exogenous shock provides uswith an ideal natural
experimental setting to explore the relationships between influencers in live streaming
e-commerce. To estimate the treatment more clearly, we collect data from another live
streaming e-commerce platform as the control group. In the control group, we have the
influencers’ platform ID, gender, and the number of followers.We also have information
about the cumulative number of visits, sales, the starting time, and the ending time for
each live streaming show.

4 Econometric Models

4.1 Main Effects Using Difference in Differences

In our econometric models, we adopted the difference in differences model to examine
the treatment effect on other influencers with two-way fixed effects, which is wildly used
in natural experimental settings [2, 7, 8, 10, 16, 18]. Our DID with two-way fixed effects
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effectively addressed the empirical challenge wherein the treated and control groups
had some pretreatment systematic differences because it compared the challenges in
the outcomes between these two groups after explicitly accounting for the pretreatment
systematic difference. In this paper, we examine two variables of influencers’ behavior
in live streaming commerce: (1) visits from followers (Model 1) and (2) sales (Model
2) from influencers in a fortnight. Specifically, the model for estimating the main effect
on visits and sales is specified as follows:

yit = α0 + α1 ∗ Treatmenti × Postt + Xit + ci + dt + εit, (1)

where yit is the total sales or the total viewers’visits for influencer i in fortnight t.
Treatmenti equals 1 for the treated group (influencers in the Kuaishou platform) and 0
for the control group. Aftert is a time indicator that equals 1 for the period after treatment
and 0 otherwise. εit is the standard error clustered at the influencer level to account for
within-group serial correlation, and Xit include the control variables.

Our identification strategy must satisfy the common (parallel) trend assumption in
the DID approach [2]. A different pre-treatment trend would lead to the invalidation of
theDID estimation because it would introduce bias. Following Card andKrueger (2000),
we check the common trend assumption first by plotting the data from multiple periods
[7]. Our results provide clear visual evidence of a common underlying trend between
the treatment group and the control group.

4.2 Short-Term Versus Long-Term Effect

Having a deep understanding of the duration of the treatment could have important
impacts on live streaming firms’ decisions and management for influencers. To explore
the impact of treatment during different periods, we first divide the time after treatment
into two periods: short-term period after treatment and long-term period after treatment.
Specifically, we classify the time within the first two fortnights after treatment as the
short-term period while the time more than two fortnights after the treatment is the
long-term period. To explore the dynamic patterns in different periods, we estimate
the treatment effect on visits and sales in short-term and long-term periods specifically
following Model 3 (Visits) and Model 4 (Sales).

yit = α0 + α1 ∗ Treatmenti × Shortt + α2 ∗ Treatmenti × Longt + Xit + ci + dt + εit
(2)

where yit is the audiences’ total purchases or the total visits for influencer i in fortnight t.
Dummy variable Treatmenti equals 1 for the treated group (influencers in the Kuaishou
platform) and 0 for the control group. Dummy variable Shortt is a time indicator that
equals 1 for the time within the first two fortnights after treatment and 0 otherwise.
Dummy variable Longt is a time indicator that equals 1 for the time after the first two
fortnights and 0 otherwise. εit is the standard error clustered at the influencer level to
account for within-group serial correlation, and Xit is a vector of control variables for
influencer i in fortnight t. In Model 3 and Model 4, the interaction terms α1 and α2
capture the impacts of treatment on audiences’ visits and purchases respectively in the
short-term and long-term respectively.
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4.3 Heterogeneity in Treatment Effect Across Influencers Hierarchy

The difference-in-difference regression model in our previous section does not capture
potential treatment effect heterogeneity across difference influencers. The treatment
effect of the mega influencer’ leaving may have significant impacts on some influencers
but insignificant impacts on others. In this section, we employ a causal forest approach
to analyze the heterogeneous treatment effects. The detailed causal forest approach used
in our paper is shown as follows.

To describe the causal forest approach, we denote by Xi the characteristics of influ-
encer i, and byWi a treatment dummy that equals 1 if she is in the treatment group and
0 otherwise. Following the potential outcomes framework [1], we denote by Y(1)

i and

Y(0)
i the potential outcomes that influencer i would have experience with and without

the treatment respectively. We define the effect of the mega influencer for influencer
i as βi = Y(1)

i − Y(0)
i . We have βi �= βj, ∃i �= j, if the effect is heterogeneous and

βi = βj,∀i �= j, if the effect is homogeneous. The fundamental problem of causal infer-
ence is that we do not observe both potential outcomes and for a given influencer. Instead,
we observe only the realized outcome Yi = WiY

(1)
i + (1−Wi)Y

(0)
i , so we cannot com-

pute the individual-level treatment effect βi. From the previous study [3], to address
this fundamental problem, a common approach is to temporarily ignore individual-level
treatment effects and focus on conditional average treatment effects. For a given value
of influencer characteristics x, the objective could be translated to estimate the treatment

effect β(x) = E
[
Y(1)
i − Y(0)

i |Xi = x
]
.

5 Empirical Results

5.1 Results for Main Effects

We first explore the impact of treatment on other audiences’ visits. The results are shown
in the left column of Table 2. We find that the coefficient of −0.2486 is negative and
significant, showing that viewers’ visits for other influencers’ significantly decrease.
This result suggests that there exists a significant drainage effect of mega influencers
in viewers’ visits, i.e., there are a significant number of visits for other influencers are
coming from mega influencers. When mega influencers leave the platform, a significant
number of viewers lose their interest in the platform and decide not to watch other
influencers’ live streaming shows. As a result, we find that viewers’ visits for other
influencers significantly decrease after the treatment. Meanwhile, we also find that live
streaming show timeand frequencyplay important role in influencers’ visits. Specifically,
our estimated results show that there would be more followers’ visits from longer show
time as well as more show frequency.

We also explore how other influencers’ sales change after the treatment. In Table 2,
when we controlled for both influencers’ fixed effects and time-fixed effects, we find that
the estimates of other influencers’ sales are also negative and significant. It means that,
with controlled viewers’ visits, other influencers’ sales still significantly decreased. This
result suggests a signaling effect of mega influencers in live streaming commerce. The
banning of mega influencers shows a bad signal from the platform and viewers begin to
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Table 2. Average treatment effect

Variables Model 1 Model 2

(DV = Visits) (DV = Sales)

Post × Treatment −0.2486 (0.0289)*** −0.3527 (0.0423)***

Time length −0.6370 (0.0365)*** −0.9393 (0.0529)***

Show frequency −0.4153 (0.0466)*** −0.6347 (0.0553)***

Cumulative visits – −0.7292 (0.0264)***

Individual fixed effect Yes Yes

Time fixed effect Yes Yes

Number of observations 9,479 9,475

Adjusted R-squared 0.4807 0.4696

Notes.Robust standard errors are in parentheses. Outcome is log-transformed. Significance levels:
*p < 0.1, **p < 0.05, ***p < 0.01. Coefficients for the intercepts are omitted due to brevity

decrease their trust in the platform. As a result, when viewers are still watching the live
streaming shows, they show smaller interest on purchase. Therefore, we find that other
influencers’ sales significantly decrease when viewers’ visits are controlled. In the right
column of Table 2, we also find that live streaming show time, frequency, and followers’
visits play important role in influencers’ sales.

5.2 Results for Effects Between Short-Term and Long-Term

FollowingModel 3 andModel 4, we explore whether there exists a continuous impact of
treatment on visits and sales. As we discussed before, we divide the time after treatment
into two periods: short-term and long-term periods, and then estimate the treatment
effects in both short-term and long-term periods. The results for estimated results of the
treatment effect on influencers’ visits and sales are shown in Table 3.

Table 3. Short-term versus long-term treatment effect

Parameters Model 3 Model 4

(DV = Visits) (DV = Sales)

Short × Treatment −0.0873 (0.0288)*** −0.0843 (0.0449)***

Long × Treatment −0.3857 (0.0352)*** −0.5916 (0.0518)***

Time length 0.6498 (0.0369)*** 0.9760 (0.0533)***

Show frequency 0.4018 (0.0469)*** −0.6478 (0.0552)***

Audiences’ visits – 0.6956 (0.0266)***

(continued)
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Table 3. (continued)

Parameters Model 3 Model 4

Individual fixed effect Yes Yes

Time fixed effect Yes Yes

Number of observations 9,479 9,479

Adjusted R-Squared 0.4878 0.4785

Notes. Robust standard errors are clustered by influencers in parentheses. The outcome is
log-transformed. Significance levels: *p < 0.1, **p < 0.05, ***p < 0.01

In Table 3, the coefficients of Short×Treatment and Long×Treatment are−0.0873
and−0.3857 respectively. They are both negative and significant, showing that there exist
continuously significant impacts on viewers’ visits. Furthermore, we find that the impact
on visits is larger in the long-term than short-term and there are smaller visits in the long
run. We also find a similar pattern in Model 4. The coefficients of Short×Treatment and
Long × Treatment are −0.0843 and −0.5916 respectively, showing that the treatment
continuously affects influencers’ sales. Meanwhile, the treatment impact on sales is also
larger in the long-term than short-term and there are small sales in the long term.

5.3 Results for Effects Cross Influencer Hierarchy

Wefirst illustrate the heterogeneous treatment of viewers’ visits to influencers in Fig. 1. In
Fig. 1, the horizontal axis indicates the estimated treatment effects across all influencers
and the vertical axis indicates the number of influencers. The histogram in white shows
the distribution of the effects across all influencers. From the spread of this histogram,
we see a wide variation of the treatment effect with the smallest and largest values equal
to −0.4590 and −0.0879, respectively. The average effect across all influencers is −
0.2484, which is consistent with findings in our DID model.

Fig. 1. Heterogeneous treatment effects on audiences’ visits

As noted in the previous study [4], this approach can provide insights about the
strength of heterogeneity, because the subgroups thus defined rely on using out-of-bag
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predictions and do not directly depend on the outcomes or treatment themselves. Similar
to previous studies [3, 19], we further categorize influencers into different subgroups.
Specifically, we divide all influencers into one of five categories based on the number
of followers with equal size. Meanwhile, we also divide all influencers into one of
two categories based on their genders. As the result, all influencers are categorized
into one of the ten subgroups. We calculate the average treatment effect on visits for
the ten subgroups respectively. Figure 2 illustrates the specific heterogeneous subgroup
treatments analysis.

Fig. 2. The heterogeneous treatment effect on visits with different dimensions

In Fig. 2, the left and right columns represent the effects on female and male gender
influencers respectively. The bottom row represents the treatment effect on influencers
with the smallest number of followers in our dataset. The higher rows denote there is
a larger number of followers for the influencers. In Fig. 2, we find that the treatments
on visits are significant mainly for influencers with a large number of followers while
the impacts on influencers with a small number of followers are limited. A possible
explanation is that the viewers for influencers with a small number of followers are
relativelymore loyal than the viewers for the influencerswith a large number of followers.
As a result, with the left of the mega influencer, there is a significant number of viewers
who are also leaving the platform. Among those leaving viewers, the percentages of
viewers for influencers with a small number of followers are relatively small, which
could explain the significant decrease in viewers’ visits mainly for the influencer with
a large number of followers. Meanwhile, we do not find the significant heterogeneous
impacts of viewers’ visits across male and female influencers, suggesting that gender
does not play a significant moderating role in the treatment effect.

Similar to the previous analysis, we illustrate the heterogeneous treatment of sales
with a causal forest approach as follows. Specifically, Fig. 3 shows the significant
heterogeneous treatment effects across influencers.

In Fig. 3, the horizontal axis indicates the estimated treatment effects of sales across
all influencers and the vertical axis indicates the number of influencers. The histogram
in white shows the distribution of the effects across all influencers. From the spread of
this histogram, we see a wide variation of the treatment effect with the smallest and
largest values equal to −0.9805 and 0.5175, respectively. The average effect across all
influencers is −0.5445, which is consistent with our findings in our DID model. One
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Fig. 3. The heterogeneous treatment effect on sales across influencers

interesting finding is that there exist some influencers who have significant increases
in sales after the treatment. This result also illustrates the significant heterogeneous
treatment effect on sales across influencers. The histogram in blue shows the distribution
of the effects that are significantly different from zero at the 10% significance level.
From Fig. 3, we see that most effects are significantly negative from zero at the 10%
significance level.

Similar to the previous discussion, we further categorize influencers into ten sub-
groups to examine the heterogeneous treatment effects on sales.We calculate the average
treatment effect on purchases for the ten subgroups respectively. Figure 4 illustrates the
specific heterogeneous subgroup treatments analysis.

Fig. 4. The heterogeneous treatment effect on sales with different dimensions

In Fig. 4, the left and right columns represent the effects on female and male gender
influencers respectively. The bottom row represents the treatment effect on influencers
with the smallest number of followers in our dataset. The higher rows denote there is a
larger number of followers for the influencers. In Fig. 4, we find that the treatments on
visits are significant mainly for influencers with a large number of followers while the
impacts on influencers with a small number of followers are limited. Consistent with
previous discussions, we explain that the viewers for influencers with a small number
of followers are relatively more loyal than the viewers for the influencers with a large
number of followers. As a result, with the left of themega influencer, there is a significant
number of viewers who are also leaving the platform. Among those leaving viewers, the
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percentages of viewers for influencers with a small number of followers are relatively
small, which could explain the significant decrease in viewers’ visits mainly for the
influencer with a large number of followers.

6 Conclusions

Live streaming is becoming prevalent in our daily lives. More and more internet users
tend towatch live streaming shows and buy products from influencers. Based on a natural
experiment and a unique dataset, this paper takes the first step towards understanding
the relationships between mega influencers and other influencers in the live streaming e-
commerce setting. Our econometric and causal inference analysis theoretically provides
many important findings. First, we illustrate the significant signaling effect and drainage
effect from mega influencers on other influencers. With mega influencers’ leaving, the
viewers’ visits and sales for other influencers significantly decrease. Second, our paper
shows that mega influencers’ treatment effects last for a relatively long time. The view-
ers’ visits and purchases for other influencers significantly decrease in both the short
term and long term. Finally, we find that the treatment effects of mega influencers are
heterogeneous across influencers. The influencers with a large number of followers are
more affected than the influencers with a smaller number of influencers. The findings
in our paper have important managerial implications for live streaming platforms to
manage their influencers and take personalized management strategies.
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Abstract. The emergence of livestreaming commerce has become more preva-
lent especially during the pandemic period. This present study attempts to reveal
Chinese consumers purchase intention for agricultural products via livestreaming
platforms. For this purpose, the Theory of Planned Behavior is applied to reveal
the influence of Chinese consumers’ subjective norm, attitudes, s and perceived
planning behaviors on their purchase intentions when buying agricultural prod-
ucts through livestreaming platforms. The researchers designed an online survey
from January to April 2020 in China. Convenient sampling was applied to col-
lect 517 questionnaires from the respondents who have no experience in buying
agricultural products from livestreaming platforms. After data cleaning, 400 sets
of questionnaires were valid to use. Structural Equation Model was applied to
analyze the relationship among the variables. The findings indicated that the path
from subjective norm (β = .554, p < .001), attitude (β = .314, p < .001) and
perceived behavioral control (β = .139, p < .05) significantly affect consumers’
intention to buy agricultural products from livestreaming platforms.

Keywords: Theory of planned behavior · Agriculture food · E-Commerce
livestreaming platform

1 Introduction

The outbreak of COVID-19 in 2019 has had an unimaginable impact on business activi-
ties. Restrictions on social distancing and the imposition of pandemic control measures
have accelerated the dramatic growth of e-commerce. According to the recent data from
China Internet Network Information Center [14], online shoppers’ number has reached
0.812 trillion by June 2021, which recorded an increase of 29.65million since December
2020. This number of online shopping users covers 80.3% of the total internet users,
and as an effect, Chinese online retail sales has reached 6,113.3 billion yuan, increas-
ing 23.2% than last year (p. 41–42) [14]. The ever-increasing e-commerce cannot be
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achieved without profound internet penetration. As of June of 2021, Chinese internet
users’ number has reached 1,011 million with internet penetration rate 71.6% [14]. The
popularity of the internet and the mature development of e-commerce have successfully
incubated the livestreaming platforms.

Livestreamingbecomes trendyglobally, throughwhichusers canbroadcast any activ-
ities they like to share such as eating, exercising, singing, dancing, etc. [29]. Livestream-
ing refers to a “broadcast video streaming service with synchronization and cross-mode
(video, text, and image) interactivity provided by network-based platforms and mobile
applications” [15]. Throughout the livestreaming platform, “users (“live broadcasters”,
or Zhubo in Chinese) have generated content types (“vertical”) for onscreen perfor-
mances, which include social eating, karaoke singing, games, painting and cooking”
[15, 40, 41]. The emergence of livestreaming platforms has not only greatly promoted
the rapid growth of social media entertainment in China [15], but sales through such
platforms have also sprung up.

According to the statistics from iiMedia Consulting, in 2019, the total scale of Chi-
nese livestreaming has reached 433.8 billion yuan [30] and its market value has already
amounted to around 1.2379 trillion Yuan in 2020 [35]. In 2020, Chinese livestream-
ing users’ number has reached 265 million [14] and the users who placed orders on
livestreaming e-commerce accounted for 66.2%of the userswhowatched the livestream-
ing e-commerce, that is, nearly two-thirds of the users made a purchase after watching
the livestreaming e-commerce [30]. Thus, it is not questionable that livestreaming has
become a major shopping channel for online shoppers in China [35]. Currently, Taobao,
Douyin and Kuaishou are the top three livestreaming platforms with monthly active
users of 69.9 million, 46.9 million and 26.8 million, respectively [42]. The promising
scenario of livestreaming commerce has brought a way out for many businesses such
as the sale of agricultural products especially in underdeveloped regions. Under this
situation, “agricultural products+ live broadcast of goods” is rapidly emerging through
which agricultural products with local characteristics have also begun to be sold through
livestreaming platforms. While many high-quality agricultural products have a way out,
live broadcasting has also become a channel for farmers in underdeveloped areas to get
rid of poverty and increase their income.

With the continuous expansion of the agricultural product livestreaming market and
the enhancement of the economyand consumption power of consumer groups,merchants
and farmers can utilize livestreaming platforms to understand consumers’ willingness
to purchase agricultural products, thereby capturing consumption trends of agricultural
products. In this context, studying consumer behavior for livestreaming sales becomes
vital. This will not only enrich the empirical research on consumer online buying behav-
ior, but also provide insights for related parties such as live broadcast platforms, local
governments and farmers who wish to join the e-commerce bandwagon. In addition,
as a new trend of e-commerce, livestreaming commerce has also led scholars to study
consumer behavior related to this practice. However, the empirical findings are still
insufficient. For this reason, this study employed profound Theory of Planned Behavior
(TPB) model to reveal how Chinese consumers respond to shopping via livestreaming
platforms. In particular, we try to understand the extent to which perceived behavioral
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control, subjective norm and attitude, affect individual consumer’s intention to buy agri-
cultural products via livestreaming platform. The structure of this study is arranged as
follows. First, literature review is provided in part 2, and the research design is explained
in part 3. The discussion and conclusion are provided in part 4 followed by implications
in part 5.

2 Literature Review

As a classic attitude-behavior relationship theory in social psychology, American psy-
chologist Ajzen [1] developed TPB theory in 1985 based on Rational Behavior Theory.
The TPB believes that an personal authentic behavior is determined by behavioral inten-
tion [1], which is comprehensively influenced by the three variables of perceived behav-
ioral control, subjective norms and attitude [1]. Attitude indicates the personal evaluation
of a specific behavior, while subjective norm indicates social influences might trigger or
hinder individual’s engagement in a particular behavior [2]. Perceived behavioral con-
trol refers to a personal self-perception on one’s own ability to control corresponding
opportunities and resources to perform a behavior [32]. More importantly, intention is
understood as “indications of how hard people are willing to try and of how much of
an effort they are planning to exert in order to perform the behavior” [2]. The TPB has
been widely examined by scholars in different fields and its popularity increases the
explanatory power and predictive power in education [22], management [13], marketing
[16, 49] and tourism [37, 38], etc. Especially with the popularization of e-commerce,
the TPB model has aroused the interest of mainstream scholars including Arora and
Sahney [6], Cheah [11] and Han [26]. For example, Boobalan [9] explored altruistic
motives’ influence on purchasing organic food based on TPB model, in which attitudes
to organic food are the main factor in the American groups, and subjective norms play
a major role in the Indian groups in purchasing and consuming organic food. Tang [45]
applied TPB model to study online shopping intentions and behaviors, in which website
trust and online shopping attitudes play a significant role in establishing online shopping
intentions and actual behaviors.

2.1 Behavioral Intention (BI)

Behavioral intention indicates an individual presents his or her readiness to perform a
behavior [3, 18]. This implies that a stronger intention tends to result in an actual behav-
ior [2]. In the context of consumer behavior, purchase intention implies consumers’
intentional willingness [33] to buy a particular product. Purchase intention has been
widely studied by various scholars, which include Wagner, Borell, Sarah & Modenesi
[47], Wang, LeeWu&Liu [48] Escobar-Rodríguez &Bonsón -Fernández [17]. Accord-
ingly, in this present study, behavioral intention measures the degree of which individual
consumer is trying to purchase agricultural products via livestreaming platforms.

2.2 Perceived Behavioral Control (PBC), Subjective Norm (SN) and Attitude
(ATT)

PBC implies individual consumer’s perception about the difficult degree of taking a
specific action [3, 31]. The key is how well an individual is able to control “time, money,
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skills, opportunities, abilities, resources or policies” etc. [32]. PBC has been found to
affect directly on behavioral intention by various studies including Ajzen [2], LinWang,
Wang and Lee [33], Liao and Fang [32] and Liu, Shi and Amin [34], etc. For instance,
Gupta [23] established a green purchase behavior model among Indian consumers based
on TPB, in which perceived behavioral control variable significantly influence Indian
consumers’ green buying behaviors. Rang and Soyoung [39] investigated Korean con-
sumers’ purchasingwell-being food intention based on TPB theory. Their results showed
that PBC has the strongest effect on Korean consumers behavioral intention to purchase.
In this study, PBC refers to a consumer’s perception on buying agricultural products’
ease or difficulty via livestreaming platforms. In other words, consumers might think
that they have control over the knowledge, resources, opportunities, which will trigger
their intention to engage in livestreaming commerce [33]. Accordingly, the hypothesis
one is formulated:

H1: PBC significantly affects consumer’s intention to buy agricultural product via
livestreaming platform.

Subjective norms refer to consumer’s judgments of certain behaviors in order to
cater to the habits of the entire society or their own groups [5]. According to Ajzen [2],
subjective norms are reflected in such a manner that if one is performing a particular
behavior, he or she will be influenced by those people whom he or she thinks are impor-
tant to his or her life. In view of this, subjective norms signify that reference groups (e.g.,
parents, relatives, friends, colleagues, etc.) can guide specific behavioral intentions [32].
Tu and Hu [46] identified the factors that affect consumers’ willingness to accept cloth-
ing rentals and they found that subjective norms facilitate interpersonal relationship as
consumers pay more attention to friends’ information sources when making decisions.
In addition, in the study of Chen, Liang, Liao and Kuo [12], findings indicated that
subjective norms play a key role on hedonic and utilitarian values. In this present study,
subjective norms indicate that references groups who consumers think are important to
their lives will likely influence consumers’ intention to buy agricultural products via
livestreaming platforms. Correspondingly, the hypothesis two is developed:

H2: Subjective norm significantly affect consumer’s intention to buy agricultural
product via livestreaming platform.

Attitude refers to the affirmative or negative regard an individual holds towards
something; the degree to which he or she approves the behavior under consideration
[4]. Hee [27] defined attitude as the social pressure that an individual perceives when
making a decision on whether to perform a certain behavior or not, and these pressures
usually come from family members and relatives, friends and colleagues, which largely
affect his favorableness or disagreement towards the attitude object [2]. Zhang and
Liu [50] explored why consumers try to use eco-friendly intelligent home services by
applying TPB, and the results confirmed the significant and positive effects of attitude
on consumers’ intention to use eco-friendly intelligent home services. Tan, Ooi and Goh
[44] examined the determinants of consumers’ purchase intention for high efficiency and
energy saving household appliances inMalaysia and thefindings showed that consumers’
more-favorable attitudes toward high efficiency and energy saving household appliances.
Also PBC significantly influence their purchase intention as well. Spence, Stancu, Elliott
and Dean [43] also explored consumer purchase intentions towards traceable beef steak
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and minced beef. The findings revealed that attitude was the main determinant, SN was
the second determinant, and PBC was the third determinant of intention to purchase the
above mentioned traceable products. In this present study, attitude refers to consumers’
preference towards buying agricultural products via livestreaming platforms, which is
expected to positively influence their intention to eventually buy agricultural products
sold via livestreaming platforms. Thus, the hypothesis three is developed:

H3: Attitude towards buying agricultural product via livestreaming platform sig-
nificantly affect consumer’s intention to buy agricultural product via livestreaming
platform.

3 Research Design

Firstly, the questionnaire was developed based on a standardized TPB questionnaire
proposed by Ajzen [2]. Secondly, the researchers conducted a pilot test by inviting
30 respondents to assess if the questionnaires could be well-understood and it is free
from technical errors. The online survey was conducted between January to April 2020
in China after reliability of questionnaires was confirmed. Convenient sampling was
applied to collect 517 questionnaires from the respondents who have no experience
of buying agricultural products from livestreaming platform. After data cleaning, 400
questionnaires were considered to be valid to use. SEM was applied to analyze the
variables’ relationship [8] based on AMOs 26.

4 Research Findings

4.1 Respondents’ Demographic Information

Mainly, the respondents are female (61.3%) aged between 21–30-year old (39%) with a
monthly salary of 2,500ChineseYuan to 4,000ChineseYuan (44%), and inwhich, 64.3%
of them hold bachelor’s degree. More interestingly, 35.8% of the respondents intend to
buy fresh fruits and 31.5% of them prefer to buy fresh vegetables from livestreaming
platforms.

4.2 Convergent Validity and Discriminant Validity

The convergent validity results showed in Table 1 (Appendix 1) includes the factor
loading (λ), reliability, composite reliability and AVE. As shown in Table 1, all factor
loading indices (λ) surpassed 0.5. In terms of reliability, Cronbach’s α ranged from
0.827–0.860, which were higher than the suggested threshold of 0.7 [36]. With regard to
AVE, the values varied from 0.546 to 0.664, which were higher above 0.5 (recommended
value), and the values of composite reliability surpassed a recommended value of 0.7
[25]. In conclusion, the results of convergent validity test in this study were confirmed.
As for discriminant validity: Table 2 (Appendix 2) presents the discriminant validity test
results. As the AVE square root were bigger than the inter-construct correlation [19], the
discriminant validity in this study is confirmed.
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4.3 SEM Results

The SEM was applied to obtain more “precious specification of hypothesis and opera-
tionalizations of constructs” (Bagozzi & Yi, 2012, p. 12) [7]. Seven model-fit indices
including χ2/df, RMSEA, GFI, AGFI, NFI, TLI and CFI were employed to evaluate
the goodness of fit for SEM (Byrne, 2016) [10]. χ2/df = 1.217, GFI = 0.969, AGFI =
0.954, RMSEA = 0.023, TLI = 0.992, NFI = 0.96 and CFI = 0.994, which meet the
requirements suggested by Byrne [10], Hair, Bush & Ortinau [24], Hu & Bentler [29],
Gefen Straub & Boudreau [20]. Thus, a good fit for the structural equation model is
assured.

In addition, path analysis of hypothesized model was presented in Fig. 1. The path
from PBC (β = .139, p < .05), SN (β = .554, p < .001), and ATT (β = .314, p < .001)
significantly affect consumers’ intention to buy agricultural products from livestreaming
platform. Hence, all the hypotheses are supported.

Fig. 1. Path analysis of hypothesized model.

5 Discussion and Conclusion

Based on TPB, this paper analyzed the factors that influence consumers’ purchase inten-
tions from the perspective of livestreaming platforms. According to the model, four
variables of PBC, SN, ATT and intention are identified, and the research model and
hypotheseswere established. The results confirmed that PBC, SNandATTpositively and
significantly influence consumers’ intention to buy agricultural products via livestream-
ing platforms, in which SN presented the strongest influence followed by ATT and
PBC.

With regard to the positive role of perceived behavioral control, it signified that
when the respondents feel that shopping via livestreaming is easy, or when they have
sufficient resources, their purchase intention to buy agricultural products tends to be
higher; otherwise, they will hesitate to engage in livestreaming commerce. For exam-
ple, when product information (such as price, product origin, volume, weight, delivery
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and payment method) is unclear or the product itself is not visually well presented by
farmers or internet celebrities, consumers will hesitate to make purchasing decisions.
When the livestreaming platforms provide a better user experience such as 7-day no-
reason return policy (policy), sufficient supply (product availability), appropriate promo-
tional discounts (monetary incentives), on-time delivery (time matter) etc., these kinds
of facilitating factors will promote consumers’ purchase intention. In general, the more
perceived facilitation factors, the easier it is to promote livestreaming buying intention
through the livestreaming platform, and vice versa. Ghaderi, Hatamifar and Ghahramani
[21] identified smartphone’s APP as one of facilitating factors to provide local tourism
better traveling experience in Iran. The findings indicated that tourists’ PBC plays an
important role on their travel intentions.

When the subjective norm plays the most important role in influencing consumer’s
buying intention, it means that in the process of buying agricultural products, respon-
dents feel the influence of the reference groups such as their relatives or friends, who
know the products or channels well. This is also in line with a collectivistic nature of
Chinese society inwhich individual behaviors are greatly influenced or restricted by their
surrounding environment. For example, when the reference groups recommended that
buying agricultural products from livestreaming platform is worth to do, the respondents
tend to take this recommendation into account. Due to the influence of the subjective
norms, individual behavioral responses will unknowingly conform to or refer to group
norms or the opinions of important groups. It can be said that when consumers purchase
products on livestreaming platforms, generally they will feel social pressure from their
reference groups, explaining that the impact of the reference group on consumers is still
great. In the context of livestreaming shopping, it is important for an individual to feel
if others support his or her shopping experience or not. In addition to being affected
by subjective norms, some behaviors are also affected by the social setting in which
the individual is currently involved. By and large, subjective norms shows a significant
impact on buying agricultural products intentions from livestreaming platforms. Jain
[31] identified the moderating influence of SN on purchase intions of luxury goods. The
findings revealed that SN was positively related to purchase intentions of luxury goods.
In addition, SN was found to moderate between luxury purchase intentions and attitude.

When clients wants to purchase agricultural products via livestreaming platforms,
they feel positive and optimistic towards the platforms, thus their purchase intention
becomes strong. When the livestreaming platform has active and smooth interaction
with users and makes use of professional and lively presenters to explain the products,
consumer’s attitude towards shopping on the livestreaming platform will become posi-
tive. Thus, this positiveness likely provokes a strong intention to buy thereby resulting
in an actual buying behavior. Thus, in order to form a positive consumer attitude, a
good control on product quality and service quality and a training on visual presenta-
tion are encouraged. In addition, appropriate promotions and advocacy should be in the
consideration among online merchants and farmers.
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6 Implications

This present study has provided implications from different perspectives. From the the-
oretical perspective, the application of TPB model enriches the existing studies of TPB
especially in the context of livestreaming commerce. Also, the findings portray the con-
temporary scenario in which Chinese consumers respond to livestreaming commerce,
which could serve as a reference for those researchers who are interested in conducting
livestreaming-related study.

From the managerial perspective, as Chinese consumers present a high level of
intention to buy agricultural products via livestreaming platforms, the market oppor-
tunities are promising when consumers convert their intention to buy to actual buying
behavior. Thus, how to trigger consumer’s willingness to buy becomes critical. Hence,
livestreaming platforms should try to enhance consumer willingness to purchase through
a series of practices such as making the buying process easier, providing detailed infor-
mation, incentivizing and motivating users to gain better electronic word-of-mouth etc.
In addition, with regard to the decline in purchasing power during the pandemic, indus-
try authorities might reduce the production cost of agricultural products by providing
policy and technical support to agriculture (enterprises) in order to reduce the final price
of products in the market. More importantly, local governments, online merchants and
farmers (enterprises) of agricultural products can use the current popular webcasting
methods to promote relevant knowledge of agricultural products, expand the scope of
influence and let the consumers know more about nutrition and palatability of agricul-
tural products in a subtle way. Consequently, consumers will be generatingmore positive
attitude towards buying agricultural products via livestreaming channels.

From societal perspective, through the livestreaming platforms, farmers on the one
hand can increase their income by selling their local agricultural products in the e-
commerce industry chain; on the other hand, the emergence of the livestreaming plat-
forms has also largely cultivated the e-commerce skills of farmers and related personnel,
thereby driving surrounding people to use the internet for their business activities. This
will not only promote inclusive benefits in less-developing regions, but also achieve fur-
ther equalization of regional consumption [14]. Ultimately, the gap in economic devel-
opment and consumption levels between city and countrysides, economically developed
areas and economically underdeveloped regions, will be narrowed to a certain extent.
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Appendix 1

Table 1. Convergent validity.

Construct Factor loading Reliability Composite reliability AVE

Intention .860 0.764 0.664

INT1 .785

INT2 .832

INT3 .814

Perceived behaviour control .838 0.838 0.634

PBC1 .875

PBC2 .863

PBC3 .858

Subjective Norm .842 0.843 0.574

SN1 .753

SN2 .807

SN3 .726

SN4 .751

Attitude .827 0.828 0.546

ATT1 .735

ATT2 .803

ATT3 .781

ATT4 .702

Appendix 2

Table 2. Fornell-Larcker criterion.

ATT INT PBC SN

ATT 0.811

INT 0.531 0.884

PBC 0.106 0.180 0.869

CN 0.586 0.574 0.062 0.824
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Abstract. Virtual character technology is developing rapidly and is replacing
human participation in social division of labor in many fields, such as online
education, human customer service,marketing activities, etc. Among them, virtual
influencer marketing has gradually become a popular phenomenon, and has been
widely adopted amongmajor socialmedia platforms such as Instagram, Facebook,
and TikTok. However, due to some long-standing user biases towards computer
services, especially compared to human service providers, it is widely believed
that computer service providers are lack of ability. As a type of computer product,
virtual influencers are highly anthropomorphic in terms of appearance, voice,
identity, interaction, etc. Among them, the realistic appearance is an important
feature of virtual influencers, which may be an important factor affecting users’
perception of their abilities, which in turn affect the advertising effectiveness. On
the other hand, the controlling entity of virtual influencer is generally human or
computer, that is, virtual influencer’s behavior is generally manipulated by human
or computer. Past studies suggest that the controlling entity are also an important
factor affecting user attitudes.

Does appearance realism affect virtual influencer perception? What can we
do to improve user attitudes towards virtual influencer advertisements? Is there an
interaction effect between the virtual influencer’s appearance realism level and the
type of controlling entity?Or, how does the virtual influencer’s level of appearance
realism and the type of controlling entity match make the advertisement attitude
better? We intend to conduct a 2 (appearance realism: high/low) × 2 (controlling
entity type: computer/human) between-group experiments. The expected result
are: tunder a high level of appearance realism, the effect of computer controlling
entity is better than that of human-controlling entity. The reason is that high-
level appearance realism improves the user’s ability to perceive virtual idols. The
ability expectations of virtual influencers reduce perceived ability and thus adver-
tisement attitude. We will further examine the moderating effect of product types.
For search products, the effect of using computer controlling entity for virtual
idols with a high-level appearance realism is enhanced, the advertisement attitude
should be stronger; for experience products, human entity should perform better
in advertising regardless high or low appearance realism.

Keywords: Social media marketing · Virtual influencers · Appearance realism ·
Controlling entity · Advertisement attitude attitudes
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1 Introduction

In recent years, with the rapid development of virtual vision technology and the maturity
of the business environment, a large number of virtual influencers have emerged on social
media platforms. Virtual influencer is a kind of virtual character or avatar, which has
been defined as a personwith an anthropomorphic appearance, created by a human orAI-
enabled digital agents (Miao F et al. 2022). Similar to human social media influencers,
virtual influencers are active in social media. They usually have a large number of fans,
actively partner with global brands, act as brand ambassadors for products and services,
and participate new product launches. For example, Miquela, the first digitally generated
virtual influencer, was named one of the 25 most influential people on the internet by
Time magazine in 2018, despite the fact that she is not human at all (Robinson B 2020).
Until February 2022, she has more than 3 million followers on Instagram, and has made
considerable advertising profits through advertising cooperation with brands, including
Chanel, Calvin Klein and other top fashion brands.

There are many advantages with virtual influencers for marketing campaigns, most
notably brand safety, since the media presence of virtual influencers is carefully crafted
by the creator, there is little chance of accidental scandals (Thomas and Fowler 2021). On
the contrary, while human brand ambassadors have a greater chance to involve negative
events such as scandals. Second, virtual influencers can be easily used across virtual
environments, making them recognizable everywhere, whether on an Instagram post
or in a video game. Another advantage of the AI-enabled agent is that it could avoid
potential problems caused by human emotions, and can provide 24-h uninterrupted
and efficient customer service, saving labor costs and becoming an important strategic
asset of the company (Thomaz et al. 2020; Lv X et al. 2021). For example, the use
of virtual anchors for marketing live broadcasts at night has emerged in live broadcast
platforms in China. Given the fast development of artificial intelligence and machine
learning technologies, AI customer service can satisfy many different consumer needs,
and AI agent is more patient and stable than human service providers. However, virtual
influencer marketing still faces many challenges. First, people are biased towards AI
customer service communication and problem-solving abilities, and are reluctant to
waste time telling AI agnet their needs (Luo et al. 2019). To this end, companies are
trying to make it imitating human speech as much as possible to “chat” with consumers
(Adiwardana et al. 2020). This makes it difficult for consumers to correctly distinguish
whether the conversational partner is a human or an AI (Candello et al. 2017). In terms
of vision, the current technology has been able to synthesize virtual human images that
are almost indistinguishable from real people. For example, the visual images of famous
virtual influencers such as Imma andMiquela are very similar to those of human beings,
whichmeans that the visual aspect has reached a high level of realism.Of course, there are
plenty of popular virtual influencers of low realism such as Hatsune Miku, Noonoouri,
etc.

As an emerging AI technology service product, virtual influencers face the same
challenges as other AI services. For example, the disclosure of AI identities would
reduce humanized perception (Hendriks et al. 2020), user-AI collaboration efficiency
(Ishowo Oloko et al. 2019), willingness to communicate (Luo 2019), and satisfaction
(Shi et al. 2020). As a highly anthropomorphic AI service, one of the biggest features
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of virtual influencers is their visual human-likeness. Is it possible for the high visual
similarity to make up for the stereotype of lack of service capabilities and improve the
advertising effect? There are currently many virtual influencers of high and low realism
in appearance on social media platforms, and they gain the attention of a large number
of fans. However, different visual effects may lead to varying marketing outcomes in
different conditions. Whether for the designers and operators of virtual influencers or
potential brand partners, the choice of virtual influencers and the way presenting them
needmore research attention.Current virtual influencersmaybe controlled by real people
or AI, known as controlling agents (Miao F, et al. 2022).With the introduction of relevant
laws, the government began to require service providers to disclose the non-human
identities of AI customer service agents (Alex 2020). We argue that matching different
controlling entities with different levels of appearance realismmay have different effects
in interactive advertising endorsed by virtual influencers. The advertising effects of
virtual influencers may also be different under different product types. For example, as a
technical product, virtual people may be less likely to endorse experience products that
rely on experience than search-based products that rely on data search.

Therefore, our research question was: Does the appearance realism of virtual influ-
encers have an effect on perceptual abilities? Which controlling entity can bring better
advertising effect? Is it affected by product type? Specifically, the human-like appear-
ance of virtual idols is a significant indicator of external vision. For example, some
virtual idols are almost visually indistinguishable from real people, while some virtual
idols have a cartoon-like appearance. Secondly, since virtual idols are anthropomorphic
products synthesized by technology, the controlling entity is generally controlled by real
people or algorithms, and the behavior of virtual people is controlled by real people or
algorithms. Under different levels of appearance authenticity, does the type of control-
ling entity have an impact on the advertising effect? In addition, the products endorsed
by virtual idols can be divided into search and experience products. Will different prod-
uct types have an impact on the level of appearance authenticity and the interaction of
controlling entity types?

As virtual influencers are a relatively new phenomenon, research is still in its infancy.
Recent research argues that AI influencers can generate positive brand benefits similar
to those generated by human celebrity endorsers (Thomas V. L. and Fowler K. 2021).
The research on how virtual influencers visually enhance the advertising effect and its
mechanism is still very limited. Particularly, few studies have explored the influence
of different controlling entitys and product types on the advertising effect of virtual
influencers under different levels of appearance realism.

The market potential of virtual idols with goods is huge. They have varying degrees
of human-likeness and different characteristics. Research on this topic contributes to our
understanding of the path towards better marketing effect of using virtual idols. Another
contribution of this study is improving consumers’ acceptance of AI technology and
providing insights in areas such as human-computer interaction. This paper is organized
by the following structure: hypotheses are proposed based on marketing practice and
existing research, and the research hypotheses are verified by experiment design. The
research assumptions and expected research methods are described below.
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2 Literature Review

2.1 Virtual Influencer

With the improvement of existing technologies and the emergence of new technologies,
artificial intelligence technology will bring about major changes in marketing strategies
(Davenport et al. 2020). In recent years, advances in digital technology have enabled the
development of more complex virtual characters, often presented in three-dimensional
form, with anthropomorphic appearances, unique personalities, identity backgrounds,
behavioral patterns, and social lives (Ahn, et al. 2012; Bendoni and Danielian 2019).
Five core technologies are key to synthesizing virtual characters: natural language pro-
cessing, image recognition, speech recognition, problem solving, and machine learning
(Kietzmann, et al. 2018). Compared with AI customer service and other virtual service
providers, virtual influencers in social media are currently the virtual characters with a
large amount of followers. They can stay young and alive for long period of time, and
they can easily engage in activities such as brand marketing across platforms, but also
they are far less likely to be involved in scandals than human influencers. As a result,
a large number of top brands have started to use virtual influencers for marketing. In
terms of the role of digital technology in marketing, Liu (2019) found that Twitter social
bots are significantly effective in spreading word of mouth and have been effective in
influencing brand virality. Virtual influencers can also improve users’ attitudes towards
products in marketing activities, and gain considerable profits for brands.

Previous studies have shown that visual cue is one of the factors that enhance the
humanization of digital chat agents. For example, human-like appearance can effectively
improve users’ attitudes and behavioral intentions toward AI services (Go and Sundar
2019). Perhaps the most effective way to make digital service providers more human is
through the visual adoption of personas over time. Since some impressions formed by
visual cues are unconscious (Lee and Oh 2015), this kind of character appearance may
bring some positive feelings to users and further form cognitive evaluations. Human-like
visual cues may trigger humanized perception (Sundar 2008). In this way, when users
perceive digital service providers as human beings to some extent, interaction intentions
and behaviors will arise (Kim and Sundar 2012). Treating a digital service provider
as human means that it may be viewed as having human-like capabilities. The current
visual technology can make virtual characters visually almost indistinguishable from
real people. For example, the virtual human creation software provided by MetHuman
Creator (a free digital human creation site) can design virtual characters with a highly
realistic appearance, even including Freckles, blood vessel distribution, iris and other
details. Research has shown that themore anthropomorphic an avatar is, themore believ-
able and capable it appears to be (Westerman, et al. 2015). We believe that the a high
level of appearance realism may also lead higher perceived ability, even unconsciously.
In advertisements involving virtual influencers, perceived ability elicited by high lev-
els of appearance realism may in turn enhance positive user attitudes toward products.
Therefore, we propose proposition P1 and P2:

P1: Compared with low-level appearance realism, high-level appearance real-
ism can better improve virtual human perceived ability.
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P2: Perceived ability promoted by high level of appearance realism promotes
advertising attitudes.

2.2 Controlling Entity

A virtual influencer can be highly similar in appearance to a real person, and its behavior
is usually controlled by a computer or a human. Is it needed to inform users who controls
virtual influencers? As more and more technologies make it difficult for users to iden-
tify whether they are real people or computers (Candello et al. 2017), more and more
organizations around the world, including the European Union and parts of the United
States, seek to protect users’ rights and interests, and are legally and ethically demanding
Enterprises have put forward requirements for disclosing computer identities. Therefore
in the future, when using computer customer service to provide services to users, it will
become an inevitable trend for enterprises to disclose the computer identities of service
providers in the future (European Commission 2018; Alex 2020). In the process of the
virtual influencers interacting with the user, the user should be informed whether the
object interacting with him is a human or a computer. That is, she should be informed
whether the identity of the controlling entity is a human or a computer.

Compared with computers, avatars induce more social presence and stronger social
influence when using human controlling entity (Fox et al. 2015). However, human con-
trolling entities are not always performing better than computer controlling entities.
Because related research has found that people experience negative perceptions when
they recognize that they are interactingwith humans rather than computer-controlled vir-
tual characters due to unmet social expectations and reduced perceived automation (Kim,
et al. 2016; Yokotani, et al. 2018). If a high level of appearance realism enhances the
user’s perception of the virtual influencer’s ability, and if the user has been told that one
is interacting with a computer at the time (i.e. the controlling entity is the computer),
then this is in line with the user’s expectations on the capacity of virtual influencers,
which may improve the perceived ability. On the contrary, if the user knows that the
controlling entity is a human, the perception of the virtual influencer’s ability may be
reduced. Therefore, we propose research proposition P3 and P4:

P3: Compared with the human controlling entity, when the controlling entity
is a computer, the perceived ability strengthened by high appearance realism is
enhanced;

P4: Compared with the computer controlling entity, when the controlling entity
is a human, the perceived ability strengthened by high appearance realism is
weakened.

2.3 Search and Experience Products

A large number of previous studies divided online product types into two types: search
and experience products, and have examined themoderating effect of product type based
on this typology (Zhang et al. 2014). If the product attributes can be identified before
purchase, the product is a search-type product; if the product attributes cannot be learnt
before purchase and use, and must be personally experienced, then the product is clas-
sified as an experience product (Klein 1998). Search products are generally easy to be
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evaluated objectively and easily compared, while evaluation and comparison of expe-
rience products are more subjective and difficult (Huang 2009). Compared with offline
shopping, online platforms cannot directly judge product quality through contact and
other methods, so there is a significant difference in online purchase intentions of these
two types of products (Schmid et al. 2018). In online advertisements endorsed by network
influencers, consumers need to rely more on other people’s evaluation and use experi-
ence to make judgments about experience products. However, virtual influencers cannot
provide consumers with the real experience of using products. Therefore, for experience
products that rely on experiencial evaluation, the ability to perceive virtual influencers
has a lower effect on advertisement attitudes. Compared with experience products, con-
sumers usually evaluate products based on the relevant data of search-based products.
These data can be quickly obtained through AI technology, so the perceived capability
of virtual humans is consistent with consumers’ needs for search-based products. In
this case, perceived capability should have a stronger effect on advertisement attitude.
Therefore, we propose following proposition P5 and P6:

P5: Under the type of search product, the effect of perceived ability on
advertisement attitude is enhanced;

P6: Under the type of experience product, the effect of perceived ability on
advertisement attitude is weakened.

3 Conceptual Model

Controlling en�ty
computer/human

Product type
search/experience

Appearance realism 
level high/low Perceived ability Adver�sement a�tude

3.1 Method

We will design 4 studies to test the above propositions, 2 of which will use online
experiments and the other 2 will use offline experiments. Among them, the purpose
of experiment 1 is to test whether the level of appearance realism has an impact on
the perception ability and the difference in the effect of different levels of appearance
realism. The experiment will design 2 groups of experimental materials, and the par-
ticipants will be randomly divided into 2 groups. The purpose of Experiment 2 was to
examine whether controlling entity type had a moderating effect on the effect of appear-
ance realism levels on perception. 2 (appearance realism: high/low) × 2 (control entity
type: computer/human) between-group experiments will be employed. The experimen-
tal purpose of Experiment 3 was to examine the moderating effect of product type on the
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influence of perception ability on advertisement attitude, using 2 (appearance realism:
high/low) × 2 (control entity type: computer/human) × 2 (product type: search type
/experiential) experiment. The purpose of experiment 4 is to test the main effect again,
and add real influencers as a control group to re-verify and supplement the conclusions
drawn from the above experiments. 2 (appearance realism: high/low/human) × 2 (con-
trol entity) will be used. Type: computer/human) × 2 (product type: search/experience)
between-group experiment. Finally, we will continue to improve and optimize the above
content and experimental design in the following research.
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Abstract. Intelligent voice assistants (IVA) are on the rise: They are implemented
into new smart mobile and stationary devices such as smartphones, smart watches,
tablets, cars, and smart speakers. Being surrounded by always-on microphones,
however, can be perceived as a threat to one’s privacy since audio recordings are
saved in the cloud and processed for e.g., marketing purposes. However, only a
minority of users adapts their user behavior such as self-disclosure according to
their privacy concerns. Research has attempted to find answers for this paradoxical
outcome through concepts such as the privacy calculus or the privacy cynicism.
Moreover, literature revealed that a large group of users lacks privacy awareness
and privacy literacy preventing them from engaging in privacy-preserving behav-
ior. Since previous studies in the scope of IVAs focused primarily on interviews
or cross-sectional studies testing models predicting user behavior, desiderata for
elevating future research are presented. This leads to a more user-centric app-
roach incorporating e.g., a motivational-affective perspective and investigation of
causalities.

Keywords: Privacy · Intelligent voice assistants · Voice-based AI

1 Introduction

Operating digital devices via themost obvious of all forms of communication brings a lot
of convenience for users of intelligent voice assistants (IVA). While driving, messages
can be sent, or route guidance can be activatedwithout visual or haptic distraction. On the
smartphone, texts can be entered without the arduous operation of virtual keyboards, and
at home, voice assistants make it possible to save reminders or perform search queries
without having to reach for the phone. These advantages are reflected in the steadily
increasing user numbers of services such as Alexa (Amazon), Google Assistant (Alpha-
bet), and Siri (Apple) (BusinessWire 2020). In addition, these intelligent assistants have
become truly mobile since they are implemented into a wide range of devices such as
smartphones, smart speakers, smart watches, car systems, PCs, and headphones making
them a constant companion for their users.
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However, IVA technology is overshadowed by widespread skepticism - after all,
the use of voice-based AI systems with their permanently activated microphones con-
nected to the internet goes hand in hand with a significant impairment of one’s own
privacy and data security (Easwara Moorthy and Vu 2014). These perceived risks lead
certain potential users to refrain from usage and some users to reduce or even stop using
these devices or a few of their functions (O’Brien and Sohail 2020). On the contrary, and
although both popular and scientific media address privacy concerns frequently, it seems
to be still questionable to what extent privacy is really a pressing issue for end users.
An analysis of consumer reviews about voice assistants in online forums, for example,
showed that privacy and security were mentioned in only two percent of the texts exam-
ined (Fruchter and Liccardi 2018). Contradictory findings such as this that users do not
adapt their behavior to their privacy concerns led to the postulation of the frequently
cited privacy paradox (Barnes 2006). Recent studies have attempted to clarify or even
refute the paradox (Dienlin and Trepte 2015) offering various explanations regarding
the discrepancies between user thoughts and behavior.

Due to their novelty, IVAs have only been researched for quite a short time. Never-
theless, researchers from the fields of computer science (Pridmore et al. (2019); Zeng
et al. 2017), human-computer interaction (Easwara Moorthy and Vu 2014; Pal et al.
2020), communication science (Buteau and Lee 2021; Lutz and Newlands 2021), and e-
commerce (Balakrishnan et al. 2021) have shown particular interest. However, they often
used heterogenous or in some cases unclear privacy concepts or aimed at behavioral pre-
dictions using simplifiedmodels such as the technology acceptance model (Davis 1989).
Less consideration has been given to a more detailed analysis of the psychological or
social processes in the context of human being interacting with voice-based technology.
Consequently, our goal is to compile from the existing literature which theoretical con-
cepts such as informational privacy are relevant in the IVA context and which privacy
risks users actually face. Further, we want to answer what privacy concerns users have
and to what extent these affect precautionary or avoidance behaviors. Moreover, we
bring together theoretical constructs that attempt to explain the question of why voice
assistants are used despite existing privacy and security risks, and which cognitive mech-
anisms are involved. Finally, the review and the analysis of the status quo leads over to
the derivation and highlighting of research desiderata and initial ideas to address them in
form of a road map. In sum, the present paper helps to broaden the existing perspective
on privacy by focusing more on the human user of the technology and therefore on
cognitive, emotional, and social processes within the user-device interaction.

To achieve the beforementioned goal, this nonsystematic reviewwill look at selected
papers in the domain of privacy and voice assistants across various scientific disciplines.
This comprehensive compilation of previous results is needed to obtain a holistic picture
of privacy-related concerns and their impact on users to derive desiderata elevating
research in this important topic from a psychological perspective.

2 Privacy – No Explanation Needed?

As was evident from the review of publications in the topic area of privacy, some papers
completely omitted definitions of the concepts investigated, e.g., privacy or cited various
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definitions that differed significantly from one another which makes it difficult to get a
valid overview of the theoretical concepts of the research area. Rather, the impression
arose that privacy for instance, is considered a generally understandable construct that
does not require a detailed definition. From a general perspective, privacy is defined as
a person’s withdrawal from the public using psychological or physical barriers (Westin
1967). According to that, an individual is free to be in seclusion or not, to share personal
information or not or to be anonymous or identifiable (Westin 1967). When it comes
to a more concise definition, researchers have not agreed to one unified approach yet
(Buchanan et al. 2007). Since privacy is a complex construct, there are definitions fea-
turing multiple dimensions such as informational privacy, which states that individuals
themselves influence the extent to which personal information is disclosed to others and
physical privacy which encompasses e.g., the freedom of surveillance (Burgoon et al.
1989).

In the following, two more complex concepts are presented.
The first approach, the communication privacy management, proposes three strate-

gies to control privacy (Petronio 2010). Privacy disclosure (1) describes the quality
and quantity others are allowed to know, boundary linkage (2) refers to the entities
that have access to the information, whereas boundary control (3) explains the extent
of control someone has over the information after it has been leaked (Petronio 2010).
Privacy disclosure is the most significant dimension through which users of IVAs can
exert influence. Boundary linkage and control, on the other hand, may be relevant when
selecting an IVA system, but they hardly play a role in everyday use, because this is the
responsibility of the service providers.

A more recent concept is the privacy process model (Dienlin 2014) postulating
that individuals perceive their current privacy context and evaluate it according to their
privacy needs. Possible discrepancies between the current and the desired state yield
in adapted behavior such as self-disclosure (Dienlin 2014). However, research revealed
that, for instance, IVA technology is used although individuals perceive privacy concerns,
and thus, should adapt their behavior. Therefore, it should be considered what potential
risks users of IVAs are exposed to, to what extent concerns are manifested and to what
degree behavior is adapted accordingly, or what cognitive mechanisms underlie them, in
order to also be able to understand how behavior that is contradictory to attitudes arises.

3 Privacy Risks and Concerns with IVAs

It is not exclusive to IVA technology to feature risks regarding information and data
privacy. However, the always-on nature of these services and their absence of a typical
user interface make it especially difficult for many users to understand which of their
information is processed and hence, potentially at risk. On the one hand, research has
identified a taxonomy of privacy issues in the realm of IVA technology (Pal et al. 2020).
On the other hand, research found security vulnerabilities affecting users’ privacy in
voice assistants – primarily when embodied in smart speakers (Alepis and Patsakis
2017).

With reference to the taxonomy of Pal and colleagues (2020), there are four main
domains of privacy in the context of IVAs, namely contextual, bystander, data sharing,
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and environmental privacy. Regarding (1) contextual and partly (2) bystander privacy,
one problem is the lack of authentication with voice assistants. This makes it possible
for people within auditory and speaking range to activate the system and to obtain
personal data (Pal et al. 2020). This is particularly significant when sensitive data such as
calendars, e-mails, or instantmessengers are connected to the IVAsystem, because unlike
smartphones, voice assistants are not protected against unauthorized access via passcode
or fingerprint, for example (Courtney 2017). Another privacy issue comes with the fact
that IVAs are always listening. Just one vocal expression of the so-called “wake word”
or anything phonetically similar initiates a voice recording of a potentially sensitive
conversation which then immediately is sent to the service provider’s cloud (Edu et al.
2021). In addition, it already happened that such voice recordings were transmitted to
smart speakers of people in the contact list (Warren 2018). (3) Data sharing is considered
to be another problem for personal data since it remains relatively unclear to users who
has access to their valuable data in the end (Pal et al. 2020). Of equal ambiguity and
concern are aspects of the (4) environmental privacy resembling the extent to which
service providers might use the data for profiling and whether government authorities
might use the data for their own purposes (Pal, Arpnikanondt, Razzaque et al. 2020).

Moreover, research reported AI learning in terms of algorithms IVAs refer to being
manipulated by false data exposure and third-party skills to be possible vectors for attacks
making it possible to hack smart speaker devices or to retrieve personal data (Edu et al.
2021; Kumar et al. 2019).

4 Focusing on the User’s Perspective on Privacy Concerns

The presence of threats to one’s privacy should be reflected in IVAusers’ concerns, which
then manifest themselves in protective behaviors. Research has shown that privacy risks
do not solely predict the intention to adopt IVA technology, but it is mediated through
privacy concerns (Vimalkumar et al. 2021). Hence, it is necessary to examine if risks
induce privacy concerns in users.

According to prospect theory (Kahneman andTversky 1979), individualswould have
to behave in such a way that they try to avoid risks rather than strive to make profits.
However, current research does not provide this direct conclusion in the realm of IVA
as results do not draw a clear picture (Lau et al. 2018; Zeng et al. 2017).

4.1 Effects of Privacy Concerns on User Behavior

In general, research only found little evidence that supports the hypothesis claiming
that privacy concerns would yield in privacy-preserving behavior. According to Pradhan
et al. (2018) a third of their participants stated to refuse to use some IVA functions due
to privacy concerns or to shut down the smart speaker in several situations. According
to another study, some smartphone users adapt their IVA usage to the context; when in
public or if the task or topic was perceived as private, participants would claim to hesitate
to use an IVA system (Easwara Moorthy and Vu 2014). In contrast, privacy concerns
yield in a decreased acceptance of technology with biometrical sensors (Miltgen et al.
2013). Consequently, a few users seem to adapt their privacy behavior to their privacy



Privacy of AI-Based Voice Assistants 313

needs although the majority does not. One factor influencing data disclosure seems to be
digital literacy, because on the one hand, capable users show more avoidance behavior
than less-literate ones and, for example, consciously weigh conversation topics close to
IVAs or make more technical adjustments (Dienlin and Metzger 2016; Liao et al. 2019;
Zeng et al. 2017). On the other hand, digital literacy refers to decreased privacy concerns
(Liao et al. 2019). Furthermore, there is an effect of usage since users of smartphone or
smart speaker IVAs indicated to have less privacy concerns than non-users (Liao et al.
2019).

4.2 Lack of Awareness

In order to engage in privacy-preserving behavior, individualsmust have sufficient aware-
ness of the risks described above, which, according to research findings, is not always
the case. The previously mentioned result that the majority of voice assistant users have
no privacy concerns was supported in a direct user survey (Lau et al. 2018). Most users
reported to not have any privacy concerns which they reasoned in different ways. For
example, some users doubted their transmitted data would be stored extensively, as this
would require disproportionately large storage resources. Others argued with the low
relevance of their own person or stated that they would not have to hide anything. These
statements reflect a low level of awareness of both the importance of privacy and the
technical processes involved, which is partly based on incorrect assumptions and a lack
of knowledge. In addition, there are users overestimating their knowledge about the
topic, and hence, underestimating the extent of aggregated data they are sharing with
companies (Conti and Sobiesk 2007). The prementioned shortcomings of users are par-
ticularly problematic since voice assistants affect not only one’s own privacy, but also
that of bystanders (Pal et al. 2020).

Moreover, research revealed that interindividual differences such as age, gender and
socioeconomic status, which have been shown to be predictors of technology acceptance,
usage and skills (Robinson et al. 2015) are also relevant for the context of privacy. For
example, elderly people view data processing and sharingmore skeptically than younger
ones (Bonilla and Martin-Hammond 2020). In contrast, younger generations grew up
using digital media permanently. They are used to sharing data with various companies
and the public posting personal data on social media platforms, for example (Courtney
2017). Then again, other research found young adults to have privacy awareness and to
show protective behavior (Hargittai and Marwick 2016).

5 Explanatory Approaches for Solving the Privacy Paradox

The privacy paradox originated in research on social networking sites when studies
showed that doubts about posting private information onlinewere not reflected in reduced
social media use (Barnes 2006). The privacy paradox was then frequently discussed and
contradictory results were found. For example, skeptical users would actually publish
fewer posts on social networking sites than uncritical users (Dienlin and Metzger 2016).
However, studies in this area are hard to compare because they often refer to different
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definitions or dimensions of privacy. According to Dienlin and Metzger (2016), dis-
crepancies between attitudes and behavior can be explained by investigating privacy
as the multidimensional approach that it is. This includes additional measures like self-
withdrawal and self-efficacy. For instance, lurkers protect their privacy from other people
because they disclose less data about themselves, at least in (partial) public. Neverthe-
less, providers and other tracking services also collect valuable data during passive use
of social media. This in turn leads the arc to the use of IVAs. Here, users do not primarily
fear the publication of personal data, but rather the generation of complex personality
and behavior models by manufacturers and providers (Pal et al. 2020).

In research, IVAs are often investigated in the form of smart speakers, because these
devices are quite a novelty and thus of particular interest for e.g., economic purposes.
This is reflected in various studies, which oftentimes aim to predict user attitudes, user
intention or behavior in regards of, for instance, adoption rates. Therefore, theoretical
models such as the TAM are applied which, indeed, deliver an insight into relevant
factors that affect user behavior. For instance, Buteau and Lee (2021) found privacy
risks and perceived safety to influence user attitude – besides technological aspects such
as perceived usefulness and social factors. In principle, the paradox could be explained
by such results because, after all, it has been found that human behavior is not only
influenced by concerns about privacy. However, this falls short because in this way
questions of causality, but on the other hand also of the underlying cognitivemechanisms,
remained unanswered. Therefore, some of the most popular and promising approaches
for clarifying the privacy paradox are explained and discussed in the following.

5.1 Privacy Calculus

Probably the most deployed approach to explaining the privacy paradox is the so-called
privacy calculus (Laufer and Wolfe 1977). According to that framework, users compare
the potential benefits of a technology with its risks in a utilitarian evaluation (Lee et al.
2013). Consequently, IVAs are used when their benefits appear to outweigh concerns
about privacy intrusions. Benefits are, for example, positive outcomes such as conve-
nience through personalized services or hands-free interaction with technology, social
rewards, or enjoyment (Smith et al. 2011). In the scope of IVA technology, risks mainly
refer to privacy-related problems such as unintentional disclosure or dissemination of
personal information (Malhotra et al. 2004; Pal et al. 2020). In fact, it has been shown
that users arewilling to disclose personal data on condition that they receive personalized
services in return (Lee et al. 2013).

The privacy calculus has also been examined in the context of IVAs with approving
outcomes (Pal et al. 2020). In a dual factor approach it was shown that perceived benefits
are a significant predictor for personal information disclosure and usage intention in a
step further, and perceived risks negatively predicted personal information disclosure.
However, users valued benefits more than perceived risks (Pal et al. 2020).

Furthermore, the concept of consciously evaluating advantages and disadvantages
is not entirely new, as it is in line with rational decision making (Simon 1979). This
theoretical approach was also applied in the context of factors that promote or inhibit
IVA adoption; for example, with the result that perceived benefits may reduce resistance
to IVAs (Balakrishnan et al. 2021). Interestingly, this effectwas found only inmen,which
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reveals the question of why women’s rejection of IVAs is not significantly reduced by
perceived benefits. In addition, research in the field of social network sites found similar
effects regarding the moderating role of gender (Sun et al. 2015). According to Sun and
colleagues (2015),women tend to focus on hedonic benefits,whereasmenputmore value
towards utilitarian benefits. Regarding the balance between risks and benefits, females
seem to primarily focus on risks whereas it is benefits for males. Another moderating
factor seems to be culture as uncertainty avoidancewas found to influence risk perception
(Krasnova et al. 2012).

Overall, the privacy calculus is not free of criticism. On the one hand, the approach is
not suitable for insights and understanding the processes of the mental models during the
calculus. On the other hand, most privacy calculus models focused on negative or critical
behavior like self-disclosure whereas protective measures such as self-withdrawal were
disregarded (Dienlin andMetzger 2016).Moreover, studies focus primarily on IVAusers.
However, within the framework of the cognitive dissonance theory (Festinger 1962),
people using the systemsmight perceive fewer risks than non-users ormight overestimate
benefits and underestimate risks due to the avoidance of cognitive dissonance.Moreover,
the evaluation postulated in the privacy calculus requires users to have a certain level of
understanding and awareness of possible risks. As a significant portion of users are not
aware of these risks, it is unlikely that these users are capable of making an elaborate
decision.

5.2 Trust

To avoid performing a dedicated risk-benefit analysis for each new interaction with an
interaction partner, individuals develop either trust or distrust (Harrison McKnight et al.
2002). Regarding user attitudes toward intelligent voice assistants, one study indicates
that users tend to trust corporations and governments, which is why they do not fear
potential data misuse (Zeng et al. 2017). Additionally, according to a user survey, trust
in major technology companies such as Microsoft, Google, and Amazon is relatively
high with more than half of the participants claiming to have at least reasonable trust
in those companies (Conti and Sobiesk 2007). Since all successful IVA systems are
developed by these very businesses, and perceived trust can reduce perceived risk of
data disclosure (Pal et al. 2020), users’ missing privacy concerns or protective behavior
could be partially explained by this fact. Additionally, trust in the service provider and
the technology were found to be significant predictors for IVA adoption (Vimalkumar
et al. 2021). However, other studies show that users will share personal data even if they
have little trust in a corporation (Young and Quan-Haase 2013).

5.3 From Privacy Cynicism to Privacy Apathy and Privacy Fatigue

A newer, well-received approach aiming to solve the privacy paradox by incorporating
previous concepts and solving some remaining questions, is the so-called privacy cyni-
cism (Hoffmann et al. 2016). It will occur if users have privacy awareness and distrust
a service, they would like to use but are not able to apply and satisfy their own privacy
needs. The resulting state of helplessness is said to make users cynic (Hoffmann et al.
2016). Regarding this approach, cynicism acts as a coping strategy to avoid cognitive
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dissonance to be able to use voice assistants, even though this usage is perceived as risky
and privacy adaptation seems to be beyond one’s competences. Cognitive dissonance
refers to a state of psychological stress the individual experiences when engaging in
behavior that is opposing to one’s own attitudes, e.g., as a consequence of using IVA
systems although the risks are salient. Although cynicism is the result of a certain pow-
erlessness, this does not mean that affected users would not continue to try to protect
their privacy (Turow et al. 2015).

The so-called privacy apathy is a kind of intensification of the privacy cynicism
approach. It postulates that individuals abandon all efforts and lose interest in the topic of
privacy because they feel completely powerless to have control over the own information
(Hargittai and Marwick 2016). Thus, this approach can be referred to that of post-
privacy, according to which protection of one’s own privacy is no longer possible due to
technological progress (Hagendorff 2019).

A more comprehensive approach is privacy fatigue which incorporates cynicism and
emotional exhaustion (Choi et al. 2018). According to an online survey study, privacy
fatigue appears to influence privacy-protective behavior even more than concerns do.
Consequently, a mixture of great complexity of the topic, the feeling of powerlessness
and cognitive dissonance due to usage besides concerns could be overwhelming for users
inducing a fatigue state (Choi et al. 2018).

6 Desiderata and Call for Future Research

The current literature review has worked out that research on privacy in the context of
voice-based assistive systems has made substantial progress in the last few years. Based
on findings of research on other contexts such as social media engagement, for example,
the literature review reveals a growing body of literature on this topic. However, it also
reveals fundamental desiderate in terms of (1) a theoretical framework aiming for the
integration of the different conceptual approaches and (2) methodological advancements
in terms of both measuring approaches and instruments as well as (3) more elaborate
qualitative and especially quantitative empirical analyses to result in amore consolidated
state of knowledge.

(1) Call for a holistic approach in IVA privacy.

Previous research regarding privacy and voice assistants revealed single findings which
are based on different definitions of privacy and its sub-dimensions, and different con-
cepts elaborated in varying depths referring to various frames of reference.Consequently,
it is necessary to create a consistent understanding of the underlying concepts of privacy.
This requires a deeper understanding of the psychological processes within the human
uses interacting with technology. If studies so far discuss mental processes at all, they are
mostly limited to cognitive processes. However, the rather rational perspective on human
beings and their interactions with technologies do not adequately represent the human
being. Research on so-called media equation going back to the 1990s has shown that a
technological device can be more to their human user than mere equipment. With their
concept of media equation, Reeves and Nass (1996) assumed that people involuntarily
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and unconsciously tend to treat media entities, media devices and persons appearing in
media content (fictional and real characters) as if they were real people. For example,
empirical studies showed that social norms originally applying to human-human inter-
actions also apply in the context of media and technology (Reeves and Nass 1996). Early
research on desktop computers and more recent research on e.g., smartphones (Carolus,
Muench, et al. 2019) and also on IVA (Carolus et al. 2021) have shown that technology
triggers social reactions in the human user. Resulting behavioral patterns are similar to
behavioral patterns of human-human interactions.Moreover, Carolus and her colleagues
provided empirical evidence that users of smartphones seem to feel like they were in a
social relationship with their device (Carolus, Binder, et al. 2019).

As a result, this paper argues to broaden the perspective on IVA privacy to include
a more holistic consideration of the human being interacting with the system. Con-
sequently, the paper encourages to a more profound discussion and explanation of
the multiple levels of analysis the human users bring with them. Besides cognitive
processes, future research needs to consider emotional-motivational and behavioral
processes involved.

(2) Call for New Measures of IVA Privacy

Research on IVA privacy would benefit from methodological refinement. Reviewing
the current state of research also results in methodological limitations. One of them
arises from the lack of unity regarding the concepts being applied which resulted in
divergent operationalizations and difficulties in comparing outcomes of other studies.
For instance, some researchers introduced privacy risks and concerns as synonymous
terms disregarding results that outlined conceptual differences. Another limitation of
some studies is their relatively small sample sizes.

In regards of measurement, it seems not sufficient to use privacy scales coming from
other domains without adaption for IVA systems since interaction with voice-based
technologies encompass privacy risks that are different from that of social networking
sites, for instance (Pal et al. 2020). Consequently, future research should focus on the
development of domain-specific measures, such as questionnaires, knowledge tests or
analyses of behavioral data.

(3) Call for quantitative-empirical experimental studies.

The current literature review has worked out that research on privacy in the context of
voice-based assistive systems requires further development of empirical analyses. Most
research conducted in that scope were qualitative-empirical studies like interviews or
quantitative-empirical cross-sectional studies. Across the different studies presented,
there is a fundamental demand for quantitative-empirical experimental study designs
testing assumptions and hypotheses deducted from e.g., qualitative interviews. Further-
more, long-term studies analyzing users’ behavior over time are promising approaches
for future studies. In that way, factors such as privacy concerns could be manipulated
investigating the causal effects of different characteristic attributes. For that purpose,
suitable questionnaires adapted for IVAs are still needed (see paragraph before).
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Summarizing the state of research presented in this paper, specific research areas
emerge that should be addressed in future studies. Future research could further investi-
gate emotional aspects of privacy in the IVA scope, for instance, users’ well-being which
could be impaired by cognitive dissonance or any of the follow-up conditions like privacy
cynicism or apathy. Additionally, effects of anthropomorphism could be researched as
too much realism of technological systems is said to induce aversive feelings in humans
(e.g., uncanny valley; for an overview see: Mori et al. 2012).

With respect to gender differences in the effect of perceived usefulness on reduced use
inhibition, it is important to examine the underlying reasons such as gender stereotypes
affecting the different gender’s attitudes and usage behaviors in the context of IVAs.
Besides gender further interindividual differences such as age and also different cultural
backgrounds should be analyzed in terms of potential moderating effects.

Finally, successful implementation of technology and usage of systems demands lit-
eracy to ensure that user actions are effective andmindful while avoiding risks. Research
has shown that digital literacy decreases privacy concerns but leave unanswered the ques-
tion of whether this is due to well-adjusted privacy-protective behavior or user’s biased
self-perception and overconfidence. In addition, self-efficacy was found to decrease pri-
vacy concerns (Easwara Moorthy and Vu 2014), highlighting the relevance to explore a
holistic model of AI literacy for voice-based systems.

7 Conclusion

This paper has shown that intelligent voice assistants are on the rise. Besides the increas-
ingly popular home assistants such as Amazon Alexa or Google Assistant, IVAs are
implemented into further mobile and stationary devices such as smartphones, smart
watches, tablet and smart home equipment or cars. The awareness of always-on micro-
phones, however, can be perceived as a privacy threat. While one might assume that
being aware of these risks results in corresponding behavior, research has shown that
only a minority of users who are concerned about their privacy adapts their behavior in
terms of reducing self-disclosure. In recent years, growing research efforts have tried
to find explanations for this paradoxical outcome. First, studies revealed that a large
group of users is simply not aware of the problem or has no strategies to handle it.
Arguing from a societal perspective, educational campaigns should address these issues
to raise privacy awareness and to develop privacy literacy to enable users to engage
in privacy-preserving behavior. Second, referring to results from the analyses of e.g.,
social networking sites, studies on IVA presented a wealth of concepts ranging from the
privacy calculus or privacy cynicism to privacy fatigue, for example. Arguing from a
scientific perspective, future studies need to address research desiderata stemming from
the dominance of qualitative studies or cross-sectional studies. Experimental testing of
models predicting user behavior is a promising approach for future research. In sum, the
present paper argues for a more user-centric approach that meets the complexity of the
psychology of human users in terms of cognitive, motivational-affective, and behavioral
processes involved.
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Abstract. An integrative perspective is developed onmemory performance in the
context of voice-based conversational agents (VCAs). Memory, as an outcome of
human-technology interaction, matters where technology is designed to enhance
knowledge and to function as a cognitive support tool and aide. To date, this has
meant focusing on the evaluation of specialist applications such as assistive and
educational technologies. The increased use of VCAs in everyday life, in the form
of smart speakers or as assistants for mobile phones, however, makes effects on
memory more relevant to a large user base. Adding VCAs to multi-functional
devices such as smartphones increases their potential to be taken as digital com-
panions and to make interactions with them more meaningful. This has impli-
cations for different types of memory, semantic and episodic/autobiographical.
Since memory is not stable, but malleable and context-dependent, its performance
is likely to be influenced by the wide range of social cues that VCAs can convey.
Further, VCAs can be expected to contribute to conversational engagement, the
general state of involvement in a conversational setting, which in turn influences
cognitive outcomes.

Keywords: Conversational agent · Digital companion · Conversational
engagement ·Memory

1 Introduction

This work aims to build an integrative perspective onmemory performance in the context
of voice-based technology, in particular of voice-based conversational agents (VCAs)
where user voice is the only means of operation and human-like speech is the main
output directed at a user.

Memory encompasses the encoding, storing and retrieval of information and as such
it is arguably involved in any complex human behavior. The question pursued here
concerns user memory performance as an outcome of human-technology interaction, in
contrast to retrieving information from user memory during interaction. Put differently,
performance refers to how much, and what sort of, information is remembered after an
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interactive technology has been queried. This matters in situations where technology is
designed to enhance knowledge, to educate and to function as a cognitive support tool and
aide. Investigating memory performance in such contexts has a long-standing tradition
in HCI, for example, when evaluating the outcomes of engaging with online learning
environments [1]. However, these traditional concerns about memory have shown little
resemblance to the quality of human-technology interaction that can be achieved by
voice-based services, although an integration of voice-based interaction is now within
easy reach for many day-to-day applications.

Voice and speech can be generated with increasingly human-like qualities. In many
situations, this means that the outcomes of human-technology interaction will resemble
more and more the outcomes of a conversation with a human interaction partner. The
interaction becomes more complex, richer in social cues and more natural in terms of
conversational structure and norms [2]. These changes should be most pronounced in
the case of technologies that are fully speech-based, i.e., they are voice-operated and
use speech as the sole output. These technologies are referred to here as voice-based
conversational agents (VCAs). Other forms of voice-based technologies may combine
auditory input and output with text and visual display, e.g., by reading back text input,
or by turning user voice into text.

1.1 VCAs in the Context of Media Equation and Digital Companionship

While it is possible to interact with a VCA on static computers or laptops, the two main
modes of use at present, arguably, involve smart speakers and mobile phones [3, 4]. Both
technologies have been shown to be subject to personification on the user’s side [5, 6],
and the user-technology relationship in the case of smartphones has been likened to one
of digital companionship [7].

The concept of digital companionship is based on media equation theory [8] which
states that the medium for information processing, the computer system, gets equated
with a human interaction partner [8, 9]. The reasons for this are seen to be based in our
human evolution: our ability to communicate has evolved with other human, or at least
animate, conversation partners. As a result, we are looking out for social cues during
complex interactions, and we respond to such cues in a way that presupposes another
human, not inanimate technology. Smartphones have been shown to hold a special place
in users’ networks of relevant social actors and technological devices, and they are
easily perceived to be part of a more meaningful relationship [7, 10] involving the user.
Similarly, interactive digital systems that make more use of social cues have been shown
to be more persuasive, i.e., to bring about higher levels of user compliance with system
requests [2, 11].

VCAs represent one more functionality that narrows the gap between human-human
and human-technology interaction. What is more, they easily add to the companion
nature of those technologies that are either always with us and close to us (smartphones),
or occupy a space in our personal living environment (smart speakers). So far, the effects
of VCAs have been discussed mostly in terms of user acceptance and general quality
of interaction [3–5]. An investigation of memory will help to further our understanding
when it comes to cognitive effects, which can be objectively measured, and the question
of deeper psychological changes brought about by technology.Whilememoryhas always
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been important as a performance indicator for some technologies, VCAs and digital
companions imply that memory for an interaction episode with technology can now
become relevant to the user for personal, self-related reasons. This development will be
outlined in the next sections.

2 Memory and Novel Forms of Human-Computer Interaction

2.1 Novel Research Questions Arising from Socially Complex Technology

Memory, it is argued, can be expected to be sensitive to the social cues that are included in
generated speech, but the determining processes and factors are likely to differ depending
on the type of memory that is under investigation.

The memory system in humans is complex and multi-faceted. The focus here is
firstly on declarative memory – information that is in principle accessible by the indi-
vidual through a conscious effort, and is represented by knowledge in a format that can
be communicated. A crucial distinction within declarative memory is the one between
semantic and episodic memory [12]. Not only do these refer to different types of knowl-
edge, to a certain extent they can be seen as two separate systems affected by different
processes.

Semantic memory consists of general, factual knowledge [13, 14]. In its simplest
form, this can include dictionary-type definitions (knowing what things or concepts refer
to) as much as shopping lists (knowing what items constitute the list) and exam revision
material (knowing which statements constitute relevant knowledge).

In the context of human-technology interaction, investigating performance in rela-
tion to semantic memory does not pose particular challenges. Clearly defined recall or
recognition tasks can be employed to assess whether information encountered during
interaction has been retained by the user. Traditionally, a driving research question has
been in which format knowledge should be organized and displayed by technology. In
the context of VCAs, however, novel questions arise which are concerned with the ways
in which social cues contained in speech allow for attention to be focused on, or diverted
from, a knowledge task.

Episodic memory refers to personal experiences, to events and situations that unfold
in a temporal sequence, remembered from a first-person perspective [15, 16]. Where the
emphasis is most strongly on personal life events, episodic memory is also referred to
as autobiographical memory [17].

In contrast to semantic memory, autobiographical memory is more clearly of a long-
term nature, carries self-relevance and is retrieved in a process of active construction
that draws dynamically on a knowledge base. While not all content of episodic memory
may conform to these parameters, episodic and autobiographical memory are used inter-
changeably here, in the interest of simplicity. The dynamics involved in the construal
of autobiographical memory are often due to the social context in which memories are
retrieved.

Traditionally, there has been little reason to rank interactions with technology as life
episodes of any longer-lasting relevance. In consequence, models of autobiographical
memory have not been applied to the outcomes of such episodes. The advent of realistic
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speech generation, however, combinedwith natural language processing capabilities and
algorithmically enhanced interaction, means that interacting with VCAs bears increased
resemblance to human-human communication and genuine conversational settings. As
such, interaction episodes become sufficiently socially enriched and complex to warrant
their investigation from the viewpoint of autobiographical experience. As with seman-
tic memory, the consideration of VCAs gives rise to novel questions that address the
meaningfulness of human-technology interaction and its effects on human cognition.

2.2 Effects of Digital Technology on Memory

Asoutlined in the previous section,VCAsnecessitate a rephrasingof established research
questions. In the following, a brief overview is provided over different approaches to
memory in HCI-related research. This overview, while not claiming to be exhaustive,
demonstrates that an understanding of the malleability of memory is essential in order
to address the cognitive consequences of interacting with VCAs.

Memory as a Performance Measure of Digital Technology. Memory performance
has been studied in those domains where it is an outcome variable of immediate interest
because the technology is supposed to provide support for it and other cognitive func-
tioning. In educational settings, studies on online learning and training have investigated
learner memory in the form of knowledge tests and other standard assessments of infor-
mation retention and information accessibility. General findings in the field are by no
means conclusive, in particular when the scaling up and wider implementation of digital
learning environments are evaluated [1].

Specific interactive features and functionalities within such learning environments
in the form of learning assistants have been shown to improve memory [18]. However,
memory enhancement can still fluctuate across studies and environments, even for highly
specific functions, andmay be down to particular design features andwider context. Con-
sider, for example, findings that ascribe a positive memory effect to instructor visibility
in instructional videos [19] compared to those that do not [20].

A particular feature of learning systems that is closely related to VCAs are chatbots.
These text-based conversational agents have been found to be particularly suitable for
self-directed learning since they provide individualized support and feedback on learning
progress in a flexible manner. These claims have been supported by a variety of studies
showing positive effects on memory, for example in the context of IT university studies
[21], foreign language learning [22] and general knowledge [23]. While these findings
can be expected to transfer easily to VCAs, any additional effects due to the social cues
contained in human-like generated speech and the context of amore life-like conversation
remain to be tested.

Another area where technology-supported memory has received particular attention
concerns assistive technologies for specific populations with cognitive impairments or
disabilities that affect learning and retention [24]. This iswhere voice-based functionality
is given added relevance since the engagement with technology itself is often limited in
such populations [25].
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Non-interactive forms of voice-based features are used in assistive technologies
in the form of text-to-speech tools, and these have been shown to improve reading
comprehension in the case of reading disabilities [26]. VCAs have been proposed where
users can be expected to benefit the most from human-like interactions as in the case of
dementia [27]. However, a rigorous assessment of the effects on memory is at present
not available.

Changing the Organization and Accessibility of Knowledge in Memory. Next to
studies that have evaluated the effectiveness of specific features and functionalities,
other work has investigated the more pervasive effects on memory that may come from
extended interaction with digital technology. This work is concerned not so much with
memoryperformance, as a criterionof success, butwith the organization and accessibility
of knowledge in memory. Sparrow, Liu, and Wegner [28] found that being faced with a
knowledge gap in a difficult quiz activated the concept of Google as a search engine in
participants. Their interpretationwas that Google search had become part of a transactive
memory system with users and was accessed routinely to supply information that was
not retrievable from the user’s knowledge base. Sparrow and Chatman [29] go on to
outline how the investment and distribution patterns of human cognitive resources may
change in the face of ubiquitously available online information.

In a similar vein, Storm and Stone [30] demonstrated how the act of saving infor-
mation digitally freed up cognitive capacity for the learning and remembering of new
information. This off-loading of memory again suggests that digital systems can be used
as external memory stores – not external to a central computational device, but external
to the human memory system [31].

The concepts of off-loading and transactive memory concern first and foremost
semantic memory. Far less is known about effects on autobiographical memory, its struc-
ture and the ways in which episodes are constructed from memory. Some researchers
have argued that technologies that help us in the charting of everyday life and recording
of personal information, namely social media, can stimulate autobiographical mem-
ory through reminiscence. This is a process of repeated rehearsal of past events, often
directed at social relationships and joint experiences [32]. To the extent that social media
can showcase specific pieces of personal information, they can also shape and guide
reminiscence, for example by drawing attention to past friends [33].

There is at present a marked absence of research to outline the effects of VCAs
on autobiographical memory. Reminiscence through social media is still reminiscence
regarding the interaction with other humans. Carrying further the concept of digital
companionship, however, requires to consider reminiscence regarding the interaction
with VCAs. Similarly, transactional memory has been discussed in the context of passive
technologies such as search engines, not in relation to highly interactive agents.

In sum, then, memory research in the context of HCI offers some insights into effects
on both semantic and episodic memory that may translate to VCAs, but more theoretical
elaboration is needed to fully assess the potential that VCAs carry. In the following,
therefore, more consideration will be given to the malleability of memory performance
and its general dependency on environmental conditions.
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2.3 Context-Dependent Memory

Psychologicalmodels that implymalleable and context-dependentmemory performance
illustrate what factors in a more naturalistic human-VCA interaction are likely to affect
memory. Memory has been shown to depend on social cues during the encoding and
retrieval process. Socially motivated information processing, transactive memory and
theories of a dynamic autobiographical memory system are the three main frame-
works that allow for addressing the novel research questions associated with VCAs.
As stated previously, these questions concern the ways in which social cues steer atten-
tion (for semanticmemory) and theways inwhichwe respond tomeaningful and socially
significant interactions with technology (for episodic memory).

Regarding socially motivated information processing, a fundamental factor concerns
animacy. Animacy refers at first to the perceived nature of the stimulus to be remembered
(animate, in the sense of alive). Research has consistently shown that animate stimuli
improve memory performance [34]. Animacy further affects language comprehension
and the organization of knowledge in memory [35]. These effects are explained by the
richer,more detailed encoding that is possiblewith animate stimuli [36] and the increased
allocation of attentional resources to animate versus inanimate stimuli [37]. To be clear,
research on animacy and memory has addressed the animate nature of the stimulus, but
not of the medium. Still, it can be speculated that a more life-like, animate source of
information, as constituted by VCAs, has similar effects.

Further forms of socially motivated information processing concern self-relevance
and social categorization in the context of ingroup and outgroupmembership. Intergroup
settings provide strong drivers for selective attention and selective memory, and this
extends to all information that can to some extent be associated with such settings.
For example, better memory has been demonstrated for positive behaviors in ingroup
members as compared to outgroup members [38]. These biases are explained in terms
of ingroup favoritism, to preserve a positive ingroup identity [39]. Beyond favoritism,
however, research has also shown that there is a general increase inmemory performance
for information relevant to the ingroup, rather than the outgroup, because ingroupmatters
command more attentional resources [40]. Transferring these findings to the domain of
technology, VCAs are suited to the signaling of social group membership through a
range of linguistic markers, and carry the potential to activate an awareness of ingroups
and outgroups.

Transactive memory systems [41, 42] have already been used to explain how users
turn to the Internet automatically to fill in knowledge gaps [28]. VCAs, however, can be
a far more active component in transactive memory. They have the potential to take on
different social roles and to simulate closeness and rapport to the extent that dynamics
can be expected as they have been documented in human dyads and teams. Memory
performance has been shown to be affected by the social characteristics of a team such
as social closeness, familiarity and gender [43, 44]. It is worth noting that socially
positive characteristics do not necessarily lead to better performance. Being teamed up
with friends is more likely to reduce an individual’s memory performance [43, 44].
This can be explained by an adaptive process that is at the core of the transactional
memory system. An individual’s information processing is based on assumptions about
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the knowledge structure of others in the system, and as such, efforts may be reduced
when in the presence of reliable partners [45].

A much deeper-running level of self-relevance than discussed so far is at play when
human-technology interaction turns intomeaningful social experiences andbecomespart
of the knowledge base that underlies autobiographicalmemory. The functions and drivers
associated with this type of memory are complex and go beyond those associated with
semantic memory. Autobiographical memory refers to, as stated previously, personal
experiences stored long-term but retrieved in an active and dynamic process [46–48].
In this perspective, autobiographical memory draws on a self-memory system, a more
stable, long-term storage, but the assembly of episodic building blocks is not always the
same and depends on goals of the working self, i.e., on the current psychological state
of the individual [47].

While VCA-based interactionsmay show suitable complexity in order to be included
in an autobiographical memory system, they also need to display sufficient levels of
personal relevance. How can the meaningfulness of such interactions be determined?
This may well depend on the extent to which VCA-based interactions can fulfil the
various functions that have been ascribed to autobiographical memory. These functions
have been labelled as “self”, “social” and “directive” [49–51].

Self-based functions are those that provide a sense of coherence, identity and continu-
ity. Remembering the past, as a sequence of actions, developments and events involving
the self, helps to achieve this. Social functions refer to the maintenance of intimacy, to
social bonding and to the upkeep of relationships. Reminiscence, recall of joint activi-
ties, instances of support and positive social exchanges all cater to the social needs of
the individual. Directive functions provide guidance and orientation in the present, they
support decision-making and goal formation. This functional account illustrates how
strongly the current psychological needs of the individual determine what gets remem-
bered and how. It also helps to identify how exactly VCAs could become part of this
memory system.

In terms of self-based and social functions, VCAs are unlikely to be able to fully
compete with human interaction partners. They have neither the durability nor the level
of intimacy that come with the friends that really matter. However, echoing again digi-
tal companionship, VCAs can emulate weaker forms of human-human interaction and
may be able to address self-based and social functions much more than less interactive
technologies. In terms of directive functions, past interactions with VCAs may well
constitute relevant informative experiences that provide guidance in the present. Psy-
chologically meaningful interactions could result when the VCA meets urgent support
needs (e.g., calling for help in emergency), when the VCA plays an instrumental role
within a wider social context (e.g., communicating with friends, being used for a joint
activity), or when the VCA enhances an episode of personal relevance (e.g., keeping a
holiday organized).

In sum, the memory processes discussed allow for a theoretically informed iden-
tification of those characteristics that will make interactions with VCAs more or less
memorable. Naturalness of voice, familiarity or resemblance with specific others, sig-
naling ingroup membership, conveying impressions of competence and reliability are
some of the factors that come with VCAs and that have been shown to affect human
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(semantic) memory. In addition, the potential for a socially meaningful interaction expe-
rience, a genuine conversational setting, is likely to extend effects on semantic memory
to episodicmemory. This depends on the capacity ofVCAs to fulfil one ormore functions
that are typically ascribed to autobiographicalmemory (self-based, social, directive). The
theoretical and methodological challenges that come with this extension are addressed
next.

3 Conversational Engagement and VCAs

Any effects of VCAs on human memory are of particular interest where they are
“unique”, i.e., occur over and above those of comparable technologies such as text-
based chatbots. Such unique effects can come from multiple sources. First of all, there
are aspects of language and the illusion of natural speech. This includes all paraver-
bal signals associated with language: cadence, flow, timbre, rhythm, speed, prosody
etc. Paraverbal signals can be expected, first of all, to affect perceptions of animacy.
Then there are aspects of familiarity and speaker identity. Is the voice characteristic
and conducive towards creating a virtual identity? Is the voice modelled on genuine,
recognizable humans like the self or close others? Does the voice suggest any particu-
lar societal group or stratum? These aspects will trigger effects associated with social
cognition and transactive memory.

In addition, beyond the technical aspects of speech generation, there is the question
of how VCAs are integrated in devices to form a new, consistent whole that acts as
conversation partner. A smart speaker does not explicitly offer any functionality other
than voice-based interaction. The device is merely the embodiment of a VCA, typically
with a fixed spatial location. Mobile phones seem to be on the other end of the spectrum.
Mobile phones are normally smartphones, devices optimized for screen-oriented, hand-
held use, inviting haptic interaction and online connectivity, next to the original function
of being a telephone. Yet, in terms of providing VCAs an environment in which they
can take on character and meaning, mobile phones offer great potential.

Bringing this multitude of factors back to systematic research on memory perfor-
mance poses a serious challenge. One avenue for further research is to isolate factors
and subject them to experiment-based scrutiny. To date, this approach has been used
to derive a robust hypothesis and method for studying the effects of voice on semantic
memory [52], but more work in this area is needed to build a reliable empirical support
base.

A second avenue consists in defining and capturing more inclusive concepts from
conversational analysis that help to predict what happens as the overall quality of
the interaction changes. Conversational engagement is proposed here as such a con-
cept which has been developed specifically in the context of computer-mediated
communication [53, 54].

Conversational engagement refers to the general state of activation and readiness
to respond in conversational settings. Engagement is an indicator for immersion in the
situation, the amount of cognitive resources and attention devoted to the conversation,
and the general degree of social involvement.
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Engagement has been conceptualized as a multi-dimensional construct encompass-
ing wider bodily movement, gesturing, facial expression, but also paraverbal and verbal
signals [54]. Its operationalization in research is likewise multi-dimensional, ranging
from real-time motion capture to in-depth content analysis of recorded conversations.

Crucially, engagement has been related to cognitive conversational outcomes, and
increases in engagement have been shown to lead to increasedmemory for conversational
content [53]. Recall of content here did not happen as in the recall of pre-defined pieces
of information, but in a wider sense as the recall of any aspect of the interaction that
has left some longer-lasting impression on conversation partners. This suggests that
engagement is a suitable concept for investigating effects on autobiographical, and not
just semantic, memory.

In sum, conversational engagement offers a sufficiently complex concept to capture
(a) the various ways in which VCAs can enhance and enrich human-technology inter-
action and (b) the various cognitive outcomes and different types of memory affected
by such enhancement. The approach presented here seems to be particularly suitable
where technology is already multi-functional and rich in affordances. It may be there-
fore that VCAs and mobile phones form the best area of application, as compared to
smart speakers. Importantly, conversational engagement is not only a particular theo-
retical approach, but implies a clear set of methods and measures. While engagement
has been previously applied to computer-mediated human-human settings, the tran-
sition to human-technology settings can be achieved seamlessly by adapting existing
methodology [53].

4 Conclusions and Implications

In conclusion, VCAs present another milestone on the ongoing journey of technology
towards becoming a complex conversation partner. A core outcome of conversational
settings concernsmemory, in the formof factual knowledge, but also in the formof stored
personal experiences. VCAs add to the potential meaningfulness of human-technology
interaction, and their cognitive effects should be assessed by both semantic and episodic
memory performance. A summary of concepts and processes discussed in the present
work is presented in Fig. 1.

Studies that have highlighted the context-dependency of memory can be utilized
to identify a range of factors that fall under the social cues that VCAs can convey:
animacy, familiarity, group membership and identity, team roles in transactive memory
systems can all be signaled effectively through generated speech. In addition, models
of autobiographical memory help to identify conditions under which human-technology
interaction will acquire increased meaning and significance, namely when self-based,
social and directive functions ofmemory are addressed by the technology. The theoretical
integration presented here therefore allows for the derivation of testable hypotheses for
further empirical study.

In addition, the effects of VCAs can also be addressed by recent work on conversa-
tional engagement, a broad construct that situates the link between VCA and memory
outcomes in a wider framework of the effectiveness of conversational settings. This app-
roach lends itself to further research since it specifies not only variables that influence
engagement, but also a methodology to capture engagement and its outcomes.
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Fig. 1. Summative presentation of concepts and processes that integrate VCA characteristics,
memory processes, and conversational engagement.

Next to the implications for research, the present investigation of memory is also
intended to benefit developers and service providers as well as users. The increased
use of VCAs in everyday life, in the form of smart speakers or as assistants for mobile
phones, makes effects on memory more relevant to a large user base. Developers should
consider how different aspects of generated speech affect human cognition and leave
enough room for a flexible customization of speech output. Further, the choice of default
settings for generated speech should also be informed by the likely effects on user
memory. Service providers need to make conscious decisions as to the social role they
envisage their products to play, and what users should be expected to “take away” from
interacting with VCAs. Users, then, are best empowered by an awareness of the effects
of VCA engagement, beyond mere appeal of the interaction. This will help them to
choose system settings, contexts for use, and interaction goals in a more self-determined
way. As technology becomes a conversational partner, such an awareness will maintain
necessary levels of digital literacy and competence.
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Abstract. WeChat guide system iswidely applied for events and activities in exhi-
bition venues. This paper firstly definesWeChat guide system in exhibition venues.
Then, two surveys concerning Xiamen International Conference and Exhibition
Center are conducted with the methods of interview and questionnaire in order to
explore the current situation of guide service in exhibition venues. Based on the
elements of user experience and the survey results, product positioning, feasibil-
ity evaluation, users’ demand and key technologies of WeChat guide system are
analyzed. In the designing process, we focus on system visual design and system
framework design (i.e., User Interface andAdmin Zone) forWeChat guide system,
taking Xiamen International Conference and Exhibition Center as the example.
The design ofWeChat guide system in exhibition venues contributes to promoting
efficient operation and intelligent management in Smart MICE industry.

Keywords: Guide system · WeChat · Exhibition venues · Design · The Elements
of User Experience

1 Introduction

Smart MICE is a new concept and phenomenon with the combination of information
and communication technologies, which shows the upgrade and transformation ofMICE
[1, 2]. Theoretical and practical studies on Smart MICE have achieved more and more
attention from researchers and practitioners for the industry, such as technological appli-
cations in conference centers [3, 4] and exhibitions [5–8], exhibition system designs
[9, 10], or the attitudes towards technologies in the industry of conferences [11] and
exhibitions [12]. Compared with previous research which focused on virtual or smart
exhibition system design, this paper is aimed at designing a WeChat guide system in
the environment of exhibition venues, so as to promote intelligent applications in Smart
MICE.

2 Concept and Theoretical Model

2.1 WeChat Guide System in Exhibition Venues

Guide system is a comprehensive system which is composed of signs, navigation sign-
boards, electronic devices, etc. It provides tourists with interpretation, guidance and
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other service functions and plays the role of positioning, guidance, recognition and
regulation [13]. Employing such forms as text labels, broadcasting voice equipment,
intelligent equipment and professional staff, the guide system is now commonly applied
for the application of guide system in scenic spots, museums, art galleries, archives and
libraries, mainly based on manual- or audio-guide. Exhibition venues are large architec-
tural complexes that provide the main buildings and auxiliary functions for conferences
and exhibitions, including both hardware and software [14]. According to their usage,
scale, content, nature and function, exhibition venues can be specifically divided into
different categories [15].

WeChat is a popular free social applicationwhichwas launched byTencent in 2011. It
provides instant messaging services for smart terminal devices, characterized by instan-
taneity, superb performance, strong relational socialization, and decentralization [16].
WeChatOfficial Platform, also referred to asWeChatOfficial Accounts, includes Service
Account, Subscription Account and Mini Program. The Service Account is an official
service platform that provides business service and user management capabilities for
enterprises and organizations. The Subscription Account disseminates information for
media and individuals. The Mini Program is an easy program by scanning or searching,
without any downloading or installation. This paper aims to design a WeChat guide
system in the form of Service Account, taking Xiamen International Conference and
ExhibitionCenter (hereinafter referred to asXICEC) as the example. Based on the above-
mentioned, WeChat guide system in this paper is an intelligent service platform which
provides information, sign guidance, position identification and public surveillance for
visitors in conference, exhibition and event venues.

2.2 The Elements of User Experience

User experience is referred to as the behaviors, reactions and feelings which are triggered
in the process of product use by customers, and can be divided into five-level elements,
including strategy, scope, structure, skeleton and surface [17], as shown in Fig. 1.

Fig. 1. The elements of user experience (Source: http://www.jjg.net/eleme [17])

http://www.jjg.net/eleme
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WeChat guide system in exhibition venues is designed from the concrete to the
abstract. According to the Elements of User Experience [17], user needs are externally-
derived goals for the site which are identified through user research, while site objectives
are business, creative or other internally derived goals for the site in the strategy level.
Functional specifications are the feature sets for detailed functional descriptions that the
site must include. Content requirements are the definitions of content elements required
in the site. Both of functional specifications and content requirements aim to meet user
needs in the scope level. In this paper, product positioning, feasibility evaluation, users’
demand analysis of this systemwill be carried out based on the results of interview survey
and questionnaire survey, corresponding to the strategy level and the scope level. In the
structure level, interaction design is the development of applicationflows to facilitate user
tasks, defining how the user interacts with site functionality. Information architecture is
the structural design of the information space to propel intuitive access to content. In the
skeleton level, interface design is the design of interface elements to promote the users’
interaction with functionality. Navigation design is the design of interface elements to
push the users’ movement through the information architecture. Information design is
concerning with the presentation of information to facilitate the users’ understanding.
Visual design is graphic treatment of interface elements and visual treatment of text,
graphic page elements and navigational components in the surface level. In our paper,
key technology analysis will be conducted. Moreover, visual design and framework
design of WeChat guide system, including information architecture and module content
design will proceed in the level of structure, skeleton and surface.

3 Current Situation Survey of Guide Service in XICEC

3.1 Methodology

The current situation of guide service in XICEC is investigated by means of interview
survey and questionnaire survey. We selected three professionals as interviewees and
took their advice on the questionnaire of pilot study. Then, we revised the questionnaire
and collected data for the current situation of guide service in XICEC. Statistical analysis
was conducted for subsequent WeChat guide system design as references.

3.2 Interview Outline and Questionnaire

Taking the researchpurpose into consideration, the interviewoutline of this study consists
of nine questions. In the process of interviews, more related and open questions are
provided according to the actual conditions, as the outline served as a subsidiary.

The final questionnaire includes three types of items, which are the current situation
of visitors’ behaviors and preferences (i.e., frequency, information access, reasons for
visiting, pre-exhibition, on-site and post-exhibition behaviors, etc.), the current situation
of guide service in XICEC (i.e., forms and evaluation of used guide service, suggestions
for improvement, service function demand, etc.), and demographics (i.e., age, education
background and occupation). Due to space limitation of this paper, the interview outline,
questionnaire and data in this study are available on request from the corresponding
author.
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3.3 Findings of the Survey

According to the interviews from three experts, it is found that: (1)WeChat guide system
in exhibition venues should be a mobile client-based application system that customers
can actively access information. (2) It is crucial to define users for this system.The system
should provide information for different users (such as organizers, exhibitors and pro-
fessional visitors), in which they can classify, identify and search. (3) Key technologies
in WeChat guide system design include computer network, wireless communication,
LBS, object-oriented programming, positioning and navigation, etc. (4) The interface
design should be user-friendly and convenient, and the functions in the system should
be classified in detail as well. All of these proposals are accepted and followed in the
process of WeChat guide system design.

Questionnaire data were collected anonymously from January 15 to February 23,
2017 by Wenjuanxing Platform, focusing on people who have visited XICEC before. A
total of 400 questionnaireswere distributed and 375 questionnaireswere returned, among
which, 371 were complete and usable for further analysis, with the valid response rate
of 92.75%.

The majority of the respondents were within the age range of 31–40 years old
group (36.93%), mostly with bachelor’s degree (64.15%). In terms of occupations, the
respondents were engaged in administration and logistics (16.44%), sales (14.56%)
and marketing and public relations (12.13%), respectively. Table 1 shows demographic
characteristics of the respondents.

Table 1. Social-demographic information of the questionnaire sample (N = 371)

Variable Options n %

Age ≤30 162 43.67%

31–40 137 36.93%

41–50 62 16.71%

51–60 9 2.43%

≥60 1 0.27%

Educational background Junior college and below 104 28.03%

Undergraduate 238 64.15%

Graduate 29 7.82%

Occupation Administration & logistics 61 16.44%

Sales 54 14.56%

Marketing and public relations 45 12.13%

Finance and audit 44 11.86%

Customer service 42 11.32%

Production 41 11.05%

Human resources 35 9.43%

Full-time student 21 5.66%

Others 28 7.55%
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Table 2 shows the results of descriptive analysis of visitors’ behaviors and prefer-
ence in XICEC. Most of the respondents have visited XICEC for 1–3 times (43.13%)
and 4–6 times (40.97%) per year. They made preparation by WeChat or Weibo official
account of XICEC and exhibitions (72.24%) or consulting others (62.53%) before the
exhibition. The main reason for their visiting an exhibition is to obtain industry-related
information (53.64%). Most of them took photos (62.52%) and searched for information
by mobile devices (69.27%) during the exhibition. They were willing to make further
communication with exhibitors (75.2%) after the exhibition. Respondents enjoyed the
forms of exhibition in graphic interpretation (48.52%), physical display (39.08%), video
interpretation (36.12%), audio interpretation (31.81%), virtual reality (31.54%), scene
reconstruction (27.76%) and interactive multimedia (12.13%). The existing problems in
XICECare inadequate exhibits’ information (76.82%), insufficient publicity for support-
ing activities (64.69%) and crowded exhibition environment (44.2%). More information
can be found in Table 2.

Table 2. Descriptive analysis results of visitors’ behaviors and preferences in XICEC (N = 371)

Variable Options n %

Average times of visiting exhibitions
per year

1–3 times 160 43.13%

4–6 times 152 40.97%

7–9 times 48 12.94%

>9 times 11 2.96%

Access to information before the
exhibition
(Multiple choices)

WeChat or Weibo official account of
XICEC and exhibitions

268 72.24%

Consulting others 232 62.53%

websites of XICEC and exhibitions 170 45.82%

Visiting the exhibitions without
preparation

52 14.02%

Others 5 1.35%

Reasons for visiting exhibitions
(Multiple choices)

To obtain industry-related
information

199 53.64%

Interest in supporting activities 153 41.24%

Interest in exhibits 133 35.85%

Accompanied visits 122 32.88%

To enrich the spare time 114 30.73%

Free tickets 69 18.6%

Others 3 0.81%

Visiting behaviors
(Multiple choices)

Taking photos 232 62.53%

Appreciating the exhibits 174 46.9%

Taking part in booth activities 169 45.55%

(continued)
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Table 2. (continued)

Variable Options n %

Recording information 122 32.88%

Taking part in supporting activities 88 23.72%

Others 3 0.81%

Ways to learn about the exhibits
(Multiple choices)

Searching for information by mobile
devices

257 69.27%

Browsing information by brochure 193 52.02%

Consulting exhibitors 180 48.52%

Bringing confusions home for further
inquiry

118 31.81%

Others 3 0.81%

Post-exhibition behaviors
(Multiple choices)

Further communication with
exhibitors

279 75.2%

Sharing photos onto social media 243 65.5%

Purchasing intended products 173 46.63%

Others 7 1.89%

Forms of exhibition & interpretation
(Multiple choices)

Graphic interpretation 180 48.52%

Physical display 145 39.08%

Video interpretation 134 36.12%

Audio interpretation 118 31.81%

Virtual reality 117 31.54%

Scene reconstruction 103 27.76%

Interactive multimedia 45 12.13%

Others 2 0.54%

Existing problems in XICEC
(Multiple choices)

Inadequate exhibit information 285 76.82%

Insufficient publicity for supporting
activities

240 64.69%

Crowded exhibition environment 164 44.2%

Others 4 1.08

Table 3 reveals current situation of guide service in XICEC. Most of the respondents
have used the service in booth layout (71.43%), navigation signs (53.37%) and staff con-
sultation (51.75%). 70.35% of the respondents made evaluations of “extremely good”
and “good” for guide service in XICEC. With regard to the demand of service improve-
ment, they showed strong preference for the extension of interpretation forms (60.38%),
the provision of self-guidance mobile service (45.82%) and personalized guidance ser-
vice (40.16%). 56.44% of the respondents felt “very satisfied” or “satisfied” with guide
and navigation service in “iConvention” of XICEC. During the exhibition, 50.43% of
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the respondents used “iConvention” service for 1–3 h. They showed the service function
demand for WeChat guide system mainly concerning tour guide tips (47.17%), audio
interpretation (36.39%), navigation (32.88%) and exhibits index (32.08%). More details
can be found in Table 3.

Table 3. Current situation of guide service in XICEC (N = 371)

Variable Options n %

Used guide service
(Multiple choices)

Booth layout 265 71.43%

Navigation signs 198 53.37%

Staff consultation 192 51.75%

Map navigation in WeChat official
account

110 29.65%

Others 2 0.54%

Evaluation of used guide service Extremely good 89 23.99%

Good 172 46.36%

General 81 21.83%

Bad 26 7.01%

Extremely bad 3 0.81%

Service improvement demand
(Multiple choices)

To extend the forms of interpretation 224 60.38%

To provide self-guidance mobile
service

170 45.82%

To provide personalized Guidance
service

149 40.16%

To add more exhibits information 129 34.77%

To provide interactive community
online service

127 34.23%

Others 2 0.54%

Follow and subscribe “iConvention” Yes 348 94.07%

No 23 5.93%

Map navigation function usage in
“iConvention”

Yes 288 77.65%

No 83 22.35%

Visitor satisfaction with guide and
navigation in “iConvention”

Very satisfied 36 9.74%

Satisfied 173 46.7%

General 99 26.65%

Dissatisfied 48 12.89%

Very dissatisfied 15 4.01%

(continued)
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Table 3. (continued)

Variable Options n %

“iConvention” service time for
visitors

<1 h 88 23.78%

1–3 h 187 50.43%

4–6 h 78 20.92%

>6 h 18 4.87%

Service function demand for
WeChat guide system
(Multiple choices)

Tour guide tips 175 47.17%

Audio interpretation 135 36.39%

Navigation 122 32.88%

Exhibits index 119 32.08%

Exhibition news 111 29.92%

Supporting activity application 73 19.68%

Exhibition-related games 62 16.71%

Route recommendation 53 14.29%

Venue map 49 13.21%

Souvenir online store 15 4.04

Interactive community 14 3.77

Volunteer application 12 3.23

Others 2 0.54

4 Evaluation and Analysis of WeChat Guide System

4.1 Product Positioning Analysis

According to the survey results above, WeChat guide system in exhibition venues is a
mobile client-based WeChat official account application system, which provides infor-
mation and services such as show-and-tell, booth guide and getting help for organizers,
exhibitors and professional audiences. It is designed with diversified functions, detailed
classification, user-friendly interface and easy operation.

4.2 Feasibility Evaluation

First, it is unnecessary for audiences to download independent App, for WeChat guide
system can be found by searching the keyword in WeChat. Second, based on the orig-
inal version of “iConvention” official account, we will design, adjust and supplement
the functions of current WeChat Guide system to save cost in development. Third, the
performance of DHTML (DynamicHTML) technology and interface calling technology
are relatively mature and stable, and easy to master and control. Fourth, there are a great
number of open-source codes available in the network forum for us to design this system.
Moreover, as the most influential conference and exhibition center in Fujian Province,
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XICEC owns fixed brand activities, including China International Fair for Investment
and Trade (CIFIT), China Xiamen International Stone Exhibition, China Xiamen Inter-
national Buddhist Items & Crafts Fair, China Xiamen International Tea Industry Fair,
Cross-Strait (Xiamen) Cultural Industry Expo, etc. Therefore, it is feasible to design and
develop XICEC WeChat guide system.

4.3 Users’ Demand Analysis

According to aforementioned survey results, the primary demand of visitors is to obtain
industry-related information, while others are to observe exhibits and participate in post-
conference and post-exhibition activities. Respondents are hopeful about the functions of
exhibition tips, voice explanation, indoor navigation, exhibits index, route recommenda-
tion, interactive games, etc. Therefore, users’ demands of WeChat guide system in exhi-
bition venues are categorized into basic demand, expectation demand, and excitement
demand, according to the priority.

In the respect of basic demand, there are three sub-systems, including Information
Release System, Event Registration System and Graphic Navigation System. Informa-
tion Release System is a service platform to release information about the exhibition
halls, exhibitions, exhibitors, exhibits and exhibition guide to the public. Event Regis-
tration System is oriented toward users’ publishing information and registering online.
Based on the content and nature of exhibits, Graphic Navigation System is developed
for users to select exhibition halls and booths, and click on the exhibit information list
to get more detailed information.

In the respect of the expectation demand, there are five sections, which are Audio
Guide System, Route Guide System, Interactive Community System, Volunteer Regis-
tration System, and E-commerce System. (1) Audio Guide System provides real-person
automatic human-voice guide service. Visitors can observe the exhibits while listening
to the guide after selecting and confirming the exhibits by clicking. (2) Route Guide Sys-
tem is endowed with two functions, which are Indoor Map and Route Recommendation
in the venues. Visitors can check the details of the exhibition hall and the panorama of
the site through the scale zooming of the Indoor Map. Route Recommendation includes
Popular Routes and Customized Routes. Visitors’ comments and likes will generate the
data and information of popular routes and update them in real time. Visitors can also
customize their unique routes based on their needs. (3) Interactive Community System is
composed of Visitor Information Release, Q&A and Sharing. Visitors can release texts,
pictures, emojis and videos for content creation and information dissemination, making
their communication more convenient in real time and satisfy their social needs. (4)
Volunteer Registration System provides the information about the theme, time and loca-
tion of activities, consultation and registration, volunteer hours and service certificate
application. (5) E-commerce System offers services such as Shop Recruitment, Online
Order, Payment and Express Transportation.

In the respect of excitement demand, there are In-pavilionNavigation andExhibition-
related Games. The former comprises quick location and booth search, while the latter
helps visitors to kill their spare time and relax themselves.
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4.4 Key Technology Analysis

Taking the design ideas for reference [18], this paper proposes to design aWeChat guide
system, which employs HTML, CSS, JavaScript as key technologies, Bootstrap as the
front-end framework, Browser/Server (B/S) as the architecture, Linux as the operating
system, PHP 5.3 as the programing language, Sublime Text 3 as the code editor, Apache
HTTP server as the web server, MySQL database as the data storage and management
database. There are predefined functions in the interface development of the WeChat
Guide System to reduce developers’ workload. In the interface call, the login account
interface is designed for one-key associated bindingwithQQ account andWeibo account
based on account authentication.

5 Design Process of WeChat Guide System

5.1 System Visual Design

Current product designmainly follows flat design,which iswidely used in digital product
design. It is characterized by concise interface layout, simple diagrams and elements,
and clear design scheme. The design of WeChat Guide System in XICEC also follows
the idea of flat aesthetics and the principles of simplification, clarity and integrality. It is
designed with pure color and gradient color with a certain amount of animation effects
and video elements, so as to achieve a vivid and independent presentation of the product.

5.2 System Framework Design

WeChat guide system in XICEC follows the design principles of WeChat Official
Accounts. In order to reduce users’ interference, the homepage of this system involves
three custom menu options with no more than four layers in the system architecture.
Each function module is clear and independent, so that there is no overlap. WeChat
guide system of XICEC is composed of WeChat user interface and Web admin zone.
Three custom menu options on the home page of this system include iMICE, iSer-
vice and iWonder, which meet the basic demand, expectation demand, and excitement
demand, respectively. Targeted customers include organizers, exhibitors and audiences.
Venue staff and system administrators are users of Web admin zone to accomplish daily
management, maintenance and data statistics.

Firstly, there are four paths from the home page to the secondary page of “iMICE”,
which are Home → i MICE → Exhibition Preview, Home → iMICE → Convention
Preview, Home→ iMICE→Tour Guide, andHome→ iMICE→Route Recommenda-
tion. Moreover, there are four paths from the second-level page to the third-level page of
“iMICE”, including Tour Guide &Navigation→Guide to the Exhibition, Tour Guide &
Navigation→ExhibitionMap, Route Recommendation→Guide to the Exhibition, and
Route Recommendation → Exhibition Map.
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Secondly, the four paths from the home page to the second-level page of “iService”
are as follows, i.e., Home → iService → My Order, Home → iService → Exhibition
Equipment Service, Home → iService → Network Service, and Home → iService →
Peripheral Service.

Thirdly, there are five paths from the home page to the second-level page of “iWon-
der”, which are Home → iWonder → Exhibition Information, Home → iWonder →
iActivities,Home→ iWonder→ iCommunity,Home→ iWonder→ InteractiveGames,
and Home→ iWonder→ Souvenir Online Store. Furthermore, there are two paths from
the second-level page to the second-level page of “iWonder”, i.e., Souvenir Online Store
→ Exhibition Information and Souvenir Online Store → iActivities. There are three
paths from the second-level page to the third-level page of “iWonder”, i.e., iCommu-
nity→ Interactive Community, iCommunity→Q&ACommunity, and iCommunity→
Shared Community.

Fourth, there are four paths from Web Admin Zone to its second-level, i.e., Web
Admin Zone → Account Management, Web Admin Zone → Function Management,
Web Admin Zone → Data Statistics, and Web Admin Zone → Settings.

The information architecture andmodule contents ofWeChat guide system inXICEC
are shown in Fig. 2.

Fig. 2. Information Architecture and Module Contents of WeChat Guide System in XICEC

6 Conclusions

This paper defines WeChat guide system in exhibition venues firstly. Based on survey
results of current situation for guide service inXICEC,visitors’ behaviors andpreference,
existing problems in XICEC, and service function demand for WeChat guide system are
investigated. Taking the elements of User Experience as theoretical model, WeChat
guide system is designed according to product positioning, feasibility, users’ demands,
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key technologies, visual design and framework design. The application of this WeChat
guide system will promote the development of Smart MICE informatization, and the
intelligent operation of conference & exhibition centers in China. Future research can
focus on the application and expansion of relevant theories, such as intelligence, Internet
of things and big data in Smart MICE, in order to achieve “smartness” in the real sense.

Fundings. This work was supported by the National Social Science Fund of China under No.
16CGL021.
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Abstract. In order to relax in everyday life, people use music from a
sound carrier. The choice of music is made intuitively and according to
one’s musical preference. In a therapeutic context, these processes are
professionally guided. In so-called receptive music therapy, the patient
and therapist listen to music together.

The psychological processes triggered by this (e.g. imaginations, mem-
ories) are worked through in therapeutic conversation. But professional
music therapy is not always feasible, as getting an appointment could
take some time, the need for receptive music therapy is urgent at the
time the treatment is not available, etc. Furthermore, voice assistants
are increasingly dominating everyday life and represent an easy way to
perform various tasks with minimal effort. The areas of application for
voice assistants are diverse and range from answering simple information
questions to processing complex topics and controlling various tasks.

Given these considerations of the wide availability and ease of use, a
pilot study was designed to combine the effective approaches of music ther-
apy with modern voice assistants. The study entails one interaction with
an Alexa Skill allowing a music-imaginative journey in an interactive man-
ner, and a control condition without interactive parts using a CD.

21 participants took part in the study, of which first analyses are pre-
sented in the paper. Especially results regarding the analyses of the user
experience (AttrakDiff and meCUE) as well as a discussion of the subjec-
tive participants’ reflections on the interaction regarding the limitations
of commercial voice assistants are presented
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1 Introduction

Virtual Voice Assistants (vVAs) are increasingly being integrated in everyday
life and represent an easy way to perform various tasks with minimal effort.
This development has led to a rapidly growing user base for commercial voice
assistants [9]. It is not limited to the US market, as another study showed that
in 2019 60% of all Germans have already used voice assistants [22].

The application for voice assistants reaches through different areas. Users
employ their voice assistants mostly for voice search, setting up an alarm clock
and reminders, controlling other devices, or listening to music [20]. Especially
the last use case is commonly applied [14].

One of the main purposes of listening to music in everyday life, is to enhance
good mood and to relax. Hereby, the choice of music is made intuitively and
according to one’s musical preference.

Meanwhile, in medical contexts, music is offered to patients by hospital staff
to regulate anxiety and stress. In the field of professional music therapy, several
methods have been developed in order to promote physical and mental health or
to alleviate illness-related suffering. The bio-psycho-social processes that are set
in motion by making or listening to music are reflected and worked through in
therapeutic conversations. Self-exploration, -regulation and -efficacy are among
the most important goals of music therapy [1,8].

The Short Music Journey (SMJ) [5] is a music therapy technique, in which the
patient listens to music in a relaxed posture and is encouraged by the therapist
to be aware of inner images, associations and memories, which are reflected
afterwards. It is a supportive technique used to develop mindfulness, regulate
emotions and strengthen inner resources.

To stimulate these self-regulatory abilities in between therapy sessions, rec-
ommendations for listening to music at home are sometimes given in music
therapy as well as in other psychotherapeutic treatment approaches. Because
vVAs are increasingly taking on various functions in people’s everyday lives
anyway, the question arises as to whether assisted music listening can improve
self-regulation between sessions especially in low frequent therapies.

To test the combination of SMJ and vVA in a first step, a ‘Music Time-Out’
(MTO) for healthy subjects to enhance well-being was designed and evaluated
in a pilot study. We investigated the extent to which current commercial voice
assistants can be used, including music and interactive parts to explore users’
individual experiences during the application. Furthermore, first insights on the
users’ acceptance of such an application by exploring the user experience should
be gained.

2 Background

2.1 Use of Smart Speakers for Relaxation Purposes

Smart speakers enable, through a constant internet connection and microphones,
permanent access to vVAs of various manufacturers. Voice App (VAp) is an
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application for vVAs that allows external developers to deliver additional features
to vVA users. On the Alexa platform, these VAp are also called ‘Alexa Skills’.

A variety of VAps offer a mediation or relaxation feature for users of vVAs.
For example, the German ‘Techniker Krankenkasse’, has published the VAp “TK
Smart Relax”1 for Alexa and Google Assistant [11]. It includes various exer-
cises and relaxation formats, utilizes a professional speaker especially recorded
for the Alexa skill. Furthermore, the app offers the option of personalizing the
skill’s functionalities for recurring usage. Regarding the interaction, it has to be
mentioned that in this voice app, like for many others, the speech input is just
needed for the navigation through the menu. It is not intended to have a dialog
between the system and the user during the exercises themself.

2.2 User Experience of Speech-based Dialog Systems

People like to use technical systems if they enjoy the usage and/or evaluate them
as useful to achieve their goals.

The so-called user experience is defined as “a momentary, primarily evalu-
ative feeling (good-bad) while interacting with a product or service’ which is
‘a consequence of users’ internal state (e.g. predispositions, expectations, needs,
motivation, mood), the characteristics of the designed system (e.g. complexity,
purpose, usability, functionality), and the context within which the interaction
occurs (e.g. organizational/social setting, meaningfulness of the activity, volun-
tariness of use)” [3] as cited in [6, p. 4]).

In [13] user experience is understood in a holistic way. It is described as a
consequence of users’ conscious and unconscious individual ascription of even
human-like mental states towards the system they interact with (anthropomor-
phization). This theoretical perspective was empirically underlined by a quali-
tative study on the interaction of users with a speech-based dialog system pre-
tending to be able to individually support in everyday life [12].

In a qualitative analysis of user interviews ideal types of users were character-
ized by experiential patterns of the interaction and typical ascriptions towards
the system. It supported the importance of subjective user experiences in inter-
actions with speech-based systems on the acceptance of the system.

A very prominent example of a quite simple interaction model with a huge
impact on the perceived quality of the interaction is ‘ELIZA’. The chatbot
‘ELIZA’ [24] has attracted a lot of attention as it illustrates this effect of ‘anthro-
pomorphism’ very well. In this context, ‘ELIZA’ simulates ‘therapy’ conversa-
tions in which it responds to user statements in a rule-based manner and usually
simply converts the user’s statements to kind of open questions that are returned
and e.g. results in system statements such as ‘Can you tell more about <noun-
from-the-user’s-statement>?’.

This leads to users evaluating the interaction with ‘ELIZA’ as positive
because they felt understood by the system [4]. Moreover, this effect occurs
even when users know that they are interacting with a technical system. The

1 https://www.amazon.de/Die-Techniker-TK-Smart-Relax/dp/B074QM4KKQ.

https://www.amazon.de/Die-Techniker-TK-Smart-Relax/dp/B074QM4KKQ
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mirroring of one’s own statements and the resulting feeling of ‘being understood’
played a greater role for the users than having new perspectives opened up by
the (technical) dialog partner.

3 Research Questions

The aim of the study is to find out in a first step whether healthy subjects
would accept an SMJ in combination with a speech assistant for everyday use
and which advantages and disadvantages arise to an interactive SMJ that is
presented by an vVA. The overall goal, which cannot be answered by this study,
is to contribute to technology-assisted music therapy.

For this purpose, the following research questions are raised:

– How do healthy participants experience an interactive music-guided imag-
ination through a state-of-the-art speech assistant in comparison to non-
interactive media? (interaction-experience related question)

– How can a music-guided imagination be mapped by state-of-the-art speech
assistants? (Technology-related question)

4 Methods

To answer the research questions, the ‘Alexa Skill’ Music Time-Out (Alexa-
MTO) was developed and an experiment was designed to evaluate the interaction
of the users with the VAp. The study entails one interaction with the Alexa-MTO
allowing a music-imagination in an interactive manner, using the vVA ‘Alexa’,
and a control condition without interactive parts using a CD. The research
questions will be answered by analyzing different quantitative and qualitative
self-reports on the user experience of both, the VAp Alexa-MTO and the CD
condition CD Music Time-Out (CD-MTO).

4.1 Intervention ‘Music Time-Out’ (MTO)

SMJ as Design Basis: As mentioned in Sect. 1 the method of SMJ [5] serves as
a pattern for the design of the Voice App (VAp) “Music Time Out” (MTO). In
SMJ, at first, patient and therapist explore the mood and problems the patient
actually deals with. The therapist selects a piece of music that appears adequate
for an imagination in relation to the patient’s initial state. After a relaxation
introduction the therapist invites the patient to follow the music and be aware of
inner images, associations, feelings and memories, which arise. After the imagi-
nation the therapist supports the patient in self-exploring his feelings and images
in a therapeutic conversation.
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Experimental Condition: For the experimental condition, the VAp ‘MTO’ was
developed. The dialog follows the scheme presented in Fig. 1: Alexa welcomes the
user and asks for his/her actual mood (‘Adressing Mood’). Afterwards, Alexa
presents three pieces of music by playing the first few seconds of each and the
user selects one of them.

Alexa gives instructions for relaxing and the following imagination (“Atmen
Sie dreimal tief ein, und geräuschvoll wieder aus. <break time=“2s”/> Und
lassen Sie jedes Mal etwas mehr los”) and the music starts.

G1

any

music
selected

Alexa, next

SMJ
audio on Device

G2

G1

Part G1

Start of the session

End of the session

"Alexa,
next"

finished

finished

G2

dialog condition

ongoing

Adressing Mood

Imagination intro

Music selection
invalid

selection

Closing / Goodby

any

Welcome

Dialog module

Finish SMJ

audio
finishes

Imagination outro

Questions for imagination
ongoing

Reflection module

Questions for reflection

Fig. 1. Overview of the dialog modules. The Alexa Skill MTO will lead the user through
a music-guided imagination

After the music Alexa instructs the user to slowly fade out the imagina-
tions and come back into the here and now by the use of an awareness exercise
(‘Imagination outro’). Afterwards Alexa asks a few open questions to invite the
user to reflect on his/her imagination (“Wenn Sie nun wieder ganz im Hier und
Jetzt angekommen sind, <break time= “2s”/>spüren Sie bitte nach <break
time=“3s”/>Wie geht es Ihnen jetzt?”) (‘Reflection module’). Since the aim of
the VAp was not to simulate a therapy session, the vVA did not reflect or analyse
the experiences and thoughts the user reported on.

MTO uses the Alexa Skill Kit (ASK) to create an Alexa skill. The Alexa-
MTO uses open questions in the dialog modules ‘Addressing Mood’ , ‘Imagina-
tion outro’ and ‘Reflection module’.
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It is designed in such a way that the user can answer the open questions as
freely as possible. A subsequent analysis of the user’s statements is only possible
to a limited extent due to the structure of the ASK Framework. No transcription
is sent from the Alexa service to the backend. Therefore, it was decided that
Alexa-MTO will consider every intent except the ‘Help-Intent’ and ‘Stop-Intent’
as a valid answer to the ‘open’ questions as it is not feasible to capture every
possible answer of the users in a specialized intent.

Control Condition: In order to assess the effects of the voice assistant’s inter-
activity, an audio CD imitating a commercially available relaxation CD is used
as a control condition. For this purpose, the participant receives three CDs in
advance, each containing a piece of music and provided with different cover
images. The CD covers show relaxation-associated scenes, the impression of
which enables the participants to select one CD each for the experiment. The
instructions for the imagination on the CD were prerecorded by a female speaker.
The structure of the session and the texts correspond to the contents of the
modules ‘Imagination’ and ‘Farewell’. For the sake of comparability, the voice
recordings are as similar as possible to those of the experimental condition, both
in terms of pause length and wording.

4.2 Course of Study

SMJ with 
Alexa / CD

Audio-Sample
VAS-Rating 

Pre day 1

Pre Experiments Sociodemographics, TA-EG, PSS-10

VAS-Rating
Audio-Sample
AttrakDiff 
meCue

Post day 1

Audio-Sample
VAS-Rating 

Pre day 2

SMJ with 
CD / Alexa

VAS-Rating
Audio-Sample
AttrakDiff 
meCue

Post day 2

Post Experiments Open Questions

Fig. 2. Overview of procedure of both experiment days, parts in italic are collected
but not evaluated in the current paper.

The MTO interactions are conducted on two consecutive days, which are ran-
domized regarding the order of the conditions (Alexa-MTO or CD-MTO). In
the test condition Alexa-MTO, the participant conducts a music-imaginative
journey in an interactive manner. In the control condition CD-MTO the partic-
ipant undergoes the same treatment, but without interaction. Figure 2 provides
an overview of the procedure for both days of the experiment. The study took
about 60 min per day.
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On the first day of the survey, the participants were informed about the
purpose of the study and about the data to be collected. The participants agreed
to participate by means of a written consent form.

4.3 Recording Setup and Participant Selection

The recordings took place at the Institute of Information and Communication
Engineering, University Magdeburg. They were conducted in a living-room-like
surrounding in which they should make themselves “as comfortable as possible”.
This setting aimed to enable the participant to get into a natural communication
atmosphere (in contrast to the distraction of laboratory surroundings). To con-
duct high-quality recordings, of the participants’ voices, a headset (Sennheiser
Chat 3) was used. The data is stored as uncompressed WAV with 44.1 kHz and
16bit.

4.4 Inclusion Criteria

The following inclusion criteria, German native speakers between 16 and 35,
and the following exclusion criteria, hearing impairment, and significant speech
impediments were established for participants. The recruitment was mainly car-
ried out through university channels

4.5 Questionnaires

Sociodemographic Information, Experience in the Use of Voice Assis-
tants, and Affinity to Technology. At the beginning of the experiment (day
1), various questionnaires are used to collect contextual information from the
participants. For the collection of socio-demographic information as well as pre-
vious experience in the use of voice assistants, a self-developed questionnaire is
used [21]. To get insights into the affinity for technology, TA-EG is used [7].

Stress Level. Furthermore, at the beginning of the experiment (day 1) PSS-10
is used to capture the perceived stress in the past four week [19]. To capture
the influence of the SMJ on the assessment of the perceived stress, participants
are asked to indicate the current stress level shortly before and shortly after the
SMJ experiment (day 1 and day 2) in form of a Visual Analogue Scale (VAS)
employing the Stressbarometer based on [15] and by answering a short questions
“How do you feel” and “What are your name initials, the study course and the
city you study in” which is recorded for later acoustic analysis.

The analysis of the stress measurements are part of our future work and will
not be presented in this paper
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User Experience
AttakDiff. After the experiment, participants are asked to indicate their experi-
ence of the usage of both SMJ conditions using AttrakDiff [2] and meCue [17, sec.
3.6.3.2] (day 1 and day 2). The questionnaire ‘AttrakDiff’ is used to evaluate the
user experience of interactive systems [2]. The ‘AttrakDiff’ questionnaire is based
on the assessment through semantic differentials, which allow statements about
the different dimensions, Pragmatic Quality (PQ), Hedonic Quality - Identity
(HQ-I), Hedonic Quality - Stimulation (HQ-S), and Attractiveness (ATT).

For each dimension, specific attributes in form of a semantic differential are
given. The respondent answers using a 5-point scale. In the evaluation, the value
‘1’ in each case stands for the tendency towards the negative characteristic, ‘3’
for a neutral attitude of the respondent, and ‘5’ for the tendency towards the
positive extreme.

meCUE. The ‘meCUE’ questionnaire captures the participants’ judgments
about the emotional experience and the usage consequences of the users[17].
Module 3 describes positive emotions (pEm) and negative emotions (nEm) that
arise during the use of the product. Module 4 depicts the users’ product loy-
alty (PLoy) and intention of use (UInt). Finally, Module 5 asks for the overall
evaluation of the product. This overall rating corresponds to the semantic differ-
ential between ‘perceived as bad’ ‘perceived as good’. All other modules of the
‘meCUE’ questionnaire use a 7-point Likert scale.

Open Questions. At the end of the second interaction (day 2), a questionnaire
with open-ended, narrative-stimulating questions is used to ask the participants
about their experiences with the MTO after experiencing both conditions (Alexa-
MTO and CD-MTO). The questionnaire asks both how participants were able to
engage with the music-guided imagination and how they felt about the interac-
tion with the Alexa-MTO. Participants were encouraged to share their impres-
sions and thoughts in free-text responses. The focus of the questions is on the
assessment of the ‘Alexa’ skill, which aspects were perceived positively and which
negatively. Finally, the participants were asked for feedback for improvements to
the voice app. The participants provided their assessments based on the following
questions:

– General impression The participant should first state the first impression
about the experiment MTO, and in particular with the general impression of
the experimental condition Alexa-MTO.

– Impression of the vVA The next questions deals with the general impres-
sion of Alexa as a dialogue partner for the MTO, as well as the positive and
negative feelings triggered during the interaction with Alexa.

– Instructions of the vVA These questions ask how participants were able
to engage with Alexa’s instructions with a focus on what was helpful and
what was perceived as a hindrance in doing so.

– Differences between CD-MTO and Alexa-MTO Then, it is asked about
the perceived differences between the experimental and control condition.
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– Favorite condition Afterwards, it is asked which experimental condition
(CD-MTO or Alexa-MTO) the participant would choose and why.

– Feedback The last question asks for improvement suggestions from the par-
ticipant for the further development of the VAp MTO.

Within this paper, only a frequency analysis (counting of arguments across all
participants) of the responses concerning technical aspects of the interaction with
the VAp, positive characteristics of the MTO as well as a comparison judgment
of the two conditions is conducted.

5 Results

5.1 Sample Description

The study involved 21 participants, 9 female and 12 male ones, the age ranges
from 19 to 36 years (24.67 ± 4.51 y), because of recruiting difficulties we included
one participant aged 36. The participants have at least a technical college
entrance qualification. Furthermore, a wide variety of study courses, includ-
ing Computer Science and Engineering but also Psychology, Medicine, Social
Sciences, and Humanities.

Regarding the questions about the participants’ previous vVA experience, it
became apparent that all of them already had known ‘Alexa’ before the experi-
ment, but only 38% had previous experience with Alexa, while only 24% stated
that they had neither previous experience with ‘Alexa’ nor with any other assis-
tant. Frequently mentioned reasons for using vVA were a simple control of e.g.
music players or the basic presence of assistants on certain devices. Lack of access
or need for use were given as reasons for non-use. Some also stated that they
tended to avoid vSAs due to the fear of being tapped.

5.2 MeCue

Figure 3 represents the results of modules 3, 4, and 5 of the ‘meCUE’ question-
naire. Regarding Module 3 the participants do not associate any positive emo-
tions with the interaction of the two conditions, but also no negative emotions.
The perception of the dimension nEm is even rather negated. The differences
between the conditions Alexa-MTO and the CD-MTO are neither significant
for pEm nor nEm. For Module 4, the evaluation shows that participants would
rather not prefer the use of any of both conditions, and they also do not feel
connected to the conditions. Again, the differences that emerge between the two
conditions are not significant.

The general judgement on the interaction with Alexa-MTO and the session
with the CD-MTO is slightly positive, but as before, no significant difference
can be found between the two conditions.
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Fig. 3. Evaluation of the meCUE questionnaire regarding the two conditions Alexa-
MTO ( ) and CD-MTO ( ).

5.3 AttrakDiff

The overall evaluation of the ‘AttrakDiff’ questionnaire indicates a neutral to
a slightly positive attitude of the participants regarding both conditions, see
Fig. 4. Only regarding HQ-S, the control condition is below the neutral value 3.
We could furthermore identify a highly significant difference for the dimension
HQ-S (t(21) = 5.18, p = 0.00004581).

Fig. 4. Evaluation of the AttrakDiff questionnaire regarding the two conditions Alexa-
MTO ( ) and CD-MTO ( ). Stars indicate (a tendency towards) significant differ-
ences.

Regarding PQ there is a tendency towards a significance difference between
the two conditions (t(21) = −2.811, p = 0.010780815). Regarding the pragmatic
quality, the individual semantic word pairs are depicted in Fig. 5. It is notice-
able that especially the assessment for the pair ‘technical-human’ shows a clear
difference between the two conditions. The participants perceive the vVA Alexa-
MTO as ‘technical’, while the CD-MTO seems more ‘human’ (t(21) = −4.26, p
= 0.000379468).
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Fig. 5. Results of the semantic word pairs for PQ of the AttrakDiff questionnaire for
Alexa ( ) and CD ( ).

5.4 Answers to Open Questions

Experienced Limitations Within the Interaction with Alexa: 19 participants
(90%) made direct or indirect comments about “talking in-between” or inter-
ruptions by Alexa (e.g.“Alexa does not let me finish”), and described this as
disruptive or hindering regarding “relaxation”.

Another common criticism (14 participants) of the VAp MTO, is the rather
technical voice, especially its pronunciation and intonation. In comparison to the
human voice of the CD condition, the standard female voice of Alexa used for
MTO is described as “computer voice” or “robotic”. Some participants mention
the quality as a “deficiency”, others feel very disturbed by the voice.

Furthermore, 8 participants reported perceiving the dialog as too rigid and
impersonal, focussing on the lack of reciprocity when Alexa does not respond to
what is said, rather Alexa repeats the questions or does not recognize the user’s
statements. Especially in the combination with Alexa interrupting the user, some
participants reported that they are strongly prevented from stress reduction.

Positive Characteristics: One third of the participants (8) state that they felt
involved by communicating with the vVA. In addition, some add that they felt
well guided through the interaction, which is described as structured and under-
standable and felt supported in reducing stress.

It is also mentioned that the operation via Voice User Interface (VUI) is
simple and allows quick access to the MTO. Four participants reported that
interacting with Alexa-MTO made the MTO feel more personal and “emphatic”
than the CD-MTO control condition (“[I felt] better picked up by Alexa”).

Others rated the interaction with Alexa as overall calming. In addition, the
pauses in the dialogue made some participants feel self-determined in influenc-
ing the MTO; they perceived Alexa respected their need for time to come back
from relaxation. In addition, 6 participants mentioned that the understandable
instructions of the vVA helped them to relax with the MTO. Finally, it is posi-
tively mentioned by 7 participants that the VAp gave a good idea of the music
piece through the interactive selection of the music.
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Differences Between CD-MTO vs Alexa-MTO: Only 7 participants would use
the current Alexa-MTO version of MTO. The CD-MTO was preferred by 14
participants. Frequently mentioned reasons for choosing the CD-MTO are the
‘humanness’voice and the problem of interrupting in the Alexa-MTO condition.

In addition, other participants cite general reservations about vVA, concerns
about data privacy, or the unfamiliar voice-based control as reasons for their
preference of the CD-MTO. It is also striking that participants who mention
changeable reasons such as the voice or the design of the conversation flow also
mention that they might prefer the VAp if it were developed further.

In contrast, the most common arguments for preferring Alexa-MTO is that
voice control is fundamentally easier and requires less preparation, that the inter-
action allows them to influence the session (music selection), and speaking with
the vVA is perceived by them as more ‘human’ or ‘active’.

6 Discussion and Conclusion

This paper presents the experimental setup and methods as well as initial results
of a study on music-guided imagination, especially an adaptation of the method
SMJ, by using a commercial voice assistants. 21 healthy participants answered
questions regarding their user experience in an interactive SMJ compared to a
control condition with linear CD.

6.1 How Do Healthy Participants Experience an Interactive
Music-Guided Imagination Through a State-of-the-art
Speech Assistant in Comparison to Non-interactive Media?
(interaction-Experience Related Questions)

The two quantitative measurements of the user experience revealed only slight
differences between Alexa-MTO and CD-MTO. Alexa is rated rather neutral,
slightly positive in meCUE - Overall Assessment (see Fig. 3), as well as in
the dimension Attractiveness (ATT) of AttrakDiff (see Fig. 4). Thus, it can be
assumed, that in this study Alexa is experienced as “good” as a common CD
for stress reduction. However, AttrakDiff allows a more detailed picture: The
participants perceive the ‘Alexa’ condition as more stimulating and interesting
than the CD condition (HQ-S). However, the pragmatic quality of Alexa-MTO
is rated lower than that of the CD-MTO, indicating that the Alexa-MTO is per-
ceived as less user-friendly or sociable for use in everyday life and lacks efficient
support.

It is meaningful that the participants perceive Alexa as ‘technical’, while the
CD seems more ‘human’. This rating seems a bit odd at first glance, but is
underlined by the subjective reports on Alexa’s limitations.

Previous theories [18] and empirical studies show [12, besides others], that
users tend to experience a technical system as a kind of social counterpart,
when it sends out social cues like especially speech-based interaction. Alexa-
MTO is not only speech-based, it furthermore asks open questions regarding
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“human topics” like emotions. Consequently, the users tend to expect higher
communicative abilities, especially reciprocity and an understanding about turn
taking routines. The disappointment of these expectations seem to weigh heavily
and influence the overall ascription of a technical nature of Alexa.

6.2 How Can a Music-Guided Imagination Be Mapped
by State-of-the-art Speech Assistants? (Technology-Related
Question)

Although the presented results highlight limitations of the current state of the art
speech assistants, they also indicate benefits of using an interactive music-guided
imagination provided by a vVA for users. Positve aspects are, that the users made
use of the opportunity to respond to the open questions that are designed to
support the self-reflection. Furthermore, they felt to be able to control when the
imagination should continue. However, negative aspects are, that the users expect
more engagement from the dialog partner or at least a conversation oriented
on the basic principles of interpersonal conversation (e.g. reciprocity). Due to
the mentioned limitations a state-of-the-art speech assistant can not fulfil these
expectations of the users adequately.

In the following we will discuss the limitations of state-of-the-art speech assis-
tants reported by our sample:

1. The main limitation for using vVA like Alexa is the problem to integrate open
questions into the design of the dialog. From a music-therapy perspective
these questions should give the user the opportunity to express his situation
and feelings.
From a technical perspective it can be noticed that the use of open questions
overwhelms the current capabilities of the Alexa system. A pause for thought
from the user is understood by the system as the conclusion of the user’s
dialog turn [10]. This interruption of the vVA can be attributed to difficul-
ties with the Automatic Speech Recognition (ASR) of the Alexa Service. The
speech recognition models of the system were mainly trained with short voice
commands, to serve as a voice-based interface for the users.
Due to the limited possibilities to influence components of the speech process-
ing pipeline of the Alexa Service as an external developer, it is not possible to
solve these problems within the actual VAp. For the NLU component of the
vAP the developer has to predefine topics Alexa should react to as intents,
which is barely impossible for open questions used in the MTO.
Some users experience this behaviour as a short time span to give answers
to the system. This indicates that during the corresponding interaction, the
user’s statement was not acoustically understood by Alexa. At the moment,
in case of acoustical problems, Alexa waits 8 s after a system response for a
user’s response, if the system cannot perceive an utterance within that period,
a prompt of the last system response is played automatically

2. Also the strict division of the dialog in distinct dialog turns, that do not
overlap, can be seen as a limitation for using currently available vVA systems
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in this use case. If the system would offer external developers the opportunity
to react to interruptions by the user, the VAp could notice that the user
was not finished to answer the previous question. The VAp MTO would then
apologize to the user that it interrupted the answer to the open question. This
behaviour could help to fulfil the expectations users have when interacting
with a vVA.

3. Since the Alexa Skill Kit (ASK) and the Alexa service only passe the anal-
ysis of the Natural Language Understanding (NLU) component without any
textual transcription to the skill, it is not possible to further analyze the user
statements for an improved conversational flow. Based on transcription, the
MTO could have fulfilled the request of some users for a better understanding
of the relaxation state.

4. Although, the voice output of Alexa is state-of-the-art, and also SSML-
Tags[23] were used in the responses to slow down Alexa’s voice and extend
pauses to create a voice impression similar to a therapist. It could be a solu-
tion to also use pre-recorded instructions for the VAp, but we may lose then
the flexibility to react to the user input, even if this also poses problems at
the moment.

6.3 Limitations

Results are limited according to the small sample size. Additionally there are no
adequate instruments for comparing user experience between interactive (Alexa)
and non-interactive (CD) products. Thus, we had to fall back on instruments
for interactive ones in order to make a quantitative comparison of Alexa-MTO
and CD-MTO (meCUE, AttrakDiff), which may have led to biased results. Fur-
thermore, a systematic in-depth analysis of the qualitative data from the open
questions would have helped in further interpretating our results. Currently,
our working group is starting a qualitative content analysis [16] of these data.
Besides, the analysis of data regarding the stress regulation effect of MTO (PSS-
10, VAS-rating, audio sample) will be another next step. This will allow an
additional relevant perspective on the evaluation of MTO.

6.4 Implications for Future Research and Development

Despite lots of limitations our study shows that users are willing to use voice
assistants for self-regulation support. Their criticisms can be traced back to tech-
nological problems rather than to an absent in a general acceptance. However,
we want to emphasize, that our study is namely a step towards the exploration
of users acceptance conditions of vVA in the field of (music) therapy, but it does
not allow any conclusion on its effectiveness in therapeutic contexts.

The main technological challenge in the use of vVA Platforms like Alexa
for music therapy contexts is the avoidance of unwanted interruptions because
of misinterpretations of users needs in the dialog flow (turn taking, pauses).
Therefore, alternative dialogs designs that enable users to express their situation
without relying on open questions could be a first step . Furthermore, accessing
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the transcriptions of the user utterances may offer an opportunity to follow up
on the answers of the user.

Future work should focus on a personalization of dialogs and applications.
The initial results of the open questions indicate different user types charac-
terized by typical patterns of experiences during the interaction with Alexa. As
previous studies showed [12] the description of such types could allow a personal-
ized dialog design for skills like ‘Music Time-Out’ (MTO) to respond adequately
to users needs. Furthermore, in our study users expressed the wish that the vVA
adapts to their preferences to influence how many questions should be asked and
what music should be suggested by the system.
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Abstract. Stereotypes and scripts guide human perception and expec-
tations in everyday life. Research has found that a robot’s appearance
influences the perceived fit in different application domains (e.g. indus-
trial or social) and that the role a robot is presented in predicts its
perceived personality. However, it is unclear how the surroundings as
such can elicit a halo effect leading to stereotypical perceptions. This
paper presents the results of an experimental study in which 206 partici-
pants saw 8 cartoon pictures of the robot Pepper in different application
domains in a within-subjects online study. Results indicate that the envi-
ronment a robot is placed in has an effect on the users’ evaluation of the
robot’s warmth, competence, status in society, competition, anthropo-
morphism, and morality. As the first impression has an effect on users’
expectations and evaluation of the robot and the interaction with it, the
effect of the application scenarios has to be considered carefully.

Keywords: Social robots · Stereotypes · Stereotype Content Model ·
Application scenario · Halo effect · Media Equation

1 Introduction

In today’s daily life, robots are used in more and more application fields. Previ-
ous studies have shown that users, based on the appearance of a robot, suggested
different contexts of their application [16]. These contexts include domestic scenar-
ios, such as healthcare or personal assistance, and public scenarios, such as busi-
ness or public assistance, or even scenarios that include both, domestic and public
aspects such as security, research, and education [16]. However, not only the robot
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and its appearance determine application fields that are considered suitable, but
also the application field in and of itself affects the confidence in robots to execute
a task [25]. Moreover, different expectations about the personality and behavior of
humanoid robots arise depending on the role or task they are used in [15]. Compar-
ing a cleaning robot with a tour guide robot, [15] found that the robot’s task influ-
enced the perception of its personality and the user’s compliance with the robot.
These findings suggest that the associated stereotypes of the robot’s task might
be reflected in the expectations and perception of the executing robot. So far no
study has investigated the influence of the mere application environment a robot is
presented in. Thus, the present study investigates the influence of the application
scenario settings on the perception and evaluation of robots.

2 Prior Work

It lies in the nature of stereotypes as perceptual biases that the same trait or
behavior is evaluated differently and often guided by socially shared expectations
and suggested traits (e.g. [9]). Descriptive stereotypes (how someone or some-
thing is) and prescriptive stereotypes (how someone or something should be)
guide perception processes in interpersonal settings - especially when it comes
to social roles. This is also the case in human-robot interaction.

Studies based on the Media Equation Theory [23] demonstrate that humans
mindlessly [18] apply this kind of stereotypical perceptions onto computers and
virtual entities like robots. [18] substantiates these findings with the social cues
(e.g. voice, human-like communication pattern, human-like appearance) of tech-
nological devices since these cues trigger social responses like stereotypes in the
interaction. In line with this, different studies found that stereotypes (e.g. with
regard to perceived gender) are applied to computers [19], virtual agents [21] or
robots [11].

As described above, the appearance of a robot guides the users’ expectation in
which application domain it should be applied [16]. In line with these findings, [24]
found that the degree of a robot’s anthropomorphism influences the assumed appli-
cation domain (lower anthropomorphism is associated with industrial domains
and robots with higher anthropomorphism are seen in social domains). Hence, the
social cues of the appearance of a robot (e.g. its anthropomorphism) affect the
stereotypical perception and this leads to an association with a potential appli-
cation domain [16,24]. For instance, higher anthropomorphism might evoke feel-
ings of care, trust, warmth, or trustworthiness, which stereotypically is associated
with social domains. In turn, the role a robot is presented in (within a specific
application domain), affects the (stereotypical) perception of its personality and
the user’s compliance with it [15]. Therefore, it can be assumed that the stereo-
types connected to the role (e.g. higher extroversion of a museum’s guide) affect
the personality attributed to the robot. In this work, we investigate this kind of
stereotypical perception in more detail. We assume that the application setting
as such evokes similar stereotypes and leads to a halo effect [3], meaning that the
global evaluation of a person or entity affects the evaluation of individual attributes
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[20]. A halo effect was already found for the robot’s appearance [27], showing that
humans conclude personality traits of the robot from how its looks.

Moreover, the social context in which a robot is presented (a robot is pre-
sented either with another robot or with a human) has a halo effect on the evalu-
ation of the robot’s skills [8]. Another study demonstrated that robot touch can
trigger a global perception, which - as a halo effect - evokes specific stereotypical
perceptions of liking or capability [28]. Based on these findings, we assume that
the robot’s application scenarios (e.g. private home or hospital) triggers a global
(stereotypical) perception, which users transfer onto the individual perception
of the robot. More specifically, we rely on the stereotypical perception described
in the Stereotype Content Model [10] as relevant perception dimensions. With
the Stereotype Content Model [10], it has been suggested that there are two fun-
damental dimensions along which humans evaluate each other, namely warmth
and competence. Additionally, it measures feelings of being in competition about
social or financial resources as well as the attributed status of the social group
a person that is to be evaluated belongs to allocate different members of social
groups to four quadrants. This model has also been applied in Social Robots
research, focusing on group interaction [22] and on the evaluation of different
robots without a focus on the surroundings [17]. Also, it has been applied in
other technological fields, such as in the evaluation of chatbots and conversa-
tional agents [26]. Accordingly, we investigate the following research question:

RQ1: How does the application scenario influence the users’ perception of
the robot?

3 Methods

In order to examine the presented research question, an online experiment with
a within-subject design was used. Participants filled in a questionnaire set up
in soscisurvey (www.soscisurvey.de), and evaluated eight pictures that presented
the robot Pepper (www.softbankrobotics.com) in different settings.

3.1 Sample

A total of 206 participants completed the online questionnaire. 94 of them were
female, 110 male and 2 did not disclose their gender identity. The average age
was 23 (M = 23.43, SD = 5.33). All participants had a higher educational back-
ground. The sample was rather young, well-educated, and showed a rather high
technological affinity (M = 3.63, SD = 0.75) with the Likert scale ranging from
1 (low affinity) to 5 (high affinity). Participants received course credits for their
participation.

3.2 Material

The material that was to be evaluated by the participants consisted of cartoon
pictures showing the humanoid robot Pepper in a variety of different settings.

www.soscisurvey.de
www.softbankrobotics.com
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The pictures were presented to the participants in randomized order. The sce-
narios included a private home, supermarket, train station, courtroom, library,
hospital, kindergarten, and a workshop (see Fig. 1 for details). Pepper is present
in all scenarios at the same position in the environment. A short description
(e.g. “Below is an illustration of a robot working in a private household. Imagine
that you enter the private household and meet the robot there. Please evalu-
ate this robot with the help of the following questions.”) and a supplementing
cartoon picture (see Fig. 1) are used to present the different application fields
to the participant. By using cartoons instead of real photographs, confounding
factors such as different coloring, brightness, mood or perspectives should be
excluded from the stimulus material. In doing this, potential effects should be
narrowed down to the influence of the setting as such that might trigger implicit
expectations and stereotypes.

3.3 Measures

To assess participants’ attributions to the robot, constructs from the Stereotype
Content Model were used [12,13]. As an integrated model bringing together sev-
eral results from stereotype research, it suggests warmth and competence as two
basic and distinct dimensions along which assessments are made. Additionally,
status and feelings of competition are part of the model as complementing fac-
tors. The original items from [10] were adapted and overall a smaller number of
items was used due to the repeated measures in the within-subject experimental
design. Warmth was measured with 5 items (“warmhearted, benevolent, sincere,
tolerant and likable”) and had an overall good internal consistency (α > .853).
The 5 items “independent, intelligent, competitive, competent, and confident”
have been used to measure competence, which showed overall an acceptable
internal consistency (α > .689). Participants rated the status they attributed
to the robot via 2 items (“The robot shown has a high status in society.” and
“The robot shown contributes to the economic success.”), which had a question-
able to acceptable internal consistency (α > .464). Another 2 items (“The robot
shown takes jobs away from people in this field of work.” and “The power of the
robot shown decreases the power of the people working in this field.”) were used
to measure the feeling of competition the robot evoked in the participants. The
internal consistency of this scale was acceptable (α > .689). All scales were rated
on a 5-pointed Likert scale ranging from 1 = “does not apply at all” to 5 = “fully
applies”. In addition, participants were asked to rate the robot’s anthropomor-
phism with 4 semantic differential items (“Fake - Authentic”, “Like a machine -
Like a human”, “Has no consciousness - Has a consciousness”, “Artificial - Realis-
tic”) originating from the Godspeed subscale “Anthropomorphism” [5]. Its inter-
nal consistency was rather good (α > .755). The semantic differential had 5 eval-
uation points. Moreover, 2 items (“The robot behaves according to moral rules.”
and “The robot avoids behavior that has unpleasant consequences.”) from [4]
were used to measure morality attributed to the robot. Participants rated these
items on a 5-pointed Likert scale (1 = “do not agree at all” to 5 = “completely
agree”). The internal consistency was overall acceptable (α > .618). The exact
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Fig. 1. Stimulus scenarios used in the experimental online study.
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reliability values of the presented measures for the repeated measures in relation
to the application scenarios are presented in Table 1. In addition, participants’
technological affinity was measured using the German version of the ATI scale
[14] with 9 items (e.g. “I like to look more closely at technical systems.”). Again,
a 5-pointed Likert scale (1 = “do not agree at all” to 5 = “completely agree”) was
used. The internal consistency was good (α = .897).

Table 1. Cronbach’s alpha values of the dependent variables for each application
scenario (within-subject factor).

Warmth Competence Status Competition Anthropo Morality

Private home .894 .689 .464 .741 .826 .697

Supermarket .853 .790 .532 .787 .765 .642

Train station .867 .766 .535 .758 .793 .659

Court room .843 .799 .559 .794 .807 .643

Library .867 .763 .577 .689 .755 .618

Hospital .887 .762 .536 .766 .818 .712

Kindergarten .904 .747 .680 .808 .866 .786

Workshop .866 .757 .575 .757 .768 .620

3.4 Procedure

After a short introduction text, participants gave informed consent and pro-
vided details on their socio-demography as well as their technological affinity.
Afterwards, they evaluated the application scenarios in randomized order with
regard to the above-mentioned dependent variables. In the end, a short debriefing
informed them about the research goal and thanked participants for participating.

4 Results

To analyze how a specific setting in which a robot is presented affects what
attributions a human observer makes about the robot’s traits, two cluster anal-
yses were conducted. The first cluster analysis investigated clusters for perceived
warmth and competence of the robot in dependence of the presented application
scenario. We used between-group linkage and the squared euclidean distance as a
proximity measure. This procedure was selected to replicate the methodological
approach of earlier Stereotype Content Model studies. Analyses indicated three
clusters that are presented in Fig. 2: Cluster 1 consists of the application sce-
nario kindergarten. Cluster 2 contains the private home, supermarket, library,
hospital, train station, and workshop. The courtroom builds Cluster 3.

To investigate the resulting cluster more deeply, ANOVAs and multiple com-
parisons with Bonferroni correction were used. Significant differences between



Effects of the Surroundings in Human-Robot Interaction 369

Fig. 2. Cluster analysis for warmth and competence.

the clusters are observable for warmth (F (2, 1645) = 12.89, p < .001, n2 = .563)
and competence (F (2, 1645) = 17.91, p < .001, n2 = .021). Cluster 1 and 2 are
associated with higher warmth than Cluster 3. In contrast, Cluster 2 evokes
higher competence attribution than Cluster 1 and 3. See Table 2 for means and
values of the pairwise comparisons.

Table 2. Comparison of the cluster data for perceived warmth and competence.

Cluster 1 Cluster 2 Cluster 3 Bonferroni comparison

N = 206 N = 1236 N = 206 p-values

M SD M SD M SD 1&2 2&3 1&3

Warmth 3.34 1.09 3.22 0.99 2.88 0.96 0.31 <.001 <.001

Competence 3.07 0.85 3.41 0.82 3.20 0.91 <.001 .003 .350

A second cluster analysis, using the same methodological procedure, investi-
gated the clustering of the presented application scenarios with regard to status
and competition (see Fig. 3). Again, three clusters were found: Cluster 4 contains
the scenarios hospital, supermarket and train station. Cluster 5 includes a work-
shop and a library. And the scenarios private home, courtroom, and kindergarten
build Cluster 6.

Using ANOVA and post-hoc comparison of the three clusters we investigated
the differences between the clusters with regard to the attributed levels of status
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Fig. 3. Cluster analysis for status and competition.

and competition. Table 3 presents the associated values (means and p-values).
Cluster 4 and 5 evoked higher perceptions of status than Cluster 6. In addition,
scenarios in Cluster 5 were connected with higher competition than those in
Cluster 4 and 6.

Table 3. Comparison of the cluster data for perceived status and competition.

Cluster 4 Cluster 5 Cluster 6 Bonferroni comparison

N = 618 N = 412 N = 618 p-values

M SD M SD M SD 4&5 5&6 4&6

Status 3.12 0.99 3.15 0.98 2.68 1.05 1.00 <.001 <.001

Competition 2.55 1.17 2.98 1.12 2.54 1.24 <.001 <.001 1.00

Furthermore, two repeated measures ANOVAs (with Greenhouse-Geisser cor-
rection) were used to analyze the differences in attributed anthropomorphism
and morality between the presented scenarios.

The analysis revealed a significant difference between the application sce-
narios and the attributed level of anthropomorphism (F (5.40, 1106.92) = 5.87,
p < .001, n2 = .028). See Fig. 4 for the pairwise comparisons. The robot in the pri-
vate home environment (M = 2.31, SD = 0.98) evoked more anthropomorphism
than the kindergarten (M = 2.12, SD = 1.03), workshop (M = 2.13, SD = 0.87)
and court room (M = 2.00, SD = 0.89) surrounding. Moreover, a robot in a
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court room elicited less anthropomorphism than the supermarket (M = 2.24,
SD = 0.89), train station (M = 2.21, SD = 0.94), library (M = 2.24, SD = 0.91)
and hospital (M = 2.20, SD = 0.96).

Fig. 4. Means and pairwise comparison of anthropomorphism attributed to the robot.

The second repeated measures ANOVA with Greenhouse-Geisser correction
indicated a significant difference between the application scenarios regarding the
morality attributed to the robot (F (4.78, 979.70) = 2.80, p = .018, n2 = .013). See
Fig. 5 for the pairwise comparisons. Solely, a robot in the private home setting
(M = 3.47, SD = 1.12) evoked higher morality attributions than the workshop
environment (M = 3.24, SD = 1.06).

5 Discussion

In a within-subject design online experiment, we investigated the influence of a
robot’s application setting on the users’ perception and evaluation of the pre-
sented robot. Eight different scenarios have been compared using cartoon pic-
tures of the humanoid robot Pepper in one of the following settings: library,
workshop, train station, hospital, court room, kindergarten, private home and,
supermarket. Prior work demonstrated effects of the role in which a robot was
introduced [15], its appearance [28] as well as the social context [8] on the evalu-
ation of the robot’s personality. Accordingly, outer factors can predict the users’
expectations and rating of robots, since they transfer their perception of a global
factor on the individual perception of the robot as social entity. Therefore, we
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Fig. 5. Means and results of the pairwise comparison of the level of morality attributed
to the robot.

assumed a halo effect [3,20] of the setting a robots appears in: Users perceive the
setting and associate specific stereotypes, feelings and expectations with it. More
specific, we refer to the Stereotype Content Model [10] and investigated how the
application scenario triggers stereotypical perceptions of warmth, competence,
status in society and feelings of competition regarding the robot. Results of two
exploratory cluster analyses demonstrated that the setting has an influence on
users’ attributions of warmth, competence, status, and competition to the robot.

Three clusters have been identified (see Fig. 2) differing in attributed warmth
and competence, again demonstrating that the setting affects the evaluation
of a robot. The pattern partly matches overall stereotypes of human society
with regard to the job environment (e.g. kindergarten elicits more warmth than
court room, while court room, in contrast, lead to higher levels of attributed
competence to the robot). However, between multiple application scenarios, no
differences with regard to warmth and competence were found. The application
scenarios of Cluster 2 have a stronger service-orientation in common (private
home, hospital, train station, supermarket, library and workshop). These service
orientations seems to lead to a high attribution of both, warmth and competence.

The second cluster analysis revealed a different cluster solution for status and
competition evaluations (see Fig. 3). The cluster (Cluster 5) with the highest
status and competition evaluations includes the scenarios workshop and library.
Both are application scenarios that are often discussed in the media and in which
robots have already been placed in. We assume that participants’ perception
is also strongly correlated with the acceptance and expectations to embedded
robots in the presented settings. As they might have heard from robots in these
scenarios more often (e.g. in the media), they accept and expect them more to be
placed in these settings. This might enhance the feeling that robots are valuable
for society potentially causing attributions of higher status. In contrast, as the
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value of robots is high, users might also fear to be replaced, causing higher levels
of competition feelings. Nevertheless, the evaluation of status goes against prior
assumptions, since these settings do not reflect the work environments that will
lead to higher attribution of status for human jobs. Here, work environments
like the hospital or a court room are work environments associated with a high
status attribution. This might indicate that status attributions to robots are
made along other lines. Users seem to rate the robot’s status, in the sense of its
social status and economic success, higher in application scenarios, where they
expect and accept the presence of robots more. However, we have not measured
both factors within this study.

In addition, we found differences in the evaluation of the robot’s anthro-
pomorphism, and morality in relation to the presented application scenario.
Overall, a robot embedded in a private home is attributed the highest levels
of anthropomorphism and morality. Prior research found that robots with lower
levels of anthropomorphism were preferred for industrial domains, while robots
with higher anthropomorphism were preferred in social settings [24]. Our results
showed that the private home setting was found to lead to higher levels of per-
ceived anthropomorphism of the robot than the kindergarten and court room
setting. While the workshop evaluation matches the assumption stated by prior
research [24], this does not explain the differences between the social settings
private home and kindergarten. Hence, the robot’s appearance and anthropo-
morphism triggers preferences regarding the application scenario [16,24], but
the application scenario itself seems to predict the perceived anthropomorphism
in a slightly different way.

5.1 Limitations and Future Work

Needless to say, the present research has some shortcomings, which should be
addressed in the future. The Pepper robot itself has to be mentioned as further
limitation. It was a humanoid robot, that is often used and that has a high
media coverage. Thus, users might already have some perceptions and prior
attitude towards the robot. Unfortunately, it has not been measured whether
participants were familiar with the robot or not. Additionally, we did not measure
the perceived gender of the robot, although this has been found to affect the
perception of warmth and competence [11].

It could be hypothesized that attributions are influenced by the acceptance
of the robot in specific roles and settings and that this, in return, affects the
evaluation measured in this study. However, acceptance has not been measured
in this study. Future studies should investigate this in relation to the stereotypical
perception of robots.

Moreover, this study was merely an observation study, which used cartoon
pictures of the robot in different application scenarios accompanied by a short
sentence mentioning the location (e.g. supermarket) and indicating that the
robot is working there. Further details on the specific functionality, role or tasks
the robot has to fulfill have intentionally not been given to test the effect of
the environment. However, it can be assumed that the task the robot executes



374 C. Straßmann et al.

impacts how it is perceived [15]. Since there is a variety in what the robot could
do or be used for in the different scenarios this might have led to different associ-
ations among the participants. Some might have imagined the robot in the court
room to be an usher while others might have imagined the role of a decision-
making member of the court. Accordingly, future studies should investigate the
present findings in a real human-robot interaction to observe the interplay with
the robot’s behavior and position or task. The experimental design might also
have an effect on the results. We used a within-subject design. Hence, partici-
pants evaluated the same robot in different scenarios and might have transferred
their perception from one scenario to the other. We counterbalanced this effect
using a randomized order of the stimuli. Nevertheless, usually stereotypical per-
ceptions are related to specific individuals and it might have been difficult for
participants to disengage from their first impression of the robot in line with a
primacy effect.

Moreover, the convenience sample, which was rather young and well educated
with a high technology affinity, is a further limitation. Future studies should
replicate the findings with a more diverse sample, since it is important for the
design of robots used in public spaces that we are aware what expectations
people have and what kind of attributions are made.

In addition, the effect sizes are rather small and thus the effects might dis-
appear in actual human-robot interactions when other factors (e.g. the robots
nonverbal behavior or executed task) are considered by the users.

The next step is to investigate the presented findings in an actual interaction
of users with the robot. Here, virtual reality (VR) could help to investigate
the effects in a very controlled way (similar to the cartoon pictures). In lab or
field studies, this would be difficult, since multiple confounding factors of the
surrounding could affect the results. However, these factors could be controlled
in a virtual setting, while an interaction with the robot is possible. Such VR-
settings have already been used in the past and are an established methodological
approach [1,2].

6 Conclusion

The present research highlights the effect of a human-robot interaction’s set-
ting on the perception and evaluation of the robot. Practitioners wanting to
deploy robots, e.g. in public places, should be aware of the setting’s effect on the
human’s perception, since it can have an impact on the collaboration or inter-
action between human and robot. For instance, co-workers in a workshop might
feel higher competition with the robot and might therefore be more afraid to col-
laborate. In contrast, settings that elicit higher levels of competence attributed
to the robot can trigger false expectations that the robot cannot meet. Such
kind of expectation violation [7] could lead to a rejection of the robot and an
overall poorer interaction quality. However, while the first impression in social
interactions is important, the behavior during a longer interaction period can
revise the first impression [6]. Accordingly, future research has to investigate the
impact of the findings within actual human-robot interactions.
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Abstract. One of the major diseases that affect the elderly is the Alzheimer dis-
ease (AD) which is characterized by partial or complete loss of memory. Early
detection and early treatment could help in managing the Alzheimer disease on
potential patients. This paper introduces a virtual reality assistant (VRA) into a
virtual environment. The VRA gives commands to the user through a wearable
immersive virtual reality Google. The patients aremade to complete varying levels
of tasks of which a deviation from the normal results of the task was an indicator of
a potential sufferer of the AD. The VR used Natural Language in Artificial Intel-
ligence for communicating, the tasks were designed with Unity Game Engine and
VR cardboard Google was used. The result obtained showed that patients found
the Virtual Reality Assistant in the simulation helpful.

Keywords: Virtual Reality Assistant (VRA) · Natural Language · Alzheimer
disease · Google glasses · Virtual Reality Environment (VRE)

1 Introduction

A survey conducted by Harvard School of Public Health and Alzheimer’s Europe con-
sortium on Alzheimer disease (AD) stated that Dementia of the AD type is a major cause
of health concern of Adult [1]. In the world as at 2015, a report recorded almost 46.8
million people worldwide were living with Dementia, and this number will most likely
escalate to 131.5 million in 2050 [2]. A MEDLINE search of epidemiologic studies
was conducted using Dementia and AD as key words. Out of 522 articles seen 41 was
selected for review. 2 articles out of the 41 was recorded incidence in Nigeria one of
which was in Zaria [3]. Which means data on the occurrence of Alzheimer in Nigeria
is limited making the magnitude of problem unknown in Nigeria in as much as it has
Public Health implication. The reason for these might be inadequate tools for assessing
AD, which means the society might be ignorant of the occurrences of AD leaving our
over 60 years Adults vulnerable to the disease with no option of early treatment. A sec-
ondary problem springs forth from the use of modern technology for the treatment of
patients with AD. Patient over 60 years find it difficult and awkward to use simulations
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as part of their treatment therapy. Very few researches have been reported to provide
examples of user experience (UX) in a virtual world for AD patients [4]. This Speech-
Based Assistant Virtual Simulation (SBAVS) is built to catch the attention of medical
practitioners to see the need for detecting AD early and the importance of making AD
patients relaxed during therapies and treatments.

1.1 Statement of Problem

The transition from one phase of technology to another phase of technology in the
world is not easy for the people caught between both phases. Destructive technologies
intervention has also worsen the ease of adaptability to new ways of doing things by
the elderly. Technology has caught up with medical treatment and diagnosis as well as
observed in telemedicine. Bearing this in mind, creating an easy user experience can
help the elderly operate gargets that comes with the modern technology.

The aim of this study is to explore the use of a speech-based virtual assistant for
the treatment of patient with Alzheimer disease using Virtual Reality Environment. The
specific objectives of the study include to:

I. design an Avatar with Natural Language ability in unity game engine
II. implement the virtual world using cardboard paper and the android phone

2 Related Works

Kumar et al. [5] wrote an article on Virtual Assistance using Artificial Intelligent (AI).
Their researchwas about a service available tomobile phoneuser to help in organizing the
user’s activities. Their research was based on a hybrid of speech recognition technology,
mobile technology and the internet. Although their proposed Virtual person assistance
(VPA) improved timeusage andgave a commonplatform for communication for contacts
schedules and messages, their algorithm was very complex. The implication of this
complex algorithm was excessive time needed to tidy up a task.

Buck et al. [6] attempted to address the issue that came with the rigidity of Siri and
Google Now when users interact with them in their paper: Natural Language, Mixed-
initiatives Personal Assistance. They did a study on a mixed-interactive user supports
that used a dialog-based system which was dependent on natural language. They used
the bag-of words model alongside the k-nearest-neighbour in their research. Although
they were able to address the interactive rigidity that came with Siri and Google Now,
their system was not fully adaptable to the cyber learning environment.

Artificial intelligence andDifferent methods enhanced with human features has been
used to create interaction between humans and the computers. Aditya et al. [7] argued
that, the AI component of the design was not given limited hardware control which they
tackled in their paper titled “Virtual Personal Assistance”. They used raspberry pi 3,
a microphone and speaker as their hardware component and python for their scripting.
Although their VPA could control hardware given to it, however, their VPAwas deficient
in self learning.
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Liu et al. [8] in their research paper titled: “Augmented reality powers a cognitive
assistant for the blind” created a wearable interactive system that could communicate
with the blind through voice commands. Their experiment reinforced varying perspec-
tives of visual cognition. Although the blind experimental were able avoid obstacles
during movement, understand scenes, being able to create and remember spatial mem-
ories, they had issues in localization and tracking issues in narrow passages that was
painted white.

Garzotto et al. [9] in their research paper titled: “Hololearn: Learning through mixed
reality for people with Cognitive Disorder (CD)” developed a Microsoft dependent
application called HoloLearn that helped people with cognitive disability. The subjects
were made to use Mixed Reality (MR) application called a Microsoft HoloLens to help
people improve independence in everyday life. A virtual assistant was introduced in
the experiment to enhance the experimental experiences. Although their experiment
was likeable by the CD participants, it was unable to completely help participants with
severe CD.

In a research conducted by [4], a mixed Reality device which can be mounted on
the head was created for Alzheimer Disease (AD). The name of this system is called
a MemHolo. The AD volunteers for the experiments were immersed in a virtual world
where they were introduced to holographic objects. The aim of the experiment was to
accomplish cognitive tasks to enhance memory recollection of the AD patient. Although
their work was the first to use HoloLens for AD patients, however, there experiment was
limited to patients with early onset of AD. More so, the experiment was carried out on
few persons with a short follow-up time.

A research conducted by [10] was centered on using Wearable Immersive Virtual
Reality (WIVR) as a help tool for children suffering from a disorder called: Neurodevel-
opmental Disorder (NDD). They claimed that there was little or no technology existing
that addressed NDD on children. Their work was on findings on how Wildcard could
enhance attention skills of the patient. Their objects were highlighted as follows: col-
lecting the key requirements, assessing iterative prototypes and performing an empirical
study evaluation. Unity game engine was used to create the visual theme for the VR
environment which was based on 2 story books used for therapy on children with NDD.
Their study was limited to only children who participated in the experiment. In addition,
their experiment could not tell the relevance of the skill acquired by the children to real
life situations.

Vona et al. [11] introduced a speech-based virtual assistance called HoloLens in a
mixed reality (MR) application to help patientswithCognitive disabilities (CD). The help
rendered to CD patients was to learn less tedious daily routines and become self reliant.
They discussed on how their speech based-virtual assistance was created and carried
out their experiment on 15 volunteers. While their results showed that the presence of
the speech based-virtual assistance in MR improved the volunteer’s ability to perform
optimally in the MR tasks.

Bozgeyikli et al. [12] did a survey on target intervention on autism spectrum disorder
(ASD) using Virtual reality (VR). They discussed on the importance of VR intervention
on patients withASD, the difficultyASDpatients have in usingVR for training purposes.
They developed design guidelines in their article that worked better with children with
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ASD. Using a systematic review, they were able to carry out a comparative study of the
effects of VR on children with ASD. On the flip side, their guidelines were obtained from
observation from interested parties which is less accurate from experimental studies.

2.1 Virtual Reality Assistant (VRA)

Virtual Reality Assistance features on mobile devices as Siri on I Phone and Google
assistant on android phone. The VRA was built into these mobile to help humans in
organizing and performing predictable tasks. Integrating speech recognition in the VRA
is a relatively new technology [5]. VRA communication with Humans have evolved
from monotonous mode of operation to a more dynamic way of communication [6]. A
handful number of researchers have proposed papers on how to make Robot and human
communication as effective as possible. VRA come in different forms; as a human
avatar or a robot. In today’s banking, human VRA in the form of Avatars are used to
help customers open accounts or perform other predictable tasks (Fig. 1).

Fig. 1. Minion as the Virtual Reality Assistance in a garbage collection game (Source: [9])

Virtual Reality Environment (VRE). Virtual reality (VR) is defined as the creation
of a pretend prowess which is an emulation of actual life scenarios [14]. Its aim is to
hone an encompassing, sensual semblance of being present in another environment by
using gargets and computer softwares [13]. The features of VR include: interactivity and
presence. Interactivity deals with the way and manner a users can manipulate the VR
environment in actual life. Presence is the illusion that comeswith been in an environment
that is different from the users present location.

To experience a virtual world, users usually wear a head mountable device where
they are immersed in a virtual world. Hololens is an example of a mountable device
that has been used in professional training, cinemas, education, and tourism [4]. It is
owned by Microsoft. As at 2018, the Hololens cost 3000 USD [8]. SBAVS will be using
a cardboard VR Google because it is easy to create. A current android phone with OS
4.1 or above is able to split the simulation into two views, 1 for the left eye and the other
for the right eye. With a Biconvex lens attached to the Cardboard VR Google, the user
is able to experience the illusion of a virtual world (Figs. 2 and 3).



382 T. Tariuge

Fig. 2. Cardboard VR Google (Source: Google’s VR dreams are dead: Google Cardboard is no
longer for sale | Ars Technica)

Fig. 3. Cardboard VR Google (Source: DODOcase Google Cardboard Virtual Reality Kit with
NFC Tag (mobilefun.com))

SBAVS as a Tool for Early Detection of Alzheimer Disease. Variant of SBAVS has
been used in industries to solve problems but the use of this technology in the vicinity of
mental health is largely unexplored [4]. SBAVS has found its usefulness in the treatment
of children with cognitive disability. The use of SBAVS has had a positive impact on
patients introduced to it as a therapy. Studies have also shown that patients loved the
SBAVS treatment better when a virtual assistant featured [9]. In addition, another study
had a result that showed that blind patients that experimented with SBAVS were able to
localized virtual voices that originated from their Hololens [8].

K-Mismatching. The basic principle of the K-mismatch problem is to find out if two
sequences of fragments are isomorphic. If a pattern and an incoming stream of text are
brought together, howmuch texts can one fine in the pattern? Two sequences of numbers
are isomorphic if their sequences are identical: 4,1,2,3–63,12,23,42; Gawrychowski and
Starikovskaya [14] claimed that these two numbers are essentially the same because
they have their smallest number in the second position and their largest numbers in the
first position. This instance is a nearly perfect situation, so an order preserving pattern
was used instead where there is an input of a text length n and pattern length m: (t1,
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t2…..tn) and (p1, p2….pm) and the output is: find if these two lengths are isomorphic (ti,
ti+1……ti+m-1) ~ (p1, p2…..pm) such that the length pm is isomorphic ‘i’ to the pattern.
Another case study could be finding an almost ordered Isomorphic to the pattern [14].
This simply means, modifying the two sequences to get them to be isomorphic. It could
be by removing a character or modifying a character which is determined by a factor
‘k’: (a1 a2……,am) k/ ~ (b1, b2……bm), choose up to k indices i1 < i2 < k, remove the
numbers at the corresponding position from both sequence to make them isomorphic.
Clifford et al. [15] used the hamming distance to established patterns between 2 or more
sequences. The hamming distance is the number of mismatch between two stings. In
K-mismatched, the pattern is already given and the string character comes in a character
at a time. The hamming distance between the character and the pattern is calculated.

3 Materials and Methods

3.1 Analysis of the Existing System

Fig. 4. Existing System Architecture of participant relationship in a human-computer dialog
(Source: [6])

Figure 4 shows a system that communicates with a human. The dialogue engine
is a hybrid of Natural Language Programming (NLP) and a mixed initiative dialogue
toolkit based. The dialogue engine has the ability to understand and communicate with
humans flexibly. The mixed-initiative dialog means that the system is able to reason and
take initiatives like humans making the conversation sound real. NLP is an outshoot
of Artificial intelligence that deals with the interaction of computers and humans. NLP
programmes the mobile system in a manner that the programme can process data from
natural language. The speech is broken down into segments in the process called seg-
mentation. The broken down speech is further broken down into its constituent words
in the process called tokenizing. Each word after tokenization is called a token. The
next phase involves removing non-essential words like prepositions or stop words. At
this point, the Virtual assistance is taught the human words that have been processed by
grouping words in their tenses as one word; basically, by removing prefixes and suffixes
from the same word in different form. This process is called stemming. The VRA is
further taught based words and where they stem out from, this process is called Lemma-
tization. Finally, the VRA is taught the parts of speech and the parts of speech are used
to tag the processed words.
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Themixed-initiative dialog uses a bag-of-wordsmodel for another dialog channel. In
particular, every sentence is parsed in the conversation into the matching vector features
representing the frequencies of each meaningful word. Like NLP part of the model,
words like: ‘a’, ‘an,’ and ‘the’ are removed from the conversation. Each bag-of-word
feature vector is then normalized to �2 norm. Next, is a mapping of unexpected utterance
to a response which comes as a dialogue prompt.

Proposed SBAVS. In Fig. 5, the human ismade towear a headset that immerses him/her
into a virtual environment. The user is able to communicate with a system which is
called the dialog engine. The proposed system is a modification of the existing system.
Simple instruction by humans to the system is very adequate so, a simple NLP integrated
into the system will suffice. The mixed-initiative dialog system will be discarded from
SBAVS. The NLP will be immersed into a virtual world environment. The humans will
be able to interact with a virtual assistant using NLP. Implementing a speech-based
virtual assistance in a virtual environment will improve patients experience during for
example: eye test. When a patient is relaxed during therapy or test, the results obtained
tend to be more accurate.

Fig. 5. Proposed speech-based virtual assistance simulation architecture

The SBAVS system was created in two stages. The requirements for the first stage
were: Unity Game Engine (a software framework used in creating 3 Dimensional world
by developers), Autodesk Maya, software and Photoshop. The virtual Assistant was
created in Autodesk Maya and imported into Unity Game engine. The NLP was imple-
mented on the virtual assistant. The end result was a simple 3D simulation for Personal
Computer. When the simulation was launched on the PC, the user saw an avatar giving
instructions and asking direct questions on how to navigate around the simulation.

The requirements for the second stage are: An android phone with Operating System
4.3 and a Google cardboard 2.0 or Google VR SDK for Unity. The Google VR SDK is
available for free on the internet. The SDK was imported into the project in Unity by
going through unity menu, Assets/import package/Shooters. Changing the simulation
into VR was done through GoogleVR/Prefabs (a dialog box in Unity that allows you to
change into parameters that supports VR). When Unity was restarted, the expected VR
was experienced. When the user mounted the headset, they were able to communicate
with the Virtual assistant on how to commence the simulation.



Speech-Based Virtual Assistant for Treatment of AD Patient Using VRE 385

Machine learning in Natural Language Processing (MLNLP) was used for the inter-
action between the virtual assistant Interpreter (VAI) and the human. NLP programmed
the VAI in a manner that the programmed could process data from natural language. A
token is added to the word spoken by the human this process is called tokenization and
theword is called a token. Prefixes and suffixes are removed from theword through a pro-
cess called stemming. VRA is further taught based words and where they stem out from,
this process is called Lemmatization. The word is matched to its exact corresponding
word using K-mismatch (Fig. 6).

Fig. 6. Proposed architectural design of Natural Language processing units

4 Results and Discussions

The Task. When the user starts the simulation, stars appear at random on the screen.
The player is expected to shoot these stars without moving their neck. The farther away
the stars are from the lateral view, the more points the player makes if the stars are hit.
All points are scored as the users hit a star. The scores are updated on the screen; the
initial controls for the shooting are keys on the keyboard. Patients with AD were unable
to see and shoot up to twenty four stars in sixty (60) seconds. The result was worst when
the stars were out of the virtual field of the user (Fig. 7).

Fig. 7. Shoot at the stars to get points
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Figure 8 shows the first menu the user sees in their virtual world in the simulation.
The avatar VR assistant renders help to the user by asking how she could help. The user
response was on how to start the simulation? The VR assistant respond is in Fig. 8

Fig. 8. SBAVS menu

Users: How do I start the simulation? (Fig. 9)

Fig. 9. SBAVS menu

5 Conclusion and Recommendations

In this study, a virtual Assistance was introduced into a simulation that is meant to
detect Alzheimer Disease on aging people. The elderly finds it uncomfortable to use
modern devices because of the advancement of technology in recent times. The VRA
used NLP for communication with the human users. Her task was to make it easier for
users of the system to understand and perform the simulation task at ease. The VRAwas
designed in Autodesk Maya and exported into the Unity game engine world. The NLP
was programmed into her to make her understand simple questions from the users. This
study only focused on implementing a VRA in a simulated VR environment. Further
study will explore on the detailed tasks the patients are supposed to undergo and on how
the simulation could test for potential victims of the AD disease.
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Abstract. This article presents a self-adaptive rectenna for RF energy harvesting
applications. The receiving antenna is a slotted rectangular patch antenna with
partial ground plane for operating at 2.45 GHz (IEEE 802.11 b&g). The amount
of received power by the antenna depends mainly on the type of harvesting, either
ambient or dedicated RF energy harvesting situation. As a consequence, a rectifier
circuit is designed with two input parallel paths in order to have the ability to
operate at both low and high input power levels. The automatic power distribution
scenario is utilized in order to maintain high radio frequency-direct current (RF-
DC) power conversion efficiency (PCE) over a wide range of RF input power. The
complete rectenna is simulated taking into account the mismatch in both antenna
and rectifier sections. The PCE of the proposed rectenna is kept above 50% over
30 dBm of RF input power (from −6.3 dBm to 23.7 dBm).

Keywords: Omnidirectional antenna · Power Conversion Efficiency (PCE) ·
Automatic power distribution · Self-adaptive rectenna · RF energy harvesting

1 Introduction

The available RF energy in the surroundings will be wasted if it is not decoded and
captured by a suitable receiver [1]. The two main classifications in this field are ambient
and dedicated RF energy harvesting. The available energy sources in the public places,
restaurants, shopping centers, and so on can represent ambient RF energy harvesting
scenarios at which the harvested power is low. On the other case, when a dedicated RF
source is used this is considered dedicated RF energy harvesting scenario at which the
harvested power is high. Different advantages can be exploited using suitable rectenna
designs to capture the available RF energy depending on the destined application.

Different rectenna designs have been reported in [2–5] for RF energy harvesting
applications. Some of these designs are self-adaptive and some are not adaptive. Both
circularly and dual linearly polarized 2 × 2 antenna arrays are utilized in [2] for RF
energy harvesting IoT system. In [3], the rectenna adopts a rectifier configuration at
which two shunt diodes are used between the blocking capacitor and the series diode in
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order to maintain adaptive impedance tuning and adaptive power flow. A reconfigurable
rectenna with an adaptive matching stub is proposed in [4] at which a depletion-mode
field-effect transistor (FET) is installed and used as a switch. The performance of a self-
adaptive rectifier is evaluated in [5], but the antenna design and effect are not taken into
consideration.

In this paper, the performance of a self-adaptive rectenna is investigated. An omni-
directional antenna is adopted as the receiving antenna. The advantages and methods
for designing both linear and circular omnidirectional antennas are stated in [6–9]. The
mismatch in both the antenna and rectifier sections are taken into consideration in this
paper. Automatic power distribution is adopted by using two input paths for the rectifier
section. The PCE and input reflection coefficient (S11) are calculated for a wide range of
RF input power adopting different rectifier topologies in the adaptive rectifier paths. The
paper is organized as follows. Section 2 describes the design of the proposed receiving
antenna. The design of the rectifying circuit is explained in Sect. 3. Section 4 is devoted
to results of the proposed self-adaptive rectenna. The paper is concluded in Sect. 5.

2 Receiving Antenna Design

The geometry of the proposed rectangular slotted patch antennawith partial ground plane
is illustrated in Fig. 1. The antenna is designed on an FR4 substrate with a dielectric
constant of 4.3, thickness (h) of 1.6 mm, and loss tangent of 0.025. The antenna is fed
by a microstrip feeding line at the center of the structure. The microstrip line has a 50
ohms characteristic impedance with a width Wf. The size of the antenna is 27× 34.3×

Fig. 1. Geometry of the proposed rectangular slotted patch antenna.
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1.6 mm3. A simple rectangular patch antenna is designed, then a rectangular slot is
etched from this patch to present the main resonating mode for the proposed antenna.
The slot dimensions are half-wavelength resonator at 2.45 GHz resonant frequency. In
order to provide omnidirctional radiation pattern a partial ground plane is adopted as
shown in Fig. 1. The other dimensions of the antenna are listed in Table 1.

Table 1. Dimensions of the proposed antenna (Unit: mm).

Lf 9 Lp 18

Wf 2.4 Wp 34.3

D 8.6 Ls 8

g 0.4 Ws 32.7

Extensive simulation trials have been carried out in order to reach the matching
and omnidirectional pattern charcterisrics for the the proposed slotted patch antenna.
The partial ground plane dimensions as well as the gap between the ground and the
patch are the main factors which greatly affect the antenna results. The dimensions
of the proposed antenna are optimized using the Particle Swarm Optimization (PSO)
in the CST simulator. The proposed antenna has been investigated using two different
simulators for better validation. The comparedS11 characteristic of the proposed antenna
is displayed in Fig. 2. The reflection coefficients are obtained by using two simulation
software packages; Computer Simulation TechnologyMicrowave Studio (CSTMS) and
High Frequency Structure Simulator (HFSS) for better validation to the design and
theory. It is illustrated from Fig. 2 that the achieved frequency band (for |S11| < −
10 dB) is 2.33–2.55 GHz (with bandwidth of 220 MHz) for the 2.45 GHz ISM andWiFi
frequency band.

Fig. 2. Reflection coefficient of the proposed antenna.
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In order to clearly demonstrate the antenna operation, the surface current distribution
is monitored and portrayed in Fig. 3. Note that the current is mainly concentrated at the
rectangular slot edges at 2.45 GHz with maximum at the sides and minimum at the
center which proves that the slot acts as a half-wavelength resonator. The designed
antenna radiation patterns are examined by numerical simulations. The 3-D radiation
pattern is shown in Fig. 4(a). In addition, 2-simulation results for both the XZ-pane and
YZ-plane radiation characteristics are illustrated inFig. 4(b) and (c). The antenna radiates
in almost all directions except the Y-axis direction which is termed an omnidirectional
radiation pattern. The antenna gain variation is illustrated in Fig. 5. At 2.45 GHz, the
achieved gain, directivity, and radiation efficiency are 3.34 dBi, 4.027 dBi, and 85.46%,
respectively. It is worthy to note that the antenna is suitable for RF energy harvesting
applications since it can collect signals from various directions simultaneously, when it
is used as the receiving antenna in a rectenna structure.

Fig. 3. Current distribution of the proposed antenna at 2.45 GHz.
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Fig. 4. 3D and 2D radiation patterns of the proposed antenna at 2.45 GHz; (a) 3D, (b) XZ-palne,
and (c) YZ-plane.

Fig. 5. Gain of the proposed slotted patch antenna.
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3 Rectifying Circuit Design

The performance of RF harvester depends on many parameters such as RF-DC power
conversion efficiency (PCE) of rectifier stage, the sensitivity of harvester, operation
distance, and output power. The most challengeable target in designing is to enhance
(PCE), which measures the ratio between harvester DC output power measured on the
load terminals (Pout) and harvested power by the antenna (Pin) [10].

Improving the PCEmaximum point value at a specific RF input power is one method
to enhance PCE. The other method by keeping an acceptable PCE value over a wide
range of RF input power which is more vital for RF harvesting applications. In diode
rectifiers, the diode saturation point restricts PCE to be extended over a wide range of
input power.

The adaptive rectifier design was started by Eman et al. in [5] to extend the dynamic
range with PCE over 50%. It uses different diode topologies and packages to exploit
their effect difference on the PCE curve. The design depends on an automatic power
distribution method to route the input power automatically between two paths. The first
path has a shunt diode rectifier cell with high efficiency in low input power levels.
The second path uses three voltage doubler rectifier cells connected parallel to operate
efficiently in high input power levels. The design is simulated adopting power source
with 50 � internal resistance instead of connecting actual antenna, this paper evaluates
the adaptive rectenna design by connecting the designed antenna proposed in Sect. 2 as
illustrated in Fig. 6.

Fig. 6. The overall proposed rectenna adopting slotted patch antenna and self-adaptive rectifier.

4 Rectenna System Performance

This part introduces the simulation results of the overall rectenna using the Advanced
Design System (ADS) software. The proposed slotted patch antenna is imported to ADS
and connected to the adaptive rectifier input instead of the power source. The simulated
S11 characteristics of overall rectenna are shown in Fig. 7. The S11 indicates rectenna
input reflection coefficient without using an actual antenna, while S11rectenna indicates
rectifier input reflection coefficient with using the proposed antenna, a slight difference
is observed but the input reflection coefficient kept below −10 dB over more than 40
dBm of RF input power.
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PCE in Fig. 8 shows a stable performance when the proposed slotted patch antenna
is connected to the adaptive rectifier. The overall rectenna PCE is kept above 50% over
30 dBm of RF input power (from −6.3 dBm to 23.7 dBm). The achieved performance
in case of using the proposed antenna makes the adaptive rectenna design a promising
technique for RF energy harvesting applications.

Fig. 7. Reflection coefficient characteristics of single rectifier compared with overall self–adap-
tive rectenna.

Fig. 8. Power conversion efficiency of single rectifier compared with overall self–adaptive
rectenna.
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5 Conclusion

This article presented a self-adaptive rectenna for RF energy harvesting applications. A
slotted rectangular patch antenna with partial ground plane was used as the receiving
antenna. The achieved frequency band (for |S11| < −10 dB) was 2.33–2.55 GHz (with
bandwidth of 220MHz) for the 2.45GHz band. An omnidirectional patternwas achieved
with gain, directivity, and radiation efficiency were 3.34 dBi, 4.027 dBi, and 85.46%,
respectively. Two input paths were adopted in the rectifier circuit to operate at both low
and high input power levels to represent self-adaptive rectenna. The overall rectenna per-
formance was evaluated considering the mismatch in both antenna and rectifier sections.
The rectifier topologies adopted in this rectenna are the shunt diode model to deal with
low RF input power, and voltage doubler topology to deal with high RF input power.
The PCE is kept above 50% over 30 dBm variation in the rectifier dynamic range.
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Abstract. In an attempt to curtail and prevent the spread of Covid-19 infection,
social distancing has been adopted globally as a precautionary measure. Statistics
shows that 75%of appointmentsmost especially in the health sector are being han-
dled by telephone since the outbreak of the Covid-19 pandemic. Currently most
patients access health care services in real time from any part of theWorld through
the use of Mobile devices. With an exponential growth of mobile applications and
cloud computing the concept ofmobile cloud computing is becoming a future plat-
form for different forms of services for smartphones hence the challenges of low
battery life, storage space, mobility, scalability, bandwidth, protection and privacy
on mobile devices has being improved by combining mobile devices and cloud
computingwhich rely onwireless networks to create a new concept and infrastruc-
ture called Mobile Cloud Computing (MCC). The introduction of Mobile cloud
computing (MCC) has been identified as a promising approach to enhance health-
care services, with the advent of cloud computing, computing as a utility has
become a reality thus a patient only pays for what he uses. This paper, presents
a systematic review on the concept of cloud computing in mobile Environment;
Mobile Payments and Mobile Healthcare Solutions in various healthcare applica-
tions, it describes the principles, challenges and opportunity this concept proffers
to the health sector to determine how it can be harnessed is also discussed.

Keywords: Cloud computing ·Mobile cloud computing ·Mobile Health ·
Mobile payment · Security and privacy

1 Introduction

The COVID-19 pandemic is spreading rapidly and widely throughout the world, and as
a result of its contagious nature the demand for online services has grown tremendously.
There has been an up surge in the demand for online services most especially in the
health sector where medical personnel are obliged to convert their day to day activities
electronically and online. Research conducted by the American Medical Association
found that most physicians saw an enormous advantage in using mobile device dur-
ing the pandemic period. Consequently, the introduction of mobile technology in the
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health sector had improved previously slow-growing areas in the health sector such
as telemedicine and Ehealth. The health sector generates significant amounts of data
daily, hence democratizing and securing access to this information is important there-
fore MCC in the health sector offers mobile healthcare delivery access to resources such
as Electronic Health Record (EHR) and others medical services that are available on
demand through computing infrastructure, applications and share, transmit, and process
these data efficiently to be delivered to users as a service wherever and whenever it
is needed on the clouds rather than the old traditional standalone application on local
servers. Mobile cloud computing (MCC) has been identified as a promising approach to
enhance healthcare services, with the advent of cloud computing, computing as a utility
has become a reality thus one only pays for what he uses. In mobile cloud computing the
cloud performs the heavy lifting of computing-intensive tasks and stores huge amounts
of data.

This implies that data storage and processing are taken to a remote cloud outside of
mobile devices hencemobile cloud computing (MCC) is known as an auspicious concept
that presents a platform that provides better quality and rich computational resources.
Mobile cloud computing in medical application will minimize the limitations of tra-
ditional medical treatment such as medical errors, security, privacy and small physical
storage. The health sector generates significant amounts of data daily, democratizing and
securing access to this information is important hence MCC in the health sector offers
mobile healthcare delivery access to resources such as Electronic Health Record (EHR)
and others medical services that are available on demand through computing infrastruc-
ture, applications and share, transmit, and process these data efficiently to be delivered
to users as a service wherever and whenever it is needed on the clouds rather than the
old traditional standalone application on local servers. Other advantages include Real-
time automated analytics based on artificial intelligence routines and machine learning
algorithms and promoted cooperation.

Although the concept of mobile cloud computing in the health sector seems so
promising there are several factors such as loss of data governance, poor safety standards,
user distrust of provided security issues include data bottlenecks, resource constraints,
unpredictable performance, data locks and critical bugs in large-scale distributed cloud
systems that affects MCC performance and may result in a catastrophic consequences in
healthcare. The rest of the paper is presented as follows. Section 2 presents mobile cloud
computing and healthcare Sect. 3 highlights the principles of mobile cloud computing
Sect. 4 presents mobile cloud computing Architecture Sect. 5 highlights the opportunity
and challenges of mobile cloud computing. Section 6 concludes this paper.

2 Mobile Cloud Computing and Healthcare

Cloud computing enables access to information stored from any location at any time,
that can be used by any individual or organizations to increase productivity performance
and drastically reduce cost [5]. NIST (National Institute of Standards and Technology,
USA) defined Cloud computing as “a concept that enables a convenient, ubiquitous
and provides computing resources through a network and server’ [6]. Mobile Cloud
Computing is the integration of cloud computing and mobile devices and harnessing the
unlimited services offered by the cloud through mobile devices [7]. This implies that in
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MCC capital cost andmanagement is reduced as a result of network-connected resources
shared to maximize their utilization. MCC healthcare applications can be classified
into Imaging Information Applications, Biosignal and Telemonitoring Processing and
Electronic Health Record.

A. ELECTRONICHEALTHRECORD (EHR). AnElectronic Health Record (EHR)
is used electronically to collect and manage patient’s health information by hospitals.
This information includes patient’s allegeries, vital sign, medication and patient’s medi-
cal history. [2] reported on Electronic health record and its adoption by MCC and today
various applications have been designed to use e-Health data. [3] focused on the inte-
gration of MCC and e-healthcare records and how these records can be secured in the
MCC environment.

[4] were concerned by the limitations of wearable devices in MCC and suggested
that an offline ciphertexts be generated when accessing polices and data.

[4] raised the issue of security in the cloudmost especially in a case were voluminous
data are stored by the cloud and stated their fears about cloud security issues in Personal
Health Record (PHR) access. [4] presented an encryption-based paring method that
could improve protection and accessibility of the user. [5] studied Electronic Medical
Record (EMR) and its implementation in the cloud and highlighted the need for the
integration of several data into a single platform and provides a similar accessible user
interface.

B. Medical Imaging Storage Technologies. Picture Archiving and Communication
System (PACS) is a medical imaging technology tool used to transmit and store images
and relevant clinical report digitally in a secured manner. As a result of the growth
of digital medical images throughout the healthcare sector the need for data analysis
of images is very important [6]. [7] designed adaptive-self approach which offers a
high-resolutionmedical image transmitted and retrieved in a reliableway over a network.

[8] presented a mobile cloud medical image administration system, which offer
patients and physicians accessibility tomedical data.[9] proposed a securedMCC infras-
tructure for the storage and transmission of data [10] develop an MCC storage system
which can effectively manage medical images and health records of patients.

C. Biosignal Processing and Telemonitoring. Bioprocessing processing and Medical
telemonitoring provides a platform that enhances the growth of health care services
and reduces medical costs. [11] went on to say that bioprocessing creates an enabling
environment for healthcare services no matter the distance this implies that it processes,
collects, analyses and uses the information collected. [16] highlighted an MCC ECG
telemonitoring technique adopted for children with mental disorder. [14] designed an
MCC system that enable medical personnel such as doctors, nurses and to interact effec-
tively in healthcare service provision. [15] designed an MCC that provides emergency
through local medical personnel to patients. [13] proposed MCC healthcare system to
analysze and capture real time biomedical signals (such as Blood pressure and ECG)
from users located in different locations. [17] opined that MCC overcomes the limita-
tions associated with the use of mobile devices such as CPU power and memory size in
performing task which involves lots of time and energy thereby enhancing the benefits
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and capabilities of mobile devices. [18] highlighted another benefit of MCC by using
multimedia applications as an example. Mobile cloud computing resolves the challenges
of mobile devices by storing large multimedia files on the cloud that can be available to
mobile users whenever a request is made hence resulting in a better performance. MCC
enable patients to be monitored in real time from any part of the world and at any time.

Medical telemonitoring can be referred to the process of collecting biosignals from
the human body, information gotten from this process can be used in monitoring and
providing a better clinical diagnosis [22]. [19] presented an Electrocardiogram (ECG)
measurement system which was created based on a mobile cloud infrastructure, to effi-
ciently report health issues for elderly people. [20] proposed a mobile cloud vital sign
detection system which stored and extracted user data, characteristics and history for
each individual user under different circumstances, however when there is an emergency
an alert would be reported. MCC have also been adopted and utilized for different kind
of diseases and diagnosis [22]. Many researchers have said that medical telemonitoring
improves healthcare efficiency and reduces medical costs [15].

3 Principles of Mobile Computing

MCC Mobile cloud computing combines mobile computing, cloud computing, and
mobile Internet into one solution. It can be defined as the availability of cloud com-
puting services in a mobile setting. It combines the benefits of all three technologies and
is thus referred to as mobile cloud computing. Mobile cloud computing is a novel com-
puting model in which data processing and storage are relocated from mobile devices to
powerful and centralized cloud computing platform which can be accessible on mobile
devices via wireless connections and web browsers.

This is similar to cloud computing, but the client side has been enhanced to make
it mobile-friendly, but the core concept remains the same MCC can be split into cloud
computing and mobile computing. Mobile user sends a request to the cloud via a web
browser or desktop application, and the cloud’s infrastructural managerial component
allocates resources to the request and lunch a connection, while mobile cloud comput-
ing’s monitoring and calculating functions are implemented to ensure QoS until the
connection is established.

4 Mobile Cloud Computing Architecture

Mobile healthcare (m-healthcare) was developed to provide easy accessibility to mobile
healthcare users to the resources such as (e.g. patient electronic health records) and
provide a variety of distributed services. MCC is applied to healthcare to limits the errors
such as small storage, medical errors and security of the traditional medical applications
[23].Mobile Cloud Computing is seen as “an infrastructure where data is been processed
and stored outside of the mobile device” [24].

In [25] MCC is seen as a new model for mobile applications: “which is moved to a
powerful and centralized computing platform in the cloud” (Fig. 1).
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5 Opportunities and Challenges of Mobile Cloud Computing
in Health Care

Mobile Cloud Computing require huge amounts of communication and computational
resources which involves access to necessary health information anywhere and at any
time hence the need for networked healthcare [15]. Although Mobile Cloud Computing
offers great benefits, there are still some limitations such as data storage on the cloud,
and protection of user’s privacy from unauthorized access and from malicious attacks
[27].

• Collaboration

Collaboration entails sharing of data. MCC has made data sharing much simpler and
easier to achieve. MCC enable medical records to be remotely shared securely with
important healthcare providers such as doctors and pharmacists from any location in the
world real time. MCC also offers a platform for conferencing and updates on patient
current health situations making MCC an ideal partner for healthcare personnel.

• Cost

MCC offers a platform through which services are paid for on the go. This implies that
a patient only pays for the services they use.

5.1 Security Challenges of Mobile Cloud Computing in Health Care

MCC guarantees security because cloud service providers such as Azure and AWS
used several protection n techniques such as customer-controlled encryption, network
fireball and take precautionary measures to adhere with privacy regulations such as
GDPR and HIPAA []. MCC has the capacity to raise alarm when there is a malicious
activity. However, Covid- 19 and social distancing has generated voluminous amount of
data most especially in the health sector where most people with little or no idea about
information security issues prefer making consultation or working from home rather
than going to the hospital. As shown in Fig. 2, the Security challenges of MCC-based
healthcare applications could be categorized into Application, Data privacy, Internet
Service Provider, CCE and Personal devices.

The use of MCC for data collection during the pandemic has been very phenomenal
in curbing the deadly coronavirus disease and also discovering a medication that can
eradicate the disease, however, vast majority of patients would rather prefer consulting
from home which has led so many into to using their personal devices to transfer and
also access data from the Internet, these methods may not be secured enough because
data can be copied or hacked in the process.

The demand by users on Internet service providers (ISPs) as a result of the pandemic
has been huge and has turned out to be a major challenge for Internet service providers
(ISPs). [31] reported that the use of the internet in some European countries was up to
50%. As traffic reached a peak of 30% most ISPs in the UK had to relax data limit on
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Security 
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Internet Service 
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Fig. 2. Types of mobile cloud computing challenges in the health care

some of their internet platform in order to accommodate millions of Britons learning
or working from home which resulted in ISPs downsizing on the quality of streaming
device a typical example is the case of Netflix an online media platform famous for
entertainment and streaming movies, prior to the Covid-19 era aired their videos using
high definition because of the downsizing most Netflix videos were played in standard
who had to air their video in standard [32].

5.2 Application Challenges

The issue of social distancing made learning or working from home inevitable however
this challenge led to evolutional social media application that enable people from var-
ious location and at any time communicate as if they were together. [31] highlighted
the need for a remote collaboration tools which enable a collective group of people
working together without being physically together. virtual meetings and virtual work
have become the best way to work and interact from home a typical example of work
apps are Zoom, Ding talk and WeChat Work [32]. As a result of the rapid growth of
work application it has been a major target for hackers as most of these applications
has be hacked and pirated due to the security faults in the application. In January 2020,
America’s Zoom jumped from No. 180 to No. 28 at the end of February 2020 in terms
of installs and downloads [32].

5.3 Personal Devices

Majority of those working from home barely understand the security issues surrounding
the use of personal devices. Personal devices such as laptops, tablet and personal which
hasn’t been in use for a while might require an antivirus or an update for the operating
system before it could be used on line. Cybercriminals have malicious software that
tablets unsecured mobile devices to and gain access to vital information on these devices
[32].

6 Conclusion

The application of cloud computing in healthcare seems promising as it offers flexibility,
scalability, cutting down medical cost as computing as a utility has become a reality
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allowing a patients pay for what he uses and empowers global collaboration in the
health sector which in turn can positively impact the health care in numerous way.
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Abstract. The process of bridging the gap between reality and virtual data has
been possible through exponential technologies such asMixedReality (MR),Aug-
mented Reality (AR) and Virtual Reality (VR). MR has so far proffered numerous
advantages ranging from communication, navigation,medical aid, datamodelling,
visualization, and education to remote accessibility across diverse platforms. This
paper proposes a systematic framework for knowledge acquisition and synthe-
sis through MR based constructivism learning theory. The methodology uses a
bottom-up approach and is based upon the Dryfus modelling. The existing draw-
backs of poor learning retention, interactive knowledge acquisition and synthesis
are addressed based upon MR technology. The framework provides the basis for
embedding MR technology into analyzing and enabling human practical knowl-
edge, as well as extending the scope for knowledge acquisition to rediscover the
learning process in educational environments. Furthermore, existing MR based
solutions for learning theories are reviewed. The validation of the proposed frame-
work is carried out using technology acceptance model. The real-time knowledge
acquisition device embedded with MR technology is explored and enhanced to
demonstrate the accuracy and efficacy of the proposed framework.

Keywords: Technology based learning · Blended learning ·Mixed reality

1 Introduction

In view of Facebook metaverse transformation, the expectation of high usage traffic for
exponential technologies like VR, AR andMR is bound to touch new heights in the next
decades. These immersive technologies will embed and integrate IoT, cloud, edge, and
fog computing to provide diverse applications and cross-platform end user products.

Therefore, a unified and systematic framework model should be considered as the
primary research focus to address the existing research gaps and avoid conflicting issues.
Hence, the aim of this study is to propose an MR-based framework for blended learning
environment. Furthermore, the COVID-19 pandemic has created havoc across the globe,
where all the countries are focusing on the availability of resources to mitigate and
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manage the consequences of the pandemic. Novel solutions should be made available
to users who want to focus on controlling and communicating access remotely. These
solutions will enable the remote access across diverse environments via a systematic
approach involving the immersive technology of MR without the need for physical
presence of people and eliminating the necessity for highly touched surfaces.

2 Overview of MR, VR and AR

A clear understanding of the effects of novel solutions to overcome the consequences of
the pandemic is to be focused upon currently. Hence, many researchers are working on
the discovery of new solutions in the fields of health care, remote learning, economics,
and national security that have been affected by the pandemic. Among these solutions
is a possible technology that will replace the direct involvement of people and to enable
remote learning through MR based applications and devices. Both the AR and MR
technologies have the ability of remote controlling and accessing from distant places
using virtual interfaces. The VR technology enables partial or full immersion of users
in a complete artificial digital environment. The AR technology arguments, or in other
words, overlays virtual objects on the real-world environment. AR is basically real
world enhanced with digital objects, whereas VR is fully immersion into the virtual
digital environment. On the other hand, the MR technology does not only arguments
virtual objects onto real-world environment, but also anchors and allows user to interact
with those objects, thus enabling both real world and virtual environment interactions.
The virtuality continuum taxonomy has been depicted in Fig. 1. The figure depicts the
three exponential technologies and their related interactions to achieve the respective
virtual worlds. The structure of the paper further comprises of Sect. 3 that describes the
background study, which is then followed by framework insights description in Sect. 4
and conclusion in Sect. 5.

3 Background Study

3.1 Technology Driven Learning

The MR technology allows one to fetch real world bottle, play a virtual video game,
connect to someone at a remote place virtually, smack a video game character with
real world objects and communicate with the virtual objects across the virtual space.
These technologies are taking up a much faster pace of development, which makes
the differences between AR, VR and MR seems to be sleek and puzzling. The post
pandemic scenario has changed the lives of millions of people across different countries
in the world. It has made remote access, remote learning, and communication as one of
the necessities to survive the collateral damage done by COVID-19. Although there is
an emergence of such immersive technologies pre-COVID-19, but the implementation
of these technologies in real time and the utilization across diverse platforms has started
to boom rapidly only at post-COVID-19, with the purpose of getting back to normalcy
while maintaining health safety protocols. VR is the most widely known technology. It
provides either fully or partially immersive experience, which enables the users to enter a
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virtual environment. The VR headgear device allows the users to navigate digital worlds
that comprising of images and audio, as well as manipulating the virtual objects using
markers that are connected to a centralized console or computer. This methodology has
enabled learning in a blended environment which is far more interesting. This unique
learning experience can lead to greater learning retention rate. There are many research
in the literature about VR based techniques and methods in the education sector. On the
other hand,AR imposes digitally generated content onto the real-world environment.One
of the major successes of AR technology implementations is the Pokémon Go game that
kept the netizens intrigued by its popularity and excitement for distinctive digital world
interaction. This technology keeps the real-world environment as themediumbut embeds
it with digital attributes structuring enhanced layers of insights, complementing the real
environment. The educational field has witnessed several research contributions ranging
from medical assistance to virtual classrooms and virtual educators for expertising in
artistic skills. MR integrates both real world and digital elements together.

3.2 MR in Education Sector

In MR, there is anchoring, interaction and manipulation of both virtual and real-world
entities and environments, with the aid of sophisticated futuristic sensing and imaging
techniques. One can immerse into the surrounding world, while interacting with virtual
world through wearable MR based headset. It enhances the virtual digitally manipula-
tive environment with simultaneous focus on both real and virtual worlds, dissipating
between respective concepts, thereby escalating the gaming and remote access expe-
rience to a whole new level. With the advancement in multimedia, 3D graphics, and
digitalization, there are research about MR technology for surgery and patient educa-
tion related applications [1]. In education sector, MR has been applied to understand
the complex and inaccessible phenomena through the intriguing visualization attributes.
For example, for the study of the tangibility of the organ relationships in human body,
explanation about planned surgical procedures using virtual renditions of computerized
holography was proposed [1].MR has beenmanifested to enhance students’ understand-
ing of spatial space and holographic structure, leading to increased rate of conceptual
learning retention. MR has the capability of providing learning space, affording a safe
distributive digital training environment [2]. The efficiency of MR in enhancing the
visualization and communication skills with respect to the aspect of construction has
improved over the decades to the extend in which it is proven to be equally effective, if
not more, as compared to traditional learning processes.

Blended learning is an innovation in education sector in the revolutionary era of
digitalization. It is an ideal model for learning experiences using the AR, VR and MR
technologies. Nowadays, educators and students are embracing the new norms of virtual
training and the issues that crops up with it [3]. These avenues need to be explored and
tested to enhance and improvise educational experiences for all users. The taxonomy for
blended learning components with respect to the reality technologies has been depicted
in Fig. 2. The usability, engagement, and effectiveness of therapeutic rehabilitation in
3D immersive digital environments increases with the game mechanism, graphical user
interface and design metrics [4]. The visualization retreating technologies such as MR,
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VR, AR, and virtual stereomicroscopy provides improvised training methods and sur-
gical workflow techniques for surgeons and medical students [5]. MR holds promising
future by providing virtual improvisations to the imaginative vision, enabling a fully
immersive environment for the user to have inherent communication with the anchored
or superimposed digital information.

Fig. 2. Taxonomy of blended learning for reality technologies (adapted from [3])

3.3 Advantages of MR Over AR and VR

The technology of MR imparts content mastery, efficient communication, problem solv-
ing, self-directed training, critical analysis, and practical thinking in comparison to AR
and VR [6]. It is essential to not only to examine whether the AR systems satisfy the
real focus of education, but the systems should also be able to virtually supplement the
learning process [7]. Furthermore, AR needs to undergo a more robust investigation
for healthcare purposes as the subjective measures of medical procedural parameters
are very limited or absent. The previous research contributions have provided many
solutions to develop AR and VR applications based on cloud-based platforms [11, 18].
However, those solutions lack of a generalized and integrated model to tailor with the
diverse nature of reality technologies. The MR technology is a promising direction for
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user interaction with data and it provides a rich experience when compared to AR and
VR [8]. The research contribution in [9] presents the glasswork traditional craft in the
form ofMR installation enacting the gestures of a glass master holding a tool and getting
rated on the accuracy and performance based on audiovisual feedback. The preliminary
validation results have shown higher acceptance rate and improvised user interest for
MR in comparison to AR or VR.

MR based immersive and interactive holograms influenced the users to have posi-
tive and effective learning experience. The presence and controlling of holograms with
the sensory movement of touch, audio and visual improvised the learning flow of the
students. Therefore, it was found that there was a direct correlation between immersive
learning, highly calibrated information, with inclusion of skillful learning environment
and flow of learning [10, 11]. Human activity tracking and recognition based on sensors
have been widely employed due to the increasing utilization of sensing technologies,
wearable devices, higher security, and privacy such as MR, in comparison to the visual
based user movement recognition such as AR and VR [12].

With the advancements in theMR technology, the renditions between the representa-
tion of data on screens or other surfaces across the platform spaces become increasingly
attention seeking and requires research focus. An overview of different data visualization
states inMR followed by the facilitation of common visualization task has been explored
in [13]. One of the challenges for those who learn arts using virtual environment is the
lack of physical instruments, such as piano, during the training sessions, where there is
a necessity to strike a balance between understanding theoretical concepts and practi-
cal knowledge acquisition. This can be well achieved using MR in comparison to AR
or VR [14–16]. The MR immersive learning environments in assisting researchers and
developers to consider improvised learning outcome, design principles and enhanced
learning flow were discussed in [17]. The future research directions should focus on
devising innovative MR based methods to explore the MR technology for increasing the
quality of education and improvising the learning retention rate [19, 20].

4 Systematic Framework for MR Based Blended Learning
Environment

The proposed framework followed a bottom-up approach based onDreyfus skill acquisi-
tionmodel [21] and constructivism learning theory [22]. It forms the basis for embedding
MR technology into enabling and improvising human practical knowledge to rediscover
the learning process as depicted in Fig. 3.

The framework comprises of holographic data developed using unity engine, which
is then communicated using HoloLens. This engine comprises of objects, MR toolkit,
andweb services (cloud/fog/computing architecture). The objects in the blended learning
environment depicts the digital representation of the attributes and sensing technologies
(visual and audio). Each object consists of classes that define functionality and workflow
of the learning environment. The platforms in which the concept of blended learning
are applied include virtual classrooms, learning/training studios, in-house practice areas
along with intraprocedural parameters so that the framework works across diverse appli-
cations. The devices include Microsoft HoloLens, MR based headset, image markers
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Fig. 3. Systematic framework of MR based blended learning environment (adapted from [2])

for movement rendition, cameras for recording audio and video output. The front end is
the target object (user), tracker, recognizer or the tracking agent that can communicate
with the holographic interface and allow for further interactions. The backend compo-
nents are the centralized data center that perform the data processing and cloud-based
applications that connect the device with web-based services. The buttons on the inter-
face are utilized for the management, communication, and control of the holographic
content through either the slider button or the click selection button based on the type
of action being invoked. The user interface is designed and developed for the process
of marker recognition, triggering of actions, identification of events and calibration of
data for the information being fetched from the command center. The work modules of
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the framework consist of algorithms and C# programs for event sequence, interaction
between objects, event driven procedural parameters and library generating functions.
The report object provides data about the tracking calibration between the target object
and holographic interface, synchronization between the events and information about
hologram rendition.

TheMicrosoft HoloLens only allows and enables for the activation of objects through
sensory gestures such as click or double click. To access the blended learning environ-
ment, the Holographic content needs to be activated in the HoloLens interface followed
by connecting to the learning environment through the web services.

5 Conclusion and Future Work

The need for timely, efficient, and effective remote learning in the post COVID-19
times, has resulted in the rapid growth rate of MR technology adoption. The sensing and
wearable technology assisted blended learning environment framework proposed in this
paper is aimed to be developed, implemented, tested, and validated for user perception
and acceptance rate as future work. The framework presented in this paper extends
the scope of knowledge acquisition to reach new heights in remote learning process in
blended environments.

The visually enhancing and interactive methodology for blended learning environ-
ment of MR-based training in the constructivism learning theory has been explored in
this paper. With the advancement in the MR technology as well as the essence of skil-
ful training, education will depend on the training tools and learning environment, in
addition to the type of learning theories that are employed. The future of MR in the
field of education and training has been envisioned to solve many existing technical
challenges, but more importantly, it should also focus on creating a world-wide interest
and excitement for MR based training thereby leading towards a revolutionary impact
on the overall remote learning education platform.
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References

1. Anton, E., Schuir, J., Teuteberg, F.: The force of habit: examining the status quo bias for
using mixed reality in patient education. In: Proceedings of the 55th Hawaii International
Conference on System Science, pp. 4248–4257 (2022)

2. Ogunseiju, O.O., Akanmu, A.A., Bairaktarova, D.: Mixed reality-based environment for
learning sensing technology applications in construction. J. Inf. Technol. Constr. 26(March),
863–885 (2021)

3. Kovalenko, V.V., Marienko, M.V., Sukhikh, A.S.: Use of augmented and virtual reality tools
in a general secondary education institution in the context of blended learning. Inf. Technol.
Learn. Tools 86(6), 70–86 (2021)

4. Belinskiy, A.: Usability study mixed reality for upper body limb rehabilitation usability study
mixed reality for upper body limb rehabilitation author , January (2022)



416 J. Iqbal et al.

5. Torabinia, M., Caprio, A., Fenster, T.B., Mosadegh, B.: Single evaluation of use of a mixed
reality headset for intra-procedural image-guidance during amock laparoscopicmyomectomy
on an ex-vivo fibroid model. Appl. Sci. 12, 2 (2022)

6. Southgate, E., Grant, S., Ostrowski, S., Norwood, A., Williams, M., Tafazoli, D.: School
students creating a virtual reality learning resource for children (2022)

7. Brunzini, A., Papetti, A., Messi, D., Germani, M.: A comprehensive method to design and
assess mixed reality simulations. Virt. Real. 0123456789 (2022). https://doi.org/10.1007/s10
055-022-00632-8

8. Elawady, M., Sarhan, A., Alshewimy, M.A.M.: Toward a mixed reality domain model for
time-Sensitive applications using IoE infrastructure and edge computing (MRIoEF), no.
0123456789. Springer, US (2022). https://doi.org/10.1007/s11227-022-04307-8

9. Carre, A.L., et al.: Mixed-reality demonstration and training of glassblowing. Heritage 5(1),
103–128 (2022)

10. John, B., Kurian, J.C., Fitzgerald, R., Goh, D.H.L.: Students’ Learning Experience in a
Mixed Reality Environment: Drivers and Barriers. Communications of the Association for
Information Systems, pp. 556-581 (2022)

11. Kolovou, M.: In search of assessment shifts in embodied learning science research: a review.
J. Sci. Educ. Technol. 0123456789 (2022). https://doi.org/10.1007/s10956-021-09952-x

12. Xia, S., Chu, L., Pei, L., Zhang, Z., Yu, W., Qiu, R.C.: Learning disentangled representation
for mixed- reality human activity recognition with a single IMU sensor. IEEE Trans. Instrum.
Meas. 70(Mi), 1–14 (2021)

13. Lee, B., Jenny, B., Dwyer, T.: A Design Space for Data Visualisation Transformations
Between 2DAnd3D InMixed-Reality Environments, vol. 1, no. 1.Association forComputing
Machinery (2022)

14. Molero, D., Schez-Sobrino, S., Vallejo, D., Glez-Morcillo, C., Albusac, J.: A novel approach
to learning music and piano based on mixed reality and gamification. Multimed. Tools Appl.
80(1), 165–186 (2020). https://doi.org/10.1007/s11042-020-09678-9

15. Widiyanti,D.E.,Asmoro,K., Shin, S.Y.,Member, S.:HoloGCS :MixedReality-basedGround
Control Station for Unmanned Aerial Vehicle, pp. 0–12 (2022)

16. Iqbal, J., Sidhu,M.S., Nasional, U.T.: A system framework for computer vision and AR based
dance learning technology. Aust. J. Basic Appl. Sci. 9(19), 27–34 (2015)

17. Aguayo, C., Eames, C., Cochrane, T.: A framework for mixed reality free-choice, self-
determined learning. Res. Learn. Technol. 28(1063519), 1–19 (2020)

18. Chen, C.J.: Theoretical bases for using virtual reality in education. Themes Sci. Technol.
Educ. 2(Special Issue) 71–90 (2009)

19. Kommetter, C., Ebner, M.: “A pedagogical framework for mixed reality in classrooms based
on a literature review”, EdMedia + Innov. Learn. 2019(July), 901–911 (2019)

20. Elliott, J.B., Gardner, M., Alrashidi, M.: Towards a framework for the design of mixed reality
immersive education spaces. In: Proceedings of the 2nd Eur. immersive Initiat. summit, Paris,
Fr., no. November, pp. 63–76 (2012)

21. Iqbal, J., Sidhu, M.S.: Acceptance of dance training system based on augmented reality and
technology acceptancemodel (TAM).Virt. Real. 0123456789 (2021). https://doi.org/10.1007/
s10055-021-00529-y

22. Iqbal, J., Sidhu,M.S.: A taxonomic overview and pilot study for evaluation of augmented real-
ity based posture matching technique using technology acceptance model. Procedia Comput.
Sci. 163, 345–351 (2019)

https://doi.org/10.1007/s10055-022-00632-8
https://doi.org/10.1007/s11227-022-04307-8
https://doi.org/10.1007/s10956-021-09952-x
https://doi.org/10.1007/s11042-020-09678-9
https://doi.org/10.1007/s10055-021-00529-y


Expanding Rural Community Networks
Through Partnerships with Key Actors

Ignacio Prieto-Egido1(B) , Javier Simó-Reigadas1 , Eva Castro-Barbero1 ,
and River Quispe Tacas2

1 Rey Juan Carlos University, 28942 Madrid, Spain
ignacio.prieto@urjc.es

2 Pontifical Catholic University of Peru, Lima, Peru

Abstract. The infrastructures deployed by classical telecommunications oper-
ators are appropriate and cost-effective for urban-oriented business models, but
rural areas with very low population density require alternatives both in terms of
the technology used and in business models. New generation networks become
more and more dense and heterogeneous, increasing the gap as operators can-
not spend the required CAPEX and OPEX in sparsely populated areas where the
revenues will certainly be very low.

At the same time, an increasing number of communities worldwide provide
themselves networking solutions, which is becoming a global alternative move-
ment called “community networks”. However, rural areas are challenging because
of the technical difficulties of getting connected to the world and the scarcity of
technical skills, among other reasons. Other stakeholders such as municipalities
or regional governments are also relevant actors but cannot provide a solution by
themselves.

Partnerships between different actors for deploying rural connectivity could
be the answer, taking advantage somehow of the “shared infrastructure model”
proposed in IETF RFC7962. This paper analyses the relationship between dif-
ferent stakeholders and the main elements to consider when deploying mobile
communications services in isolated and sparsely populated regions. The analysis
uses a case study from the Napo River Network in Peru and compares it with
other experiences such as Zenzeleni Networks in South Africa or Rizhomatica in
Mexico.

Keywords: Rural communications · Community networks · Shared
telecommunications infrastructures · Collaborative networking model

1 Introduction

Many rural communities in developing countries do not have access to communications
services, unlike urban areas where these services have rapidly grown. This connectivity
gap ismainly due to the high complexity and cost of classical telecommunications infras-
tructures and the urban-oriented businessmodels of traditional operators, suited for dense

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
G. Salvendy and J. Wei (Eds.): HCII 2022, LNCS 13337, pp. 417–435, 2022.
https://doi.org/10.1007/978-3-031-05014-5_35

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-05014-5_35&domain=pdf
http://orcid.org/0000-0002-4410-8721
http://orcid.org/0000-0002-4550-0506
http://orcid.org/0000-0003-0421-632X
http://orcid.org/0000-0002-8434-2512
https://doi.org/10.1007/978-3-031-05014-5_35


418 I. Prieto-Egido et al.

human concentrations but neither appropriate nor cost-effective in regions characterized
by isolation, low population density, and scarcity of many critical resources.

In the last two decades, many communities have developed their own networking
solutions in urban areas (and rarely in rural areas) [1], generating a global alternative
movement of community networks that relies on awide range of accessible technologies.
Most of them use wireless mesh networks with some extra elements such as open mobile
base stations or complementary high-capacity optical fiber links. However, in rural areas,
the challenge remains very complex because of the high number of disconnected com-
munities, the low population density, the scarcity of people with technical skills, the
diversity of contexts, and the limited support from public institutions, among other rea-
sons. In rare cases, governmental institutions have assumed the challenge to deploy
and maintain rural telecommunications infrastructures to bear e-Health, e-Learning, or
e-Government strategical services, but sustainability results are not always promising
[2, 3].

As the complexity and cost of new generation telecommunications technologies
grow, it ismore andmore difficult for a single stakeholder to take thewhole responsibility
of designing, deploying, and operating greenfield rural telecommunications infrastruc-
tures. In this sense, some authors propose to foster partnerships between different actors
involved in deploying rural connectivity [4]. Due to the extreme difficulties that the rural
contexts present for each stakeholder separately, ideas such as the ‘shared infrastructure
model’ proposed in IETF RFC7962 [5] and complex partnerships as in the Napo case [6]
suggest that those rural telecommunications infrastructures require the participation of
many of them allied to make them feasible and sustainable. However, there are historical
difficulties for partnerships involving private, public, and third sector entities that cannot
be neglected.

This paper analyses the relationship between different stakeholders and the main
elements to consider when deploying mobile communications services in isolated and
sparsely populated regions. A simple analytic framework is proposed and then used to
examine three different cases that permit to examine how partnerships have been built in
a variety of scenarios and what the contributions of the different stakeholders have been.
The impact of those contributions on the integral sustainability of the project is also
regarded. Even though the results obtained may suggest certain partnerships, pushing
those actors to cooperate respecting and trusting each other may be challenging in many
cases. Those difficulties are out of the scope of this paper which only aims at suggesting
processes that may be worth exploring.

The rest of the paper starts with a methodology section, continues with the analysis
of elements required for rural telecommunications projects, and then the three cases
proposed are examined and compared. After that, we will reflect on how each model
addresses the different dimensions of integral sustainability. Finally, conclusions are
extracted.

2 Methodology

The first step will be a systematic identification of all critical elements commonly
required for the construction, operation, and maintenance of a rural telecommunications
infrastructure.
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Secondly, three different caseswill be studied to analyzewhat actors participated sub-
stantially in deploying, operating, and maintaining a rural telecommunication network
and their contributions. The three cases are the Napo project in the Peruvian Amazon
Rainforest, Zenzeleni Networks in South Africa, and Rizhomatica in Mexico. These
cases have been chosen because they are successful experiences very different among
them in their specific objectives, geographical context, actors involved, and technology
used. The authors have had easy access to accurate information about at least the first
two cases.

Thirdly, considering that integral sustainability has different dimensions (technolog-
ical, economic, institutional, cultural, and political), an estimation will be proposed on
how those contributions impact on integral sustainability.

Finally, the cases will be examined, looking for differences and coincidences in the
partnerships that have been established to provide all the necessary elements in deploying
andmaintainingmobile communications services in those projects. Relevant information
on how these contributions impact sustainability will be studied in a separate analysis
to highlight possible (dis)advantages for a given actor to contribute with a particular
element. The methodology used to analyze the impact on sustainability is similar to a
previous work explicitly focused on that aspect for the Napo project [6].

3 Elements Required for Rural Telecommunications Projects

Rural telecommunications infrastructures are complex systems. Many of the elements
needed for the successful deployment and operation of these networks are intangible,
and those may be critical. Accepting this, this paper focuses on fundamental elements
in the tangible side.

Rural telecommunications networks usually extend on large areas to eventually reach
sparse small towns or villages where access to the network happens in hotspots through
base stations of any access technology (3G, 4G, 5G,WiFi,…).Although the ideal case for
this kind of network would provide people ubiquitous access over the territory, real cost-
effective networks only ensure coverage on populated areas and their surroundings. Rural
telecommunications networks often have twodifferent segments: (1) a transport network,
typically a wireless mesh network, interconnecting human settlements among them and
with a POP (Point of Presence) of a globally connected larger network, and (2) access
networks deployed in the human settlements and using the transport network as backhaul.
AAA (Authentication, Authorization, and Accounting) access network functions may
require systems installed in data centers placed either close to the POP or even in the
carrier’s network. Although a particular network may differ from this basic scheme, this
is assumed to be general enough, and it is represented in Fig. 1.

Assuming this basic architectural model, Table 1 disaggregates the main elements
that will be seen separately when reviewing what contributions are needed in a collab-
orative rural telecommunications infrastructure. Obviously, many important details are
not in this table, but it is comprehensive enough for an initial discussion about who can
contribute with tangible assets required for a future rural telecommunications project.
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Fig. 1. Rural telecommunications network architecture representing a general scheme in which
most existing networks may fit. (Note: icons from Icon Fonts, CC BY 3.0).

4 Case Studies

4.1 The Napo Network in Peru

The Napo network is a linear rural telecommunications network deployed along the
Peruvian stretch of the Napo River from Iquitos up to the Ecuadorian border.

The network presently connects to global networks in a POP placed in Iquitos and
extends 450 km to the North along the river using 17 enchained WiLD (WiFi over Long
Distances) point-to-point wireless links ranging from 19 to 55 km long each. As the
Amazon rainforest is very flat and with many tall trees, very high supporting structures

Table 1. Basic network elements for each network segment. Except for services, the difference is
made in elements contributing to CAPEX (capital expenditure) or OPEX (operations expenditure).

Segment CAPEX OPEX

Transport network - Communications equipment
- Wired infrastructures
- Civil work (supporting
structures and canalizations)
- Design & deployment

- Spectrum licensing
- Carrier’s POP
- Maintenance
- Operation & management
- Powering

Access network - Access points / base stations
- AAA equipment
- Civil work (supporting
structures and canalizations)

- Spectrum licensing
- Accounting and billing
- Maintenance
- Operation & management
- Powering

Services - Telephony service
- Internet access service
- Technical support to end-users
- Vertical services (e-Health, e-Learning, etc.)
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(as much as 92 m) were deployed to ensure line of sight, the last 14 of them being placed
in human settlements along the river.

The initial purpose for this infrastructure was the interconnection of the public health
facilities in villages with the Iquitos hospital for telemedicine. Additionally, a parallel
network was added on the same supporting structures in 2013 for backhauling a 3G
access network deployed in eight of those villages [2] and providing voice and data
services.

Context and History. Before the deployment of the Napo network in 2006–2007, there
was no access to communications services in the area from Iquitos to the Ecuadorian
border. The population density in the region is extremely low, but there are many small
villages ranging from a few hundred inhabitants to a bit over 3000. Most people work
in agriculture and farming, many of the villages have a health post, and a few have a
bigger health center and a primary school.

In that context, the EHAS Foundation and the GTR (Rural Telecommunications
Group) of the Pontifical CatholicUniversity of Peru identified the need for a telemedicine
network that they designed, deployed, and put into operation in 2007, funded by the
Global Fund. The property of this infrastructure was transferred to the regional gov-
ernment of Loreto, as well as the responsibility for managing and maintaining it.
Nevertheless, the GTR kept improving and supporting the network for many years.

Between 2013 and 2016, the TUCAN3G research project allowed the network
upgrade with newer equipment and augmented capacity as well as the addition of the 3G
access network. Nowadays, 8 villages have 3G services (voice and data) with Huawei
micro-BS. In the meantime, the Peruvian government approved laws for creating and
regulating a new type of wholesale entity called RMIO (Rural Mobile Infrastructure
Operator). Hence, the consortium developing this project included Telefónica del Peru
as MNO (Mobile Network Operator) and Mayu as SRO (Small Rural Operator, general
category in which the Peruvian RMIOmay be included). The introduction of the SRO in
the equation had some positive collateral effects, as previously the regional government
was finding it difficult to carry on with the telemedicine network maintenance, and the
new deal included the assumption of this task by Mayu in exchange for the permission
for using the supporting infrastructures for the backhaul of the mobile access network.
The promising results of the TUCAN3Gproject attracted the interest of theDevelopment
Bank of Latin America (CAF), which invested money for extending and improving the
network [3, 7].

Stakeholders. Although more detailed information may be found in [6], the following
basic information makes it easier to understand how the different actors participate in
this project.

• EHAS: non-profit organization (NGO) registered in Spain and Peru, aiming at
improving the living conditions in rural developing regions through telemedicine
networks and services. EHAS led the international project EHAS-@ALIS in which
the Napo telemedicine network was designed and deployed in 2006–2007. After that,
EHAS kept monitoring the network evolution and collaborating with GTR-PUCP in
upgrading and improving the network and telemedicine services.
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• GTR-PUCP: research & development group in the Pontifical Catholic University in
Peru, sited in Lima. Since 1999, GTR has been working on designing, deploying, and
improving telecommunications networks in isolated regions of Peru. Many of these
projectswere done in collaborationwithEHAS.Engineersworking inGTRare experts
in designing, deploying, and monitoring rural radiocommunications infrastructures
and are also experienced in cooperation with regional governments, operators, and
local associations.

• The regional government of Loreto: since the inception of the Napo network, the
regional government was supposed to receive the ownership of the infrastructure and
carry on with the operation and maintenance for telemedicine purposes. The assump-
tion of full responsibility in network operation and maintenance was challenging for
this public institution for many reasons, and many efforts were made to reach an
acceptable grade of service. The final solution was to transfer the responsibility for
the network maintenance to Mayu.

• Mayu: as the Peruvian government officially regulated SROwith the RMIO regulation
in 2015, Mayu became the first RMIO in Peru and accepted the management of
the rural infrastructure of the Napo network. Mayu uses the infrastructure owned
by the regional government of Loreto, installs additional equipment for the mobile
communications services, including base stations, powering equipment, and other
systems, and operates the regional mobile network. They also maintain the whole
network, including parts that may only affect telemedicine. They connect the rural
infrastructure to Telefónica’s POP in Iquitos, where all the traffic (voice and data) is
exchanged with Telefónica.

• Telefónica del Peru: country-wide MNO. They doubted whether to enter to provide
mobile telephony service in an area as complicated as the Napo river basin because
Peruvian regulations prevent it from abandoning the service in an area once it has
begun to be provided. The TUCAN3G project explored and proposed a technical
solution and a business model that allowed them to provide 3G services in several
villages. Telefónica conditioned the choice of Huawei micro-BS so that they could
provide AAAwith the network controller they already had. They exchange user traffic
in Iquitos and share management & operation with the SRO.

• Communities: more than 20.000 people in 14 villages are active or potential users of
the Napo network. Users were interviewed prior to the design and deployment of the
network to know their needs and expectations. They have also been considered later
in evaluations. In addition, communities in this project are users and consumers but
have never been active actors co-owning the network.

Analysis of Contributions. In the following, the actor(s) contributing to each element
is/are identified:

Transport Network:

• Communications equipment – wireless links using Mikrotik IEEE 802.11ac equip-
ment. All were installed and initially configured by EHAS and GTR-PUCP. The cur-
rent responsible for the network operation (Mayu) manifests preference for carrier-
class systems they use in other networks for the sake of robustness, so this might
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change in the next future. The link that connects with the city of Iquitos is already
implementedwithCarrier-class equipment and in a licensed band to avoid interference
problems.

• Frequencies for wireless communication – unlicensed spectrum in the 5 GHz band.
EIRP limitations in Peru exist but are less restrictive for rural areas.

• Wired infrastructures – none.
• Civil work (towers, canalizations, supports on buildings, etc.) - towers up to 92m high
with electrical protection were deployed by GTR-PUCP and EHAS and are currently
maintained by Mayu.

• Interconnection point to global networks/backbone - In Iquitos, provided by Tele-
fónica del Peru for both voice and data traffic.

• Network design & deployment – Made by GTR-PUCP and EHAS initially for
telemedicine, extended and improved later for mobile communications by the same
actors.

• Network maintenance – Initially a responsibility of the regional government, Mayu
currently assumes this responsibility.

• Network operation & management- Initially, GTR-PUCP was in charge; currently,
Mayu assumes this responsibility.

• Powering – Solar photovoltaic systems designed, installed, and initially maintained
by GTR-PUCP. In the last years, Mayu has carried on with maintenance.

Access Network:

• Access points/base stations – 3G Huawei micro-BS deployed and maintained by
Mayu.

• Frequencies for wireless communication – licensed.
• AAA equipment - Telefónica’s Huawei controller hosted in their core network.
• Civil work (towers, canalizations, supports on buildings, etc.) - towers up to 92m high
with electrical protection were deployed by GTR-PUCP and EHAS and are currently
maintained by Mayu. Same as for the transport network.

• Accounting and billing – Telefónica manages 3G service under the same conditions
country-wide. Prepaid services or other commercial strategies do not differ from other
regions in Peru, and Telefónica’s users may use the service in the Napo network or
elsewhere under the same conditions.

• Network maintenance –Mayu has a management system that may trigger alarms, and
local collaborators on the field are skilled in identifying and solve simple problems.
Technicians with a higher level of expertise work on the access network remotely and
travel on the field when needed.

• Network operation & management – skilled staff from Telefónica and Mayu perform
this task remotely with other rural networks in the country.

• Powering – adapted to the local resources. Some systems are powered with electric-
ity service available, though most systems are powered using electrical photovoltaic
systems. Initially installed by GTR-PUCP, Mayu is currently in charge.
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Services:

• Telephony service - Telefónica provides the service.
• Internet access service - Telefónica provides the service.
• Technical support to end-users - It does not exist locally. Telefónica provides remotely
as anywhere else in the country.

• Vertical services (e-Health, e-Learning, etc.). EHAS, GTR-PUCP, and the regional
government of Loreto collaborate for providing eHealth services.

4.2 The Zenzeleni Network in South Africa

The Zenzeleni network is a community network promoted back in 2011 by the commu-
nity of Mankosi and researchers from UWC (University of theWestern Cape) to provide
local connectivity and Internet access in a rural area in South Africa [8]. The first stage
was intensive in research & development activities aiming at developing the network
and services while ensuring that communities were always principal stakeholders on top
of the decision-making structure. In that first stage, researchers from the UWC strongly
supported the project as a whole and participated in network design and deployment,
training of local technicians, and many other activities helping to guide and consolidate
the process. In a second stage, Zenzeleni NPC was created as a non-profit structure
for managing and scaling the project. Since 2017, the project is working autonomously
managed by NPC as a second-layer structure serving communities that are organized in
cooperatives.

Although the project initially focused onOTT (on the top) telephony services and the
charge of phoneswith solar systems, it has evolvedmodulated by the needs and resources
identified over the years. On the one hand, users are more generally demanding data
access, showing less interest in OTT voice services. On the other hand, there is interest
in providing telephony services using 3GPP technologies, which would be a much more
efficient solution among other advantages, but this possibility for the moment has been
blocked by MNOs owning spectrum.

The network enables users with WiFi clients such as smartphones or other portable
devices to connect to any of the almost 80 hotspots throughout Zithulele and Mankosi
to access the Internet or any local services of the network. Those hotspots are intercon-
nected with the Internet through a POP available in a public university in Mthatha. The
connection between Mthatha and the villages uses a wireless mesh transport network
using WiLD systems. A cooperative fully manages the local access network in each
village, and another organization, Zenzeleni NPC, oversees the transport network. Users
can purchase Zenzeleni data vouchers that are sold directly by cooperative members.
Although the telephony services were a target since the very first stage of the project,
the current situation is that the interest in telephony is marginal, and the service offered
is mainly Internet access.

Context and History. The project’s genesis happened in 2012 inMankosi, a rural com-
munity in one of the most disadvantaged areas of South Africa. The community, always
leading the process but accompanied and encouraged by researchers from UWC, started
working to deploy and maintain its own community network. Initially, the project aimed



Expanding Rural Community Networks 425

at providing cheaper voice services for the community because regular services from an
MNO were unaffordable.

Three years later, the project was exhibiting extraordinary good results in some
aspects and had also succeeded in obtaining recognition for telecommunications oper-
ation from the authorities. Paradoxically, the killer service seemed to be the access to
the Internet, including social networks that, for example, permitted voice calls on some
VoIP platforms or voice messages. The phone calls did not seem that successful, so the
project focused on data.

As the model was successful, it evolved to a more complex two-layer structure to
ease scalability. Communities (Zithulele and Mankosi) organized themselves in cooper-
atives. They assumed the deployment, operation, and maintenance of hotspots for public
access networks, and Zenzeleni NPC assumed the rural transport network, serving the
community hotspots and other services such as local businesses, NGOs, hospitals, and
a school. Interconnection to global networks was possible thanks to an agreement with
Easttel, a wholesale carrier with a point of presence in Mthatha, to which the transport
network is connected.

There is interest in obtaining the right to use spectrum formobile services because that
would permit deploying base stations with larger coverage, but the service is provided
through many WiFi hotspots in each village with very limited coverage.

Stakeholders

• Communities: very active and with a protagonist role in the project since the first
steps. Organized in cooperatives, Zithulele and Mankosi manage and maintain their
own local access networks presently composed of WiFi hotspots.

• UWC: their researchers strongly supported the design of the process, technical train-
ing, technical and business model decisions. Since 2017, Zenzeleni’s two-layer struc-
ture in fully autonomous. UWC keeps two seats in the the board of trustees, where
also other external supporting institutions such as APC (Association for Progressive
Communications) and Ellipse have a seat.

• Zenzeleni NPC: it is the non-profit organization that runs the transport network, sup-
ports the cooperatives, and connects to the point of presence of a long-haul optical
fiber network run by Easttel. Zenzeleni NPC can develop this activity for those coop-
eratives and others thanks to the license exemption obtained from the Independent
Communications Authority of South Africa (ICASA).

• Easttel: wholesale connectivity provider with a point of presence in the university
campus inMthatha, a city that is 60 km away from the villages. It is a private company
offering their services for this project with very good conditions.

Analysis of Contributions. In the following, the actor(s) contributing to each element
is/are identified:
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Transport Network:

• Communications equipment – mostly Ubiquiti and Mikrotik wireless systems.
Operated by Zenzeleni NPC.

• Frequencies for wireless communication – unlicensed spectrum in the 5 GHz band,
though there is interest to obtain a license for spectrum in the 6–7 GHz for the arrival
to Mthatha, where interferences may create problems.

• Wired infrastructures – none.
• Civil work (canalizationsand supporting structures) - Zenzeleni owns a few towers not
taller than 15 m and uses masts, natural elevations and buildings as much as possible.

• Interconnection point to global networks/backbone - provided by Easttel in Mthatha
for data traffic.

• Network design & deployment – initially communities with UWC researchers. New
modifications of the network are now the responsibility of Zenzeleni NPC.

• Network maintenance – Zenzeleni NPC.
• Network operation & management- Zenzeleni NPC.
• Powering – Solar photovoltaic systems and/or batteries designed, installed, and ini-
tially maintained by members of the communities trained by UWC researchers,
together with them. Now the responsibility of Zenzeleni NPC.

Access Network:

• Access points/base stations – Ubiquiti WiFi access points in hotspots, operated and
maintained by the cooperatives. Interest for 4G base stations that the cooperatives
could operate in the future.

• Frequencies for wireless communication – unlicensed. Interest in 4G licensed
spectrum.

• AAA equipment – Data access managed by Zenzeleni NPC. Datacenter in Mthatha.
• Civil work (towers, canalizations, supports on buildings, etc.) - masts and support
prepared by the cooperatives and collaborators taking advantage of buildings in the
villages and geographical elevations.

• Accounting and billing – Vouchers are sold by cooperativists, captive portal, and other
tools managed by Zenzeleni NPC.

• Network maintenance – The cooperatives take care of the access network elements,
eventually with some support from Zenzeleni NPC.

• Network operation & management – low needs due to the simple access technology
used. The cooperatives operate the access network, eventually with some support from
Zenzeleni NPC. Cooperativists were initially trained by UWC.

• Powering – photovoltaic systems and batteries installed and maintained by the
cooperativists, who were initially trained by UWC.

Services:

• Telephony service – Initially with VoIP clients in smartphones and connecting the
network to a VoIP operator through the data network. This service has become
marginal.
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• Internet access service – Easttel offers it in the urban point of presence, Zenzeleni
provides transport to the villages and the cooperatives distribute to users.

• Technical support to end-users – The cooperatives provide technical support to users,
and they are supported by Zenzeleni NPC.

• Vertical services (e-Health, e-Learning, etc.). A school and a hospital are clients and
use the network, as well as other private clients and a telecenter. Online services
emerge progressively in the local domain as several actors use the network to provide
them.

4.3 Rhizomatica in Mexico

The goal of Rhizomatica is to help people and communities build their own networks by
creating and promoting open-source technology [9–11]. Moreover, Rhizomatica devel-
ops governance strategies to make those networks sustainable. In that line, Rhizomatica
helped to create inMexico a regional telecommunications cooperative community called
Telecomunicaciones Indígenas Comunitarias Asociación Civil (TIC-AC). TIC-AC is a
civil association of Indigenous and rural communities seeking to build, manage and
operate their own communication networks.

Under this model, organized communities become owners and are responsible for
operating and managing their local cellular network infrastructure. For its part, TIC-AC
authorizes the community to use a frequency granted by the Federal Telecommunications
Institute (IFT) to operate its local cellular network for 15 years. Together with TIC-
AC, the community acquires, operates, and manages its network by installing a base
station and the necessary equipment for its administration. They rely on Internet Service
Providers to connect the village with the global networks. In addition, TIC-AC works
agreements with Internet providers and facilitates technical support for the network.

Context and History. Rhizomatica began in 2009 as a “quest to make alternative
telecommunication infrastructures possible for people around the world facing oppres-
sive regimes, the threat of natural disaster, or the reality of living in a place deemed
too poor or isolated to connect” [10]. As part of this goal, Rhizomatica helped create
TIC-AC, which began providing cellular services in 2013 in Talea de Castro, Oaxaca.
TIC-AC started using a private network scheme and a spectrum segment acquired for
free for non-profit use.

In 2016 the Federal Telecommunications Institute of Mexico (FTI) created the first
telecommunication service license for social indigenous use. Thanks to this decision
(Decision 73/2016), community networks can use a part of the licensed spectrum to
providemobile services in the states ofOaxaca,Chiapas,Veracruz,Guerrero, andPuebla.

Nowadays, the network has expanded to 19 communities in two Mexican states and
provides service to more than 3000 users. It offers unlimited local calls and messages
and long-distance calls to all of Mexico and the world at very affordable rates.
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Stakeholders

• Communities: they are the owners and the operators of the local cellular network
infrastructure. In general, these communities have nearly complete autonomy regard-
ing their government systems and concerning the management of their resources such
as land, which is considered a common good.

• TIC-AC: is a telecommunications cooperative that encompasses the communities
with mobile networks and provides a platform for resource and profit-sharing, inter-
connection with existing telecommunications infrastructure (telephone and Internet),
technical capacity building and maintenance. TIC-AC has a governance structure in
which the communities operate jointly.

• Small wireless Internet Service Providers (ISPs): they are connected to a network
backbone (optical fiber) of a public telecommunications network. They may be
license holders or registered resellers operating independently before implementing
the community network.

Analysis of Contributions. In the following, the actor(s) contributing to each element
is/are identified:

Transport Network.

• Communications equipment – WiFi equipment operated by the regional ISP.
• Frequencies for wireless communication – unlicensed spectrum in the 5 GHz band,
though there is interest to obtain a license for spectrum in the 10 GHz to avoid
interferences problems.

• Wired infrastructures – none.
• Civil work (towers, canalizations, supports on buildings, etc.) – installed or rented by
the ISP.

• Interconnection point to global networks/backbone – provided by the ISP at market
prices.

• Network design & deployment – ISP’s responsibility.
• Network maintenance – ISP.
• Network operation & management- ISP.
• Powering – Solar photovoltaic systems and/or batteries designed, installed, and
maintained by the ISP.

Access Network.

• Access points/base stations – open-source equipment based on OpenBTS owned by
the community and supported by TIC-AC.

• Frequencies for wireless communication – licensed and granted by the Decision
73/2016 of the Federal Telecommunications Institute of Mexico (FTI).

• AAA equipment – open-source equipment based on OpenBSC owned by the
community and supported by TIC-AC.
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• Civil work (towers, canalizations, supports on buildings, etc.) - masts and sup-
port prepared by the communities taking advantage of buildings in the villages and
geographical elevations.

• Accounting and billing – Each community defines its own rates and is responsible for
collection.

• Network maintenance – The communities take care of the access network elements,
eventually with some support from TIC-AC.

• Network operation & management – The communities operate the access network,
eventually with TIC-AC support.

• Powering – the community must provide power through an electrical grid with UPS
systems or through photovoltaic systems.

Services.

• Telephony service – National and international calls are made through a Voice over
Internet Protocol (VoIP) service that is provided by a small operator and connects to
the global telephone network. Local calls are unlimited.

• Internet access service – the ISP contracts at the urban point of presence and transports
to the villages. Then the communities distribute to users.

• Technical support to end-users – The cooperatives provide the service supported by
TIC-AC.

• Vertical services (e-Health, e-Learning, etc.). It is not documented.

4.4 Summary and Comparison of the Cases

In this subsection, the information explained in the previous one will be summarized in
tables that permit the comparison of the three cases easily.

The following Table 2 shows the comparison between the three cases in terms of the
transport network. In addition to indicating the stakeholders in charge of providing each
network element, the table categorizes the main characteristics of the solution they offer.
For example, in the case of equipment, the cost (high, medium, low), the complexity
of use, and efficiency are classified. It is also highlighted whether services are provided
locally or remotely and whether they require specialized personnel or not. As none of the
cases deploys wired infrastructures in the transport network, that element is not included.

Let us take together the rows inTable 2 related to equipment, spectrum, and powering.
Apparently, the three cases are very similar regarding the communications equipment
used and spectrum use. Most transport network equipment is low-cost outdoor broad-
band wireless systems working in unlicensed bands. However, the three cases detect the
need for carrier-class equipment operating in licensed bands for the links arriving to a
city, where the gateway connected to a POP is usually placed. The slight difference in
this is because the SRO in the Napo case uses that equipment and frequencies, while
the transport network operators in the other two cases, for the moment, do not have
access to licensed spectrum for this. Also, the SRO in Napo users more costly powering
systems, more requiring in CAPEX but also more robust. All this increases the technical
sustainability for the transport network in the Napo case, related to the others.
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Looking at the rows related to civil work, maintenance and network operation and
management, there are also some interesting differences. The supporting structures in a
wireless mesh network are a dominant component in the CAPEX transport network. For
the Napo network and Zenzeleni, they could deploy the transport network because they
could get funding from donors or development agencies. For public institutions and col-
laborating actors such as universities or NGOs, obtaining funds for CAPEX is possible
and introduces more flexibility for the network operation and maintenance, which are
components of OPEX. In the three cases, we see many differences. Rhizomatica out-
sources all the three elements to ISPs, Napo outsources the OPEX elements (the regional
government owns the CAPEX element and shares it), and Zenzeleni retains all the three
in their own institution created by and for the communities. This variety of approaches
suggests that this is very context specific. The message seems to be “look around and
see what actor can get or invest the funds to build the supporting infrastructures, then
identify who can better operate and maintain the network or build the institution for
doing it”. Another evidence is that the approach depends very much on the grade of
community involvement. The projects that need to outsource any of these elements or
all of them have somehow a weak point in the long-term institutional sustainability.

Table 2. Comparison of the three cases for the Transport Network.

Element Napo Rhizomatica Zenzeleni

Equipment Mayu: low-cost, easy
to use, efficient

ISP: low-cost, easy to
use, efficient

NPC: low-cost, easy to
use, efficient

Frequencies for
wireless
communications

Mayu: not-licensed
and licensed

ISP: not-licensed NPC: not-licensed

Civil work PI: Provide shared
infrastructures

ISP: Install or rent NPC: Partially funded
by donations

Maintenance Mayu: Locally,
autonomous,
medium-expertise

ISP: Locally,
autonomous,
medium-expertise

NPC: Locally,
autonomous,
medium-expertise

Network
Operation &
Management

Mayu: Remote,
autonomous,
high-expertise

ISP: Locally,
autonomous,
medium-expertise

NPC: Locally,
autonomous,
medium-expertise

Network design
and deployment

Mayu & EHAS &
PUCP

ISP & TIC-AC UWC & NPC

Powering Mayu: medium-cost,
complex, robust,
autonomous

ISP: low-cost,
easy-to-use, local grid
& autonomous

NPC: low-cost,
easy-to-use, local grid
& autonomous

Interconnection
point to global
networks

TdP: Voice and data,
Market-cost

ISP: data, VoIP,
market-cost

Easttel: data, low-cost
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Finally, the three cases have interconnection points of different natures for traf-
fic exchange with global networks. Rhizomatica and Zenzeleni deal with wholesale
providers that provide Internet access. A first clue in this is that one can offer data ser-
vices with that and even voice services because there are OTT VoIP providers that can
perform as gateways to the phone network. Napo adopted a very different approach,
involving an MNO (Telefónica del Perú) that provides the interconnexion point and the
services to end users. The first ensures more freedom, the second makes things simpler
and robust. In the second, the service is available when one leaves the rural network and
goes anywhere else in the country. Communities that can organize themselves and build
strong structures with technical skill probably will find advantages in the first model. It
is also true that experiences in which an MNO and a community have a deal for coop-
erating in a frame of mutual trust and respect are rare, if any. The first model seems to
be stronger in institutional sustainability, while the second makes the transport network
more economically sustainable, as one does not pay for the traffic exchanged in the POP,
on the contrary, the traffic is “sold” by the SRO to the MNO. The situation of the price
or interconnexion rising cannot happen.

Table 3 continues the previous analysis for the access network. Looking at the access
points used, powering, AAA systems, and frequencies, the three cases would like to use
similar technologies, but the different actors operating the access network have different
access to spectrum and carrier-class base stations and power systems. In case an operator
owning 3G/4G spectrum licenses is in the project (Napo case), the use of carrier-class
base stations can be taken for granted, and the network controller may be hosted in its
core network, which is a traditional and robust solution. Suppose national regulations
foresee a mechanism for a community or a non-profit organization to use that spectrum
when it is not exploited in a region (Rhizomatica case). In that case, existing open-
source access systems enable the project to use that kind of solution. If one has neither
the cooperation of an MNO nor a favorable regulation (Zenzeleni case), only something
like WiFi hotspots is available, a midway alternative that works but lacks efficiency and
has several drawbacks related to reduced coverage and compatible terminals. From the
first to the third case, the technical sustainability drops.

As in the transport network, supporting structures are dominant CAPEX components
with a high entry barrier. In two cases, the communities provide them; in the other one
(Napo) the regional public institutions have them and share them. Any case is valid and
has advantages and drawbacks in terms of sustainability.

Aspects related to billing and technical support are also different depending on the
role of communities. In the Napo case, communities are passive consumers of services,
and providers bill and support users from the distance with null adaptation to any con-
ditions and circumstances. In the other cases both accounting & billing and technical
support are closer and better suited to the communities. That increases cultural and
economic sustainability, as prices are naturally lower, and benefits are reinvested in the
community.
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Table 3. Comparison of the three cases for the Access Network.

Element Napo Rhizomatica Zenzeleni

Access
Points

Mayu: Carrier-class
RAN, high-cost,
medium-coverage,
high-efficiency

Community: open-source
RAN, medium-cost,
medium-coverage,
high-efficiency

Community: Wi-Fi,
low-cost, low-coverage,
low-efficiency

AAA
Equipment

TdP: remote
location, high-cost,
shared

Community: local point,
easy-to-use, dedicated

Community: local point,
easy-to-use, dedicated

Towers or
buildings

PI: Provide shared
infrastructures

Community: Locally
provided

Community: Locally
provided

Accounting
& Billing

TdP: remote
location,
country-wide policy

Community & TIC-AC:
Locally, coordinated, local
policy

NPC & Community:
Locally, coordinated,
local policy

Maintenance Mayu: Locally,
autonomous,
medium-expertise

Community: Locally,
coordinated, low-expertise

Community: Locally,
coordinated, low-expertise

EHAS & PUCP:
technical support

TIC-AC: medium-expertise NPC: medium-expertise

Operation &
Management

TdP & Mayu:
Remote,
Coordinated,
high-expertise

Community: Locally,
coordinated, low-expertise

Community: Locally,
coordinated, low-expertise

TIC-AC: medium-expertise NPC: medium-expertise

Powering Mayu: medium-cost,
complex, robust,
autonomous

TIC-AC: low-cost,
low-complexity, local grid
& UPS

Community: low-cost,
low-complexity, local grid
& UPS

Frequencies Mayu: licensed TIC-AC: licensed Community: not-licensed

Technical
Support

TdP: remote
location,
country-wide policy

Community: Locally
provided, local policy

Community: Locally
provided, local policy

Finally, the other OPEX elements depend on the community’s involvement and
strength. Managing and maintaining an access network requires some technical exper-
tise and local availability. Either there is an SRO filling this role professionally or a
separate institution must be created (as is the case for Rhizomatica and Zenzeleni) with
a minimum of technical staff and management staff. The second increases the cultural
and institutional sustainability but is obviously more challenging to achieve.

The previous analysis can also be extended to the services offered in each scenario,
which are compared in Table 4. When an MNO is involved, the service tariffs are
usually homogeneous country-wide and will probably be less affordable. Moreover, the
cost structure will not make the service profitable in low-income communities. When an
SRO intervenes, service prices do not change, but the SRO can adapt its cost structure
to rural settings and make the service profitable where it was not for the MNO.
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Table 4. Comparison of the three cases for the Services.

Element Napo Rhizomatica Zenzeleni

Voice call
service

TdP: Usual phone calls
with standard rates

Community: low-cost
rates through VoIP
services

Community: not
provided

Internet access
service

TdP: Conventional
mobile access with
standard rates

Community: low-cost
rates

Community: low-cost
rates

Vertical
services

EHAS & PUCP & PI:
Collaborative eHealth
services

- Clients: may offer local
services

On the other hand, communities and non-profit organizations only aim to cover costs
and can use alternative strategies to reduce costs and set low local tariffs. For example,
locally managing and maintaining the network has already been mentioned. But they
can also offer VoIP services to avoid dependence on the MNO.

Moreover, involving other institutions such as NGOs or universities can extend the
available services and contribute to the model sustainability. In Napo, EHAS and PUCP
take advantage of Mayu’s bandwidth to strengthen the services of all the health facilities
in the network through e-Health tools. To this end, they have developed an alliance
with the Regional Government and Mayu. Mayu provides bandwidth to the Regional
Government’s health facilities in exchange for access to the latter’s communications
towers. In this way, sharing resources reduces costs for all parties involved.

5 Conclusions

This article contributes to identifying critical aspects to be considered in the deployment
of communication services in isolated rural areas in a sustainable manner. It analyzes
three successful cases that apply different approaches: from the proposal of community
networks to the SRO (Small Rural Operator) model.

The main difference with other analysis is that this one performs a comparative anal-
ysis of three cases that follow very different models and still finds common lessons, and
considers separately three segments: transport network, access network, and services.
Although the actors participating in each case are different, some common critical issues
can be identified in all cases: negotiation of interconnection with global networks; access
to licensed frequencies for the access network; community participation in the process,
and the involvement of public institutions. The analysis also reveals some interesting
trends. An example is the interest in having licensed spectrum both for the transport
network and the access network. Probably a sign of the maturity of the community
networks movement, projects want the best solutions and creatively look for them. Reg-
ulators may learn from cases such as theMexican one and find ways to liberate spectrum
for the use of communities and non-profit organizations that want to provide services
where nobody is doing so. Another trend is the creation of structures specialized in rural
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transport networks. They can come from communities and collaborating partners such
as universities and NGOs with high engagement and determination. However, govern-
ments and regulators may also learn from the Peruvian case that created the RMIO/SRO
figure.

When the above analysis includes considerations of integral sustainability, it is
observed that involving different actors makes it easier for them to focus on specific
aspects of sustainability. Cooperatives or local authorities strongly impact cultural and
political sustainability but have less bargaining power than public institutions andwhole-
sale telecommunication businesses. Also, the transport network management can be
complex for a community, and involving ISPs, SROs, or other actors that bring com-
munities together offers relevant advantages. In this sense, the figure of the SRO is
playing an essential role in the case of Napo, although the sustainability of this model
could be strengthened if local authorities or community cooperatives were more clearly
incorporated.

The analysis also shows that, although there are various technologies to cover the
needs of the access and transport network, wireless links continue to be the preferred
solution for transport, and cellular technologies aremore efficient and appropriate for the
access network. This finding reinforces the importance of research into open-source tech-
nologies for both types of networks and the relevance of political advocacy to ensure that
there are alternatives for access tomobile frequencies such as that opened byRhizomatica
in Mexico or offered by the SRO in Peru.

This analysis will be extended in future works by incorporating more examples
of community networks that use different approaches and harvesting more accurate
information about the cases. It also remains for future work to explore the role of MNOs
in extending rural coverage and whether SROs can be a linking element between MNOs
and community networks.
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Abstract. A single layer microstrip diode rectifier circuit with a flexible thin
film schottky diode is proposed. A compact half wave rectifier with a shunt-diode
configuration is designed and implemented using off-shelf SMS-7630 low barrier
Schottky diode tuned for a centre frequency of 10 GHz and fabricated one using
0.81 mm Rogers (RO4003c) substrate. The rectifier circuit with the commercial
diode has amaximumconversion efficiency of 41%with 300� load resistance.Al-
doped-ZnO (AZO) semiconductor nanoparticle ink is used to fabricate a flexible
thin film Schottky diode (TFSD). The proposed TFSD device consists of 3 layers,
Ag/AZO/Cu and fabricated by deposition of a thin film of nanoparticle-ink AZO
on a flexible copper tape substrate then applying an Ag electrode on the AZO to
obtain the Schottky barrier diode with an active area of 1 mm2. Measurements
shows that the 280 nm thickness device has the maximum forward current density
up to 0.28 A/cm2 at 2 V. Also the measurements show that proposed rectifier
has a maximum conversion efficiency 35% with 300 � load resistance which is
smaller than that of the commercial diode because of the commercial diode ismore
conductive than the proposed thin film schottky diode. The overall size of the two
rectifiers is 13.3 × 8.2 mm2. The rectifier is simulated using an electromagnetic
simulator with good agreement for both simulation and measurements.

Keywords: Energy harvesting · Rectifiers · Schottky diodes · Thin film schottky
diode (TFSD) · Aluminum-doped zinc oxide (AZO) · Schottky contacts

1 Introduction

The use of wireless energy transfers as an alternative to traditional power sources embed-
ded inside a building is greatly increasing. The development of high-efficiency rectenna
as a critical component in converting RF power to dc power is increasing dramatically
[1]. Earlier art designs function best at high input power, such as larger than 0 dBm, in the
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frequency range 10 GHz or less [2–4]. In [2] Zbitou et al. built hybrid micro-wave sensi-
tive rectenna with 65% efficiency for 20 dBmpower input. Falkenstein et al. [3] designed
a rec tenna with a 54% efficiency with a power density of 200 μW/cm2 or a power input
of 9.54 dBm (assuming rectenna geometric area of 45 cm2). Finally, Feifei Tan et al.
created a rectifier [4] with ameasured conversion efficiency of 72% and a length of 10 cm
operating at 10 GHz with an input power of 87 mW. (19.4 dBm). Besides traditional
rectenna implementation techniques, hybrid electronics systems enable the integration of
electronic devices fabricated by different technologies driven by manufacturing consid-
erations: sheets providing different functionality and different materials and devices. As
the Schottky barrier diode (SBD) presents the main component in different electronics
applications due to its use in semiconductor devices such as micro-wave photo detectors,
transistors, solar cells, gas sensors, lasers, LEDs, and Nano-generators. Lintu et al. [5]
constructed Au Schottky diodes on an RF sputtered ZnO thin film placed on an n-Silicon
substrate and investigated their electrical properties using I-V and C-V measurements.
With a rectifying ratio of 93, the I-V characteristics reveal the diode’s rectifying nature.
In [6] Alasghar et al. designed a 150 nm thickness, (AZO) thin film using the reactive
DC-magnetron sputtering method in oxygen/argon gases. The temperature-dependent
resistivity and the electrical behavior of the AZO/Au structure are compared. As a result,
we were able to determine that Au contact is an appropriate electrode for thermoelectric
devices, gas sensors, and dye-sensitized solar cells. Different literature fabricated thin
film Schottky diode (TFSD) but they did not produce a complete circuit. The main idea
of the paper is to compare the performance of the TFSD with the commercial diode in
the rectenna circuits. For fair comparison, both diodes are set on the same substrate with
the same layout. The main idea of the paper is to compare the off-shelf component with
a thin film LAB-synthesis of the Schottky diode to be used in other applications. For fair
comparison, both diodes are set on the same substrate with the same transmission lines
structure (commercial copper on Rogers substrate) so that the effect of transmission
lines is not considered in the comparison. This work presents a construction of a 10 GHz
rectifier circuit for wireless power transmission with 2 different implementations for
Schottky diode, off-shelf SMS-7630 and thin film Schottky diode implemented using
nanoparticle ink AZO p-type semiconductor with a copper tap substrate and silver elec-
trode. This paper is organized as follows: Sect. 2 introduces the shunt rectifier with an
off-shelf Schottky diode. Section 3 presents the shunt rectifier with manufactured thin
film Schottky diode. Section 4 depicts the results of the two rectifiers. Finally, Sect. 5
concludes the work.

2 Shunt RF Rectifier Circuit Architecture Using Off-Shelf Schottky
Diode

The single shunt diode topology was chosen for the rectifier circuit. It is described fully
in [7] and here we give an outline of it for the sake of completeness of the subject.
The RF to DC conversion efficiency of the rectifier circuit is optimized at a given input
power using a nonlinear optimization technique based on harmonic balance simulation
and optimization goals (The optimization goal maximized the Vdc output voltage to
maximize the conversion efficiency). A basic rectifier block design is shown in Fig. 1
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with three primary sections: impedance matching for optimal power transfer between
the antenna and the diode, a DC pass filter, and then a DC load. The diode selection and
the impedance matching network are the two most important parts of a rectifier [8]. The
rectifying device is the SMS-7630 low barrier schottky diode. The diode has a junction
potential of 0.34 V and a break down voltage of 2 V. Because of its lower junction
potential, the diode proved efficient for low-power operation [9]. Because a rectifier is a
non-linear device, its input impedance is a function of input power, load, and frequency.
In order to properly create the matching network, the non-linear impedance of the rec-
tifier circuit was investigated. The shunt rectifier was tested using an electromagnetic
simulator.

Fig. 1. General rectifier block diagram.

Using lumped LC components or microstrip lines, an impedance matching network
(IMN) can be created in twomethods. Lumped components become lossy at frequencies
over 1 GHz, and the insertion loss of thematching network becomes significant, decreas-
ing the rectifier’s overall efficiency. A transmission line-based IMN was employed to
avoid these lumped component losses [10]. The (IMN) is divided into two pieces. The
first is a transmission line-based impedance transformer that was meant to match the
real input impedance to 50 ohms in the desired band. (TL1) ∼ 1/8 λ0 (λ0 represents the
wavelength at 10 GHz). Butterfly stub is the second one. Inserting stubs matched the
imaginary input impedance (butterfly used to minimize the size of the rectifier). In ADS,
the entire network was optimized to match the rectifier at the band for changing power
levels. The rectifying circuit is built and tested, as illustrated in Fig. 2(a). Figure 2(b)
shows the layout of the designed microwave rectifying circuit.

Fig. 2. (a) Photograph of the fabricated shunt rectifier (b) The shunt rectifier layout.
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The suggested rectifying circuit is constructed on a Rogers (RO4003c) substrate with
a relative dielectric constant of 3.38, a thickness of 0.81 mm, and a tan σ of 0.0026. Table
1 shows the geometric dimensions of the rectifying circuit represented in Fig. 2(b). The
VNA (ROHDE&SCHWARZ ZVA6) is shown in Fig. 3(a) and is used to measure the
return loss. Figure 3(b) depicts the measured data as well as the simulated |S11| of the
rectifying circuit. It is well matched at 10 GHz with a simulated minimum |S11| of −
14 dB.

Table 1. Dimensions of the shunt rectifying circuit.

Geometrical parameters (mm)

L1 W1 L2 W2 L3 W3 L4 W4 L5 W5 L6 W6 L7 W7 L8 W7

4 0.8 1 3 4 2.2 2 2.2 1 0.5 1 1.5 3 1 1.55 2.2

Fig. 3. (a) The measurement of S11 parameter using the VNA ROHDE&SCHWARZ ZVA6. (b)
Comparison between simulation and measured reflection coefficient versus frequency.

The discrepancy between simulation and measurement is caused by various param-
eters, which are parasitic parameters in the PCB and Schottky diode at high frequencies,
which can cause higher parasitic impedance and higher error [11].

3 Ag/AZO/Cu Thin Film Schottky Diode

The AZO Schottky diode device shown in Fig. 4 consists of 3 layers; a commercial
copper tape as the flexible substrate, a thin film of p-type semiconductor nanoparticle-
ink AZO (sigma Aldrich 807729 with 2.5 wt. %, of AZO in the solution and viscosity of
2.2 cP) and a silver measuring electrode. The active area of the structure (semiconductor)
is 1 mm2. The device is implemented in 280 nm thickness for the AZO.

3.1 TFSD Device Fabrication

The AZO layer was deposited on the copper tape by spin coating of Aluminum-doped
zinc oxide nanoparticle ink. The spin coating is applied at 2000 rpm several times,
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heating the thin film on a hot plate at 80 °C and repeating the process several times.
Finally, silver conductive paste is applied on the AZO surface and treated to 150 °C to
obtain an Ag electrode.

Fig. 4. Proposed thin film schottky diode device structure.

3.2 Rectifier Circuit Architecture Using Thin Film Schottky

The proposed TFSD is used to implement a complete shunt rectifier circuit similar to
the commercial rectifier in Sect. 2 and the fabricated rectifier is depicted in Fig. 5(a).
The measured S11 parameter of the rectifier circuit is shown in Fig. 5(b). There is an
appreciable deviation at the 10 GHz frequency side of the S11 curve. This is due to the
matching circuit, additional parasitic capacitance in the experimental device, in addition
to the effects of the connectors at these higher frequencies. There are also fabrication
tolerances to consider [12].

Fig. 5. (a) Image of the fabricated rectifier (b) Measured reflection coefficient versus frequency.
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3.3 TFSD DC Current- Voltage (I-V) Measurement

The DC I-V properties for TFSD is examined using a Keithley Semiconductor Charac-
terization System model 4200. The typical I–V characteristic curve of AZO Schottky
diode is depicted in Fig. 6.

Fig. 6. I-V characteristics of the AZO Schottky diode.

The current–voltage (I–V) characteristics of the fabricated AZO thin film Schottky
diode is measured in the voltage range between − 2 to 2 V at AZO thickness (280 nm).
The current varies linearly at low voltage, whereas, with increasing applied voltage,
the effective width of the barrier becomes narrower and the current increases exponen-
tially, which indicates Schottky nature [13]. The I–V characteristics indicate a nonlinear
rectifying behavior with a forward current density up to 0.28 A/cm2 at 2 V.

4 Rectifier Circuits Measurements

The measurement setup is shown in Fig. 7(a) and Fig. 7(b). An Anritsu MG3697C
RF/Microwave signal generator is used to send a microwave signal which connects to
the rectifier at the proposed frequency of 10 GHz. Then a voltmeter is connected with
the rectifier under test (RUT) to measure the DC output voltage for both rectifiers. As a
result, the suggested rectifier’s RF-DC conversion efficiency (ï) is expressed as:

η = V 2
DC

PinRL
× 100%

where VDC is the voltage across the resistive load RL, Pin is the RF input power.
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                                     (a)                                                                             (b) 

Fig. 7. (a) Rectifier measurement setup (b) Photo of the measurement setup.

4.1 Measurement Results for Rectifier with Off-Shelf Schottky Diode

The rectifier is tested over different input power levels. The simulated and measured
DC output voltage and conversion efficiency versus the input power for the rectifier are
displayed in Fig. 8(a) and (b) respectively. The performance was measured by sweeping
the input power (Pin) from –10 dBm to 10 dBm at 300 � of load resistance. The
simulation results were plotted with red markers and the measurement results were
illustrated by black markers. The DC output can provide the maximum efficiency of
41%, 0.51 V output voltage at 7 dBm of input power.

Fig. 8. (a) Measured and simulated performance of the proposed rectifier with off - shelf diode
versus continuous wave input power at 10 GHz, (a) DC voltage and (b) conversion efficiency.

Figure 8 shows there is a peak value of the conversion efficiency at a specific input
power Pin. There is also a large discrepancy between the simulation results and the
measured ones, which can be attributed to the model of the rectifier diode in addition
to the fabrication tolerances of the geometrical features. However, the difference in DC
output voltage between the measured and simulated results is much less pronounced.
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Table 2 shows the performance comparison between the proposed rectifier and others
previously reported in the literature within the same frequency range. The rectifier in [4]
has more efficiency than the proposed rectifier but with more power input needed and
more size area. The proposed rectifier has more efficiency (34%) compared to [14] at
the same power input, 0 dBm.

Table 2. RF-to-dc conversion efficiency vs power input & frequency.

Reference Max
efficiency

Power input
(dBm)

Frequency
(GHz)

[4] 72% 19.4 10

[14] 25% 0 10

This work 41% 7 10

4.2 Measurement Results for Rectifier with Thin Film Schottky Diode

The conversion efficiency of the rectifier is measured with respect to the rectifier load at
the range of −10 dBm to 10 dBm of input power. The optimal load resistance is around
300� for 0 dBm input power at the frequency of 10 GHz. Figure 9(a) and (b) depict the
measured DC output voltage and conversion efficiency values respectively. As a result,
at 0 dBm of input power, the maximum conversion efficiency of 35% is achieved. As can
be observed in Fig. 9, conversion efficiency increases until the input power approaches
0dBm, beyond which it rapidly drops. The conversion efficiency reaches 20% between
−10 dBm and −2.5 dBm input power. At a frequency of 10 GHz for all input power
levels, the shunt rectifier with off-shelf schottky diode has a greater conversion efficiency
and DC voltage than a shunt diode rectifier with thin film diode, as seen in Figs. 8 and 9.

Fig. 9. Measured performance of the proposed rectifier with thin film diode versus continuous
wave input power at 10 GHz, (a) DC voltage and (b) conversion efficiency.
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This is attributed to the better conductive behavior of the commercial diodes than
the proposed TFSD diodes at the same forward bias voltage. But it looks promising
as, in spite of much less conduction current at the same forward DC voltage, its RF
power harvesting parameters are close to a commercial diode. With the advancement
of nanotechnology and polymer science, there is a growing interest in the research and
development of both efficient and low-cost semiconductor thin film materials [15].

5 Conclusions

Rectifiers with a single shunt diode using off-shelf schottky and also the same design as
the rectifier but replacing the off-shelf schottky with flexible thin film schottky configu-
rations are successfully developed and analyzed in this study. A stub matching network
is used for impedancematching between the antenna and rectifier sections. The proposed
fabricatedSchottky diode has a lower performance parameter than the commercial Schot-
tky diode because it is less conductive than the commercial one. However, in spite of
much less conduction current at the same forward DC voltage, its RF power harvesting
parameters are close to the commercial diode. This is really an amazing result that needs
more investigations in coming papers.

References

1. Christopher, R.V., Gregory, D.D.: Harvesting wireless power: survey of energy-harvester
conversion efficiency in far-field; wireless power transfer systems. IEEE Microwave Magaz.
15, 108–120 (2014)

2. Sadek, D., Shawkey, H., Zekry, A.: Multiband triple L-Arms patch antenna with diamond slot
ground for 5G applications. ACES J. 36(3), March 2021

3. Erez, F., Michael, R., Zoya, P.: Low-power wireless power delivery. IEEE Trans. Microwave
2012. Theory Techn. 60(7), 2277–2286 (2012)

4. Feifei, T., Changjun, L.: Theoretical and experimental development of a high-conversion-
efficiency rectifier at X-band. Int. J. Microw. Wirel. Technol. 9, 985–994 (2016)

5. Lintu, R., Periasamy, C., Vinett, S.: Electrical characterization of Au/ZnO thinfilm Schottky
diode on silicon substrate. Perspectives Sci. Direct 8, 66–68 (2016)

6. Aliasghar, S., Laya, D.: Experimental and theoretical investigations on temperature and
voltagedependenceof anAu/AZO thin-filmSchottkydiode. InternationalNanoLetters (2019)

7. Sadek, D., Zekry, A., Shawkey, H.A.: Compact and high efficiency rectenna for wireless
power harvesting applications. Int. J. Antennas Propagation 2021, 8 (2021)

8. Shabnam, L., Ajay, B.G., Ke, W.: A high-efficiency 24 GHz rectenna development towards
millimeter-wave energy harvesting andwireless power transmission. IEEETrans.Microwave.
Theory Tech. 61(12), 3358–3366 (2014)

9. Mutee, U., Rehman, Waleed, A., Wasif, T.K.: High Efficient Dual band 2.45/5.58 rectifier for
RF energy harvesting applications in ISM band. In: Proceedings of Asia Pacific Microwave
conference, IEEE (2017)

10. Mutee, U.R., Waleed, A., Muhammed, I.Q., Wasif, T.K.: A highly efficient tri band
(GSM1800, WiFi2400 and WiFi5000) rectifier for various radio frequency harvesting appli-
cations. In: Progress in Electromagnetics Research Symposium Journal. (PIERS — FALL),
Singapore, pp. 19–22 (2017)



10 GHz Compact Shunt-Diode Rectifier Circuit 445

11. Ekkaphol, K., Yan, Z., Ekachai, L.: A dual-band rectifier for RF energy harvesting systems. In:
11th International Conference on Electrical Engineering/Electronics, Thailand. IEEE (2014)

12. Karthikeya, G.S., Abegaonkar,M.P., Koul, S.K.: Low cost high gain triple bandmmwave Sier-
pinski antenna loaded with uniplanar EBG for 5G Applications. In: IEEE International Con-
ference on Antenna Innovations & Modern Technologies for Ground, Aircraft and Satellite
Applications (2017)

13. Tsiarapas, C., Girginoudi, D., Georgoulas, N.: Electrical characteristics of Pd Schottky
contacts on ZnO films. Mater. Sci. Semiconductor Process 17, 199–206 (2014)

14. Eric, K., Rodenbeck, C.T., Taylor, B., Zoya, P.: Power-combined rectenna array for X-band
wireless power transfer. In: MTT-S International Microwave Symposium. IEEE (2020)

15. Orkut, S.: Technological Background and Properties of Thin Film Semiconductors, Century
Surface Science, April 2020



A Comparative Study of Navigation API ETA
Accuracy for Shuttle Bus Tracking

Gan Shu Qian1, Ammar Ashraf Bin Narul Akhla1, Chee Ling Thong1,
Abdul Samad Shibghatullah1(B), Su Mon Chit1, Lee Yen Chaw2, and Chiw Yi Lee3

1 Institute of Computer Science and Digital Innovation, UCSI University, Kuala Lumpur,
Malaysia

abdulsamad@ucsiuniversity.edu.my
2 UCSI Graduate Business School, UCSI University, Kuala Lumpur, Malaysia

3 UCSI College, Kuala Lumpur, Malaysia

Abstract. This study compares three selected navigation applications which are
Google Maps, Waze and HERE WeGo, through the study of each application’s
Application Programming Interface (API). The study is focusing on the aspect of
Estimated Time of Arrival (ETA) accuracy, in an attempt to determine which API
are suitable to be integrated and implemented in the development of a shuttle bus
application. To date, there are currently lacking studies that discuss or compare
the implementation of API in the development of shuttle bus tracking and ETA
application. This study focuses on finding which API is the best suitable for such
development from an ETA perspective, using the navigation application where
the APIs were implemented or based on as a tool of testing. An experiment was
conducted in a city in Kuala Lumpur, Malaysia, by collecting the ETA of the
navigation applications from multiple points while riding a scheduled shuttle bus.
The ETA will be compared with actual arrival time (ATA) using RMSE, MAE
and PE metric. Comparison results showed Google Maps app provides the most
consistent ETA prediction accuracy in a conservative manner and is the most
suitable to be incorporated into a simple bus tracking and ETA app. The significant
contribution of this study is to provide a result of comparison of the ETA accuracy
through selected navigation applications and comparison of their navigation API.

Keywords: Estimated time of arrival · Navigation applications · Google maps ·
Waze · HERE WeGo · Application Programming Interface

1 Introduction

Bus transportations services is one example of public transportations that serves as
a mode of transportation in urban environments that includes metropolitan, city and
campus areas. Taking a public shuttle bus as an example, factors such as frequency of
bus services, safety, travel time, weather conditions, number of passengers and service
information has a potential to influence the people’s decision in selecting the bus as
their transportation mode (Hiroi et al. 2019; Noor et al. 2020; Borhan et al. 2019).
Commuters highly appreciate real-time information such as ETA, as these can help to
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plan their journey to their respective destinations (Yue et al. 2017). ETA is an aspect that
has been beneficial to all users, either for self-owned vehicles or public transportations
users.

Aligning with the growth of technology, various applications have been developed
for the purpose of bus tracking, as well as ETA estimation in order to improve the trust
and perception of users towards public transportation. Several literatures and studies
have discussed regarding the development of applications for such service. (Kadam
et al. 2018; Sangkhapan et al. 2020; Tan et al. 2016; Sriram et al. 2017), are amongst the
works done in the attempt to create an effective bus tracking app. Kadam et al. (2018)
proposes a system to track public buses usingGPS and IR sensors, and uses the Euclidean
Distance formula to calculate an ETA. Sangkhapan et al. (2020) proposed Smart Bus
Management System Architecture Using Mesh App and Service Architecture using 3
main modules: smart IoT stack, smart GPS tracking system, and smart bus management
system (SBMS) to support multiple hardware settings. Tan andWong (2016) proposed a
campus bus tracking system using WiFi proximity technique which means, the location
of the bus will only be known if it is inside the campus, the ETA calculator will be
based on the distance between the Wireless Access Points and the GPS information.
Sriram et al. (2017) uses Artificial Neural Networks (ANN) to calculate the ETA for
public commute using the data collected by the hardware mounted on the bus through
MQTT (Message Queuing Telemetry Transport) protocol. Yue et al. (2017), Thong et al.
(2019), and Chit et al. (2017) are examples of studies proposing a bus tracking app in
the Kuala Lumpur region. While Yue et al. (2017) only focus on preliminary study on
development of the bus tracking application, Thong et al. (2019), and Chit et al. (2017)
have already developed a bus tracking application. However, there is a lack of literature
and studies that discusses or implements the Application Programming Interface (API),
developed by various organizations such as Google, Waze and others in the development
of applications for bus tracking and ETA service.

Other than developing the application which provides such functionality by imple-
menting the developer’s mechanism and algorithm, incorporating a reliable API is also
an option. API has the benefit of providing automation making completion of the task
faster with less human effort, allowing customization and personalization service for the
end users, great integration with users’ system and equality in data update when new
data update is available (Bauer et al. 2019). Navigation API is a specific type of API
providing a suite of geolocation API and mapping building blocks that enables soft-
ware developers to retrieve the data they need to create a routing or navigation related
application, from identifying locations and displaying maps, to providing directions and
customizing journeys. Through examining the product page of a API such as Sygic
API (Sygic API 2020), HERE API (HERE API 2020), MapQuest API (MapQuest API
2020), Google Maps API (Google Maps API 2020) and OpenstreetMap API (Open-
StreetMap API 2020), it is understood that depending on the API provider, navigation
APIs typically support use cases such as GPS navigation software, retail guidance and
fleet management. A bus tracking and ETA app falls perfectly under the first use case:
GPS navigation software, where the Navigation API is able to use the map data provided
or hosted by the API, leveraging the historical data and real time information to deliver
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routing services, calculating an optimized routes using real time data, turn-by-turn nav-
igation and estimate travel time through the respective API’s algorithm. When using
an API, the developer need not to consider the map data, the processes and algorithms
required to calculate the ETA, the data are provided to the developer through the API.
Accurate ETA might be able to address the long waiting time issue reported by users
in (Thong et al. 2019). It is made known to this study that the shuttle bus tracking app
developed from Thong et al.’s study is based on Google API service, however the ETA
accuracy provided by the application is not considered accurate.

The lack of study that focuses on ETA accuracy in API, especially in shuttle bus
tracking and ETA application motivates this study. This study also serves as evaluation
of ETA accuracy for (Thong et al. 2019; Chit et al. 2017) as the application developed
uses Google API to track the shuttle bus and provide ETA. The objective of this study
is to compare selected navigation applications which implement different API, focusing
on comparing from the aspect of ETA accuracy in order to determine the suitable API
to be integrated in the development of a shuttle bus tracking and ETA application. The
following sections in this study are organized as follows. Literature reviewwill be briefly
discussed in Sect. 2. Section 3 describes the methodology used for comparison study. In
Sect. 4, the results of the work will be compared and discussed. Lastly, the conclusion
and future work of the study will be in Sect. 5.

2 Literature Review

2.1 Shuttle Bus and ETA

For the selection of a suitable API for the development of a shuttle bus ETA and tracking
app, there are many aspects to consider such as the number of app users, pricing, docu-
mentation, ease of use and the features. For a bus tracking and ETA app, the navigation
APIs best fits the purpose, where generally, a navigation APIs feature functionalities
such as real time location tracking, turn by turn navigation, calculation of ETA, routing
and rerouting. However, for a shuttle bus service tracking and ETA app, the most impor-
tant aspect to take into account is the real time location tracking and calculation of ETA.
This is because shuttle bus service is characterized by fixed route and schedules (Yim
and Ceder 2006), hence the turn by turn navigation and rerouting is not required. When
the schedule is arranged, the ETA is roughly estimated. From a user’s perspective, it is
important to them to know the location of the bus at the moment as well as their ETA so
they can plan their time efficiently for commuting (Watkins et al. 2011).

Besides the factor of uncertainty in time while waiting for the arrival of the bus
(Stradling et al. 2007) found out that the bus riders are concerned about their safety
issues and having anxiety while waiting for the bus in general. Research conducted by
Stradling et al. (2007) and Dziekan and Kottenhoff (2007) have found that bus riders
have experienced a decrease in perceived waiting time when given the bus’s real time
information to refer to while waiting at the bus stops. Real-time information such as
location tracking and ETA is an important information for road users and travellers for
decision making. It is easily accessible by anyone in existing navigation applications
around the world, such as Google Maps, Waze, MapQuest, and others.
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Hannon et al. (2019) made a comparison of five different map providers and appli-
cations which is Google Maps, HERE, Bing Maps, Waze and MapQuest, to compare
and assess the quality of traffic information which is ETA and ATA in the quest to find
out which has the shortest and accurate ETA using a web mining system to gather traf-
fic data. Through their experiment, MapQuest appears to be the most accurate, while
Bing Maps takes the position of being the least accurate when providing ETA. A group
of researchers in Jordan (Alomari and Al-Omari 2020) conducted an ETA accuracy
performance comparison between Google Maps, Waze and HERE WeGo. The study
concluded that Google Maps and Waze over estimated ETA in general while HERE
WeGo underestimated the ETA most of the time. While conducting ANOVA test, the
statistic showed there are no significant differences between Google Maps and Waze in
terms of mean error but HERE WeGo’s ETA mean error differs significantly from the
other two applications. Information such as the time of departure, day of the week, the
location of the buses, number of intersections and traffic signals are part of the histori-
cal data in a traffic information management system (Li et al. 2011), when developing
Bus-Arrival Time Prediction Model based on historical traffic patterns, Yu et al. (2013)
admitted traffic light and traffic congest to be a crucial factor to be considered for accu-
rate ETA prediction. Li, et al. (2011) and Yu et al. (2013) influenced this study to include
traffic congestion and traffic light as part of the aspects to investigate.

Formeasuring the accuracy of theETApredictions, there are twoof themost common
metrics used to measure accuracy for continuous variables: mean absolute error (MAE)
and root mean squared error (RMSE). The MAE is suitable to describe uniformly dis-
tributed errors. Because model errors are likely to have a normal distribution rather than
a uniform distribution, the RMSE is a better metric to present than the MAE for such
type of data (Chai and Draxler 2014). There are often disputes between RMSE and
MAE (Willmott and Matsuura 2005), when assessing the accuracy of the applications,
it is found that the results found using both modelling metrics are minimal, however the
difference did help the study for further choosing the most accurate algorithm.

i. MAE

n = number of test cases.
ATA = actual arrival time.
ETA = estimated arrival time.

To calculate the MAE, the sum of the total difference between ATA and ETA will be
calculated. MAE of each application will be calculated and compared. MAE is only a
metric to measure the error rate of the prediction model, the volume of the data does not
affect the value. The smaller the value of MAE, the more accurate the ETA predicted is.
Hence, RMSE and MAE will be compared separately.

ii. RMSE

n = number of test cases.
ATA = actual arrival time.
ETA = estimated arrival time.
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To calculate the RMSE, the sum of the total difference between ATA and ETA will
be calculated. The difference between the calculation if RMSE and MAE is RMSE is
square rooted, therefore the result is presented as the same unit as the data, in this case,
in units of minutes. The larger the dataset, the bigger the RMSE value. The smaller the
value of RMSE, the more accurate the ETA predicted is.

iii. PE

Percentage Error (PE) is the error of percentage compared to the ATA. When the
percentage is a negative value, it means the app is conservative on the ETA prediction
where it predicts that a vehicle will arrive at the destination late. On the contrary, if the
percentage is a positive value, the app predicts the ETA optimistically where it predicts
the vehicle will arrive at destination in a shorter time compared to the actual arrival time.

2.2 Navigation API

Some of the most popular navigation applications have developed their own API con-
taining the data and information they have collected such as the road condition, stop light
location and map data to share to other developers where some are only subscription-
based, some are free. Google Maps API is the one of the most popular platforms that
provide APIs. Google Maps API has already divided Maps API into several APIs, mak-
ing Google Maps a platform. However, in this study, this API will be referred to as
Google Maps API as Google Maps API as more than one element in Google Maps plat-
form namely Google Directions API and Maps Javascript API are required to carry out
routing and traffic data functions respectively (Google Maps API 2020), where Direc-
tions API provides the routing and ETA function, Maps Javascript API includes a traffic
data layer collected through Google Maps application. Waze is a subsidiary of Google
company, Waze API;s documentation is available on Google Website. However, it is
only available for members who successfully signed up for the Waze SDK program.
The Waze API is able to retrieve ETA and routing points and Waze’s real-time traffic
and location data, calculating the fastest route and navigating the user (Waze 2020).Here
API is a navigation API most known with its accuracy as it has a comprehensive cov-
erage that is updated on a near daily basis. The features offered by HERE API include
navigation with augmented reality (AR), fleet telematics, high-precision maps, location
advertising, tracking, routing and map visualization (HERE 2020). Mapbox is a naviga-
tion API used by Facebook and Snapchat for mapping purposes. Its features include map
data, live updating map data, location searches, navigation and custom map. The data
fed to the API are from both open and proprietary sources (Mapbox 2020). MapQuest
API provides many functionalities. In its Direction API various routing options such
as route type, optimised routing and route matrix are provided. In the Traffic API, the
traffic service provides real time traffic information related to markets, incidents, and
flow. (MapQuest Business 2020) OpenStreetMap API is one of the most famous API in
navigation. Works like Wikipedia, it can be edited for fetching and saving raw geo data
from/to the OpenStreetMap database. However, it does not provide routing and ETA
functionality. (OpenStreetMap 2020).
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In a shuttle bus tracking and ETA application, the characteristics or features to look
for in the API are whether traffic data is provided, whether the API provides origin-
destination routing as well as providing an ETA, and whether the API has rich historical
data in the region where the shuttle bus operates. If the API is able to select a route, the
travel time in the route can be computed using a prediction algorithm. Traffic data and
historical data are two of the factors that affect the ETA prediction result. (Chien et al.
2002).

Comparing API is not a popular topic. Bauer et al. (2019) in their studies have
discussed several web mapping providers’ API which is Google Maps, TomTom, Bing
and HERE as a real-time traffic information source in the aspect of their capabilities,
strengths and weaknesses. But through their studies, ETA is not an aspect that has been
discussed, as they are focusing on the whole structure of API through the conduct of
quantitative and qualitative analysis. Bauer et al. (2019) compared Google Maps API,
HERE API and TomTom API in their functions of providing real time traffic data. Waze
API was not selected as one of the API to study because it does not provide live traffic
layer data in its API.While comparing GoogleMaps API and HEREAPI, it is found that
HERE API provides the most detailed real time traffic information. HERE also has the
widest scope of service and information content, but Google Maps API has the benefit
of being affordable. Both Google Maps API and the HERE API are able to achieve good
geographic accuracy which is useful for location tracking and travel duration which
calculates the ETA. HERE API does support other features that are not available on
Google Maps API such as incident and flow traffic data in the same API (Bauer et al.
2019). Katona (2019) conducted a comparison between Google Maps API and Waze
API to examine the route planning performance of the navigation applications. The goal
of this article was to give an idea for the government of Hungary on how they can
improve their daily work through the implementation of routing features in navigation
applications through its API. However, only Google Maps data has been analyzed as
Waze is owned by Google.

To compare test the APIs, the navigation application developed by the API provider
will be tested. Google Maps and Waze are charting top 2 under Navigation Category in
Apple App Store and Google Play Store in Malaysia; Here WeGo is an alternative to
Google Maps implemented as the default map in Huawei mobile phones. According to a
statistic provided by Canalys, the top 5 smartphone vendors in Malaysia for the second
quarter of 2020 are Vivo, Oppo, Samsung, Huawei and Xiaomi (Xiung et al. 2020),
out of the the top 5 vendors, Huawei is the only vendors that does not offer Google
services as the aftermath of US Sanctions, as a solution Huawei included Here WeGo
app on its app gallery as a replacement for Google Maps (Huawei Community 2020).
The large market share of Huawei locally and globally (Canalys 2020) is a significant
factor affecting the decision of the study to include it in the experiment.

3 Methodology

For this study, an experiment has been conducted to further investigate and compare
the accuracy of ETA provided by the selected navigation applications. The steps of the
experiment are as follows:
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Step 1: Three navigation applications are selected for the experiment, which are Google
Maps, Waze, and HEREWeGo. Since the purpose of this study is to identify the suitable
API for development of shuttle bus tracking and ETA app, it is important that the selected
NA to be tested fulfill the following requirements:

(i) The developer of the studied navigation application must have a public naviga-
tion API available for other applications developers. According to the documen-
tations, the API must be able to calculate the ETA between defined origin and
destination (Google Maps API 2020; HERE API 2020; Waze 2020).

(ii) The navigation application must have a high number of users in the studied geo-
graphical area. Navigation application is a means to collect data for the API, in
this paper, it is assumed that as the number of users of the navigation applica-
tion increases, the volume of historical data collected to improve the NA ser-
vice increases exponentially (HERE WeGo 2020; Google Privacy Terms 2020;
Privacy Policy of Waze 2020).

Step 2: The navigation applications are installed in three Android smartphones, running
on Android version 10. The applications are configured to follow the route which is
taken by the bus as illustrated in Fig. 2, and the ETA to each stop and points 1 to 5 are
taken. The points are added between stops, making a total of 8 points of data collection,
in order to determine whether the ETA is recalculated according to the current traffic
conditions such as traffic jams, and stop lights. Points between stops are selected based
on the stop light or road branches. The experiment was conducted by two researchers by
riding a university shuttle bus at three different time slots in the span of two days. The
time slots chosen for the experiment are chosen based on the different traffic conditions
at different times of the day which is from 12–3 pm. Three trips from the shuttle bus
schedule were selected for each day making a total of six trips entailed in Table 1. Using
Google Maps’s future ETA predictive functions (Google Maps 2020), the Trips selected
are based on the predicted total travel time and are categorised based on the level of traffic
congestion: heavy, medium and low. The main recorded data throughout the experiment
was the ETA provided by each application, as well as the ATA.

Table 1. Selected bus trips and traffic congestion level

Test cases/bus trips Traffic congestion level according to google maps
future traffic prediction

Test Case 1: 18th September 2020 12pm Low

Test Case 2: 18th September 2020 1.30pm Medium

Test Case 3: 18th September 2020 3pm High

Test Case 4: 22nd September 2020 12pm Low

Test Case 5: 22nd September 2020 1.30pm Medium

Test Case 6: 22nd September 2020 3pm High
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Fig. 1. Route map of shuttle bus

The details of each route segment are recorded in Table 2. Traffic Li et al. (2011)

Table 2. Route segments and description

Route Segments Description

SW - Point 1 The bus departs from the bus stop and heads to Point 1

Point 1 - BTS At Point 1, the route enters into an intersection and encounters the first
stoplight. The route to BTS is also under construction and often encounters
traffic congestion

BTS - Point 2 The route from BTS to Point 2 is straight

Point 2 - Point 3 At Point 2, the route enters into an intersection and encounters another stop
light

Point 3 - NW At Point 3, the route takes an entrance ramp into a highway before entering
the residential area where NW is located

NW - Point 4 From NW to Point 4, the route exits the residential area into a highway

Point 4- Point 5 At Point 4, the route takes an entrance ramp into a highway

Point 5 - SW At Point 5, the route enters another highway before entering a residential
area where SW is located



454 G. Shu Qian et al.

Step 3: The recorded data was analyzed by using metric formulas MAE, RMSE, and
PE, in order to determine the accuracy of the provided ETA, as well as determining the
behaviour of the ETA prediction in either conservative or optimistic to further relate the
ETA to the API of the applications, and selecting the most suitable API to be imple-
mented in the development of a shuttle bus tracking and ETA application. The results
are presented and discussed in Sect. 4 of this paper.

4 Results and Discussion

This section presents the results and discussion of the study. The three chosen navigation
applications were used to test the API/ETA accuracy at different peak hours. The results
show that amongst the three, GoogleMaps as seen on the leftmost image in Fig. 3 appears
to provide the most accurate and conservative ETA, Waze as seen on the center in Fig. 3
ranks the second and predicts the ETA conservatively while HERE WeGo as seen on
the rightmost image in Fig. 3 provides the least accurate ETA, often underestimating the
travel time.

Google Maps Waze HERE WeGo 

Fig. 2. Navigation apps interface

At each point, the ETA,which is displayed at the bottom of the navigation application
interface as shown in Fig. 2, are recorded into Table 3. The data is then analyzed using
MAE, RMSE and PE. Table 3 displays the method of data collection by this study,
through the ride taken in a university shuttle bus on its fixed route, as displayed in Fig. 2
and described in Table 2. TBS, NW and SW are the stops, Point 1 falls between SW and
TBS; Point 2 and Point 3 falls between TBS and NW; Point 4 and Point 5 falls between
NW and SW. At each stop and point, the ETA to the next stop provided by GoogleMaps,
Waze and Here WeGo app are recorded in two formats: remaining time to travel and
time of arrival. The difference between the ATA and ETA are recorded in the column
next to time. The time difference between ETA and ATA are later used to calculate the
MAE and RMSE where it is known as error.
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Table 3. Example of ETA and ATA data collected

Google maps Waze Here WeGo

Remaining
travel time
(minutes)

ETA Difference
(minutes)

Remaining
travel time
(minutes)

ETA Difference
(minutes)

Remaining
travel time
(minutes)

ETA Difference
(minutes)

Depart Time 1.29

SW - TBS 12 1.41 4 10 1.39 6 9 1.38 7

Point 1 -
TBS

8 1.41 4 6 1.39 6 4 1.37 8

Actual
Arrival time
to TBS

1.45

Depart Time 1.45

TBS - NW 11 1.56 −3 8 1.53 0 8 1.53 0

Point 2 - NW 7 1.55 −2 5 1.53 0 5 1.53 0

Point 3 - NW 4 1.54 −1 3 1.53 0 3 1.53 0

Actual
Arrival time
to NW

1.53

Depart Time 1.54

NW - SW 9 2.03 −1 9 2.03 −1 10 2.04 −2

Point 4- SW 7 2.04 −2 6 2.03 −1 7 2.04 −2

Point 5 - SW 5 2.04 −2 4 2.03 −1 3 2.02 0

Actual
Arrival time
to SW

2.02

Table 4. Applications ETA accuracy performance in RMSE metrics.

RMSE

Google Maps Waze HERE WeGo

In General (minutes) 13.34 14.49 18.28

With Stop Light (minutes) 0.49 0.58 0.58

With Traffic Jam (minutes) 0.46 0.38 0.62

Results (i) MAE
In Fig. 3, the general performance of ETA accuracy using MAE as the metric, Waze
appears to be the most accurate app in terms of calculating ETA, the performance
degrades while predicting ETA in route with stop light but returned to similar rate by a
slight degrade during route with traffic jam. HERE WeGo has the most inaccurate ETA
in general situations, in routes with stop light and performs even worse when encounter-
ing traffic jams. Google Maps ETA accuracy is not the best, in general, its performance
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is similar to HERE WeGo. Unlike HERE WeGo and Waze, Google Maps has the most
consistent ETA predictability.

Fig. 3. Applications ETA accuracy performance in MAE metrics.

(ii) RMSE
In RMSE, the bigger the data, the larger the RMSE value. As the data size for each
traffic condition is different, it is best to compare the RMSE between each navigation
app of a traffic condition. In general, Google Maps has the best accuracy, slightly better
than Waze while HERE WeGo has a considerably higher inaccuracy than the former.
Same as the result in MAE, Google Maps has the best ETA accuracy in the route with
stop light, while in the route section with traffic jams, Waze performs the best. In the
route segments with stop light, Google Maps performs the best in terms of RMSE where
Waze and HERE WeGo performs similarly in the metrics. The MAE of all navigation
applications dropped significantly compared to the general performance. Google Maps
is a clear winner when there is a traffic light situation where the ETA is closest to the
ATA. MAE and RMSE results are consistent when measuring the accuracy of the ETA
prediction in the route segment with traffic jams as presented in Table 3. On contraire
to the general performance and the stop light situation, Waze has the highest accuracy
when there is traffic congestion. According toMAE, it is clear thatWaze performs better
than how it did when encountering stop light while Google Maps performance dropped
significantly when encountering traffic congestion. Under all route situations, HERE
WeGo predicts the most inaccurate ETA, when the vehicle encounters traffic jams, the
error in predicting the ETA is twice the error of Waze’s.

(iii) PE
PE is examined to determine the behaviour of ETA prediction of the navigation appli-
cations as unlike MAE and RMSE, it does not present the error in absolute form. In
terms of PE, Google Maps and Waze are far more negative compared to HERE WeGo,
which means they predict the ETA in a very conservative way. This result is aligned with
the discovery of (Alomari and Al-Omari 2020). Google Maps and Waze both displayed
negative value while HERE WeGo is the only navigation app with positive value in PE.
HERE WeGo achieves badly in terms and accuracy as well as being too optimistic on
the ETA prediction indicates that the presence of stop light does not affect the ETA
algorithms of the navigation app as it neglected the time a vehicle spent in the stop light.
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Fig. 4. Applications ETA accuracy performance in PE metrics

Discussion
HERE WeGo’s performance in both traffic jams and stop lights indicates that HERE
WeGo showed it weakness that it does not take traffic congestion and traffic light into
considerationwhenpredictingETAresulting it to give the least accurateETAasdisplayed
in Fig. 3, Fig. 4 and Table 4 where itsMAE, PE and RMSE value aremuch higher than its
peers.Waze as a crowdsourcingmap and traffic information has its strength in predicting
the ETA based on the live information actively provided by its users. Referring to Fig. 3
and Table 4, Google Maps’s ability to perform comparatively well during stop lights
might be due to the civil information provided to the company by the government.
HERE WeGo is a less popular but uprising choice for Malaysian users as result of the
recent banning of Google Services on the second largest smartphone market worldwide
(Canalys 2020). Through Bauer et al (2019), it is understood that HERE API provides
incident and flow service which is useful in prediction ETA, however it was not effective
in the studied area in this research as there is simply not enough historical data to support
the service as seen from the experiment result of this study. Hence, even with less extra
services, GoogleMaps API would still perform better in the studied area althoughHERE
API has the services able to support better ETA prediction. Comparing the ETA provided
by the API through their application is only one of the factors to evaluate the best choice
of developing a shuttle bus tracking app, choosing the one that is suitable for the route
conditions, budget, developer preferences and many other factors are equally important.
HERE has an open source SDK providing various APIs such as Tracking and Routing
where the former provides a fast, flexible way to add real-time and historical location to
any IoT product and the latter provide precise instructions to a destination using various
transport modes with detailed turn-by-turn instructions and graphical representation on
top of the HERE map (HERE 2020). Google Maps open source SDK has a Direction
API made for routing purposes where it calculates directions between locations using
an HTTP request where it also takes traffic data in account but only with Google Maps
Platform Premium Plan client ID. (Google 2020). Citing Armstrong (2015) in a study
on forecasting, this study recommends forecasts to be more conservative rather than
optimistic in order to have a higher level of trust with the user. In short, from the point
of view of a developer, Google Maps API that has a rich set of historical data publicly
available is the most suitable to be incorporated for a simple navigation app such as a
shuttle bus tracking and ETA app. This is because Google Maps API can provide the
consistent ETA prediction accuracy in all traffic situations encountered in the shuttle bus
route, the error rate of ETA prediction is also comparatively low. Besides, the lowest
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starting development cost but does not sacrifice functionality and accuracy. While the
lowest plan supports only 50,000 transactions per month, the plan is upgradable with
a cost. Last but not least, include a live traffic data API provider. As discovered in this
experiment and through literature review, the importance of a live traffic data is a key
factor for accurate ETA prediction.

5 Conclusion

In conclusion, this paper discusses a comparison study that has been conducted to deter-
mine how accurate is the ETA provided by navigation applications, primarily focusing
on how different APIs in different applications are able to provide an accurate ETA. In
short, HERE WeGo is the least suitable API to be integrated to develop a shuttle bus
tracking appwhile GoogleMaps is themost suitable API, as based on the outcome of this
study, it provides the most accurate ETA prediction and it predicts ETA conservatively.
This study provides an answer to which API potentially can provide the best ETA by
comparing the three most popular applications which have their API available for devel-
opers. As regular navigation app road users, this group of people will also benefit from
this paper by knowing this is the navigation appwhich suits their daily commute the best.
The limitation of this study includes a limited set of data as only six trips are managed to
be conducted in the provided time. In this study, the experiment was conducted only on
Android smartphones, hence limiting the brands of the hardware, as well as the mobile
OS tested. As API does not make up the application, there is a possibility that other tech-
niques are implemented into the application to make it more usable which were unable
to be identified in this study. Future work for this research includes implementing the
tested APIs into a tracking and ETA application to isolate the issues and accuracy of the
ETA prediction model used by the API, to increase the volume of data by conducting the
experiment on a larger scale, that includes more trips at more time slots. With a larger
volume of data, the result will be more accurate and there is a possibility to identify other
factors that are affecting the ETA accuracy. To remove uncertainty of the result, testing
the applications on identical hardware devices and mobile OS can be conducted; on the
other hand, to identify whether hardware devices capabilities and mobile OS contribute
to the performance of ETA accuracy, more variants of hardware devices can be added.
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Abstract. A novel multi-band planar 2 × 2 array loop antenna, with a frequency
ranging from 0.5–4.5 GHz for energy harvesting applications is presented. The
proposed loop antenna consists of an external strip loop and an internal banana
strip connected to the external strip loop. The loop antenna occupies a small size of
62× 38mm2,while the total area of the suggested array antenna is 164 × 80mm2.
A prototype of the proposed 2 × 2 array antenna is fabricated, measured, and the
results including return loss, efficiency, and gain, are obtained, and characterized.
Therefore, excellent agreement was found between the measured and simulated
results.

Keywords: 2 × 2 Array · Multi-band · Loop antenna · Planar antenna ·
Sensing · Biomedical applications

1 Introduction

In line with fast evolution of wireless communication systems, wide-band and multi-
band antennas are widely studied and adopted for multi-standard applications. There
is a crucial need to combine wireless services with small devices. Wide-band, multi-
band, and compact structure antennas are significant requests for the multi- applications
antenna design. For instance, monopole antennas [1], Inverted-F antennas (IFA) [2], and
the many other design techniques are explained in [3]. Lately, the loop antennas could
also provide excellent solutions for mobile range, and energy harvesting applications
[4].

Conventional antennas used for 900 MHz frequency band are planar Inverted-F
antennas (PIFA) [5], or monopole type [2] with direct feeding structure, but they have
some drawbacks regarding their application to the multi-band small-sized applications.
PIFA has a compact size, and it is easy to control impedance matching using the shorting
pin. However, its impedance bandwidth is not wide enough for multiband operation [6].
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By disparity, a monopole has a more wideband characteristic than PIFA, but it is difficult
to match with circuit board impedance [7].

Radio frequency energy signals are now ubiquitous, and they have indispensable
features for RF energy harvesting systems. Compared to other energy sources such as
thermal gradients, solar, and mechanical vibrations, the power density of RF energy is
relatively low, but it is sufficient to charge some sensors or devices of harvested energy.
Antennas are one of the essential parts of the developed energy harvesting system, and
the performance of those antennas, such as their efficiency, gain and radiation patterns,
is critical to improve overall performance. For this reason, it is very important to select
suitable antennas based on their intended applications, such as in RFID, 5G and wireless
sensor network, etc. However, antenna arrays with omnidirectional radiation patterns
are dedicated to ambient RF energy harvesting systems, so signals can be received from
all directions, improving the PCE of the system. Besides this, the backside radiation of
antennas should be very low, as exemplified by wearable application.

In this paper, a new printed 2 × 2 array loop antenna for energy harvesting and
wireless power transfer for biomedical sensing applications is proposed. The antenna
has a planar structure and is easy to fabricate with a low cost printed circuit board (PCB).
Moreover, the proposed 2× 2 array antenna has the size of 164× 80mm2, and produces
radiation in six frequency bands for multi-standard applications.

The proposed loop antenna is composed of an external strip loop and an internal
banana strip on the top layer, while its ground plane contains defective ground structure
DGS. Furthermore, theDGS has the same shape as the internal banana strip. The external
loop and internal banana strips support resonant modes for the proposed loop antenna.
The first mode is created into a wide band at about 900 MHz to readily cover the energy
harvesting, wireless power transfer, and GSM applications. The second mode covers a
wide band around 1800 MHz to use for mobile and digital cellular system applications.

The loop antenna used to build the proposed 2 × 2 array antenna operates in six
frequency bands from 0.4 to 5 GHz, achieves gain from 0.7 to 4 dB with a directivity
between 3 and 8 dBi, and occupies an area of 164× 80mm2. The proposed array antenna
is designed and fabricated on FR4 material, and the radiation efficiency of the proposed
array antenna is in the range between 35% and 71%.

The paper is organized in the following sections, loop antenna characteristics, the
design considerations of the proposed antenna, the results of the proposed 2 × 2 array
antenna, and finally conclusion.

2 Loop Antenna Characterization

The loop antennas are commonly classified according to their perimeter length into small
loop antennas or large loop antennas [8]. Generally, the antenna is called a small loop
antenna if its perimeter length is≤ λ

10 , Where λ is the wavelength. The antenna is called
a large loop antenna if its circumference length is around λ.

Figure 1(a) illustrates the rectangular loop antenna, where L andW are the length and
width of the rectangular loop antenna, respectively. While b1 and b2 are the thickness
and width of the driver, as shown in Fig. 1(a). The equivalent circuit of the loop antenna
is displayed in Fig. 1(b) [9]. Rrad is the radiation resistance, which illustrates the energy
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Fig. 1. (a) Structure of rectangular loop antenna, and (b) Equivalent circuit of the loop antenna.

radiated by the loop antenna, Rdis explains the energy dissipated by the Joule effect and
Lant is the inductance of the loop antenna [10]. The Rrad , Rdis, and Lant are calculated
by Eqs. 1, 2, and 3.

Rrad = 31171
N 2S2

λ4
(1)

Rdis = W + L

b1 + b2

√
π f μ

σ
(2)

Lant = 2μ
a

π

[
Log

(a
b

)
− 0.774

]
(3)

where N is the number of turns, σ is the conductivity of copper, f is the operating
frequency, S=WLis the surface area of the antenna,a = √

LW , andb = 0.35b1+0.24b2
[9]. The inductance of the driver (L1) is evaluated by:

L1 = μa

2
(4)

The quality factor Q is given by [9]:

Q = 2π fr(Lant + L1)

Rrad + Rdis
= fr

BW
(5)

where BW is the bandwidth of the antenna and fr is the resonance frequency. Then, the
bandwidth of the antenna can be calculated by Eq. (6)

BW = fr
Q

(6)

The radiation efficiency of the loop antenna is specified by the following equation:

η = Rrad

Rrad + Rdis
(7)

According to Eq. (7), the radiation efficiency relies basically on the dimensions of
the loop antenna and the operating frequency. The benefits of the loop antenna are its
small size and excellent directivity. While the drawbacks of the loop antenna are that
its impedance matching may not always be good and that it has a very high resonance
quality factor.
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3 Antenna Design Consideration

The proposed antenna consists of an external strip loop with a regular width of 0.75 mm
and an internal banana strip as clarified in Fig. 2. Figure 2(a) illustrates the top view
geometry of the proposed antenna, and the bottom (ground plane) view geometry of the
proposed antenna is shown in Fig. 2(b). The proposed antenna is designed on the top
ungrounded section of dimension 62 × 15 mm2. The proposed antenna is designed on
0.8 mm thick FR4 substrate with εr = 4.5 and loss tangent = 0.025. The simulation
results are achieved by using CST microwave studio. The overall width and length of
the proposed antenna are 62 mm and 38 mm, respectively. The first end of the external
strip loop is the feeding line (direct feeding) of the proposed antenna, and the last end is
connected to the ground plane through via as illustrated in Fig. 2.

Figure 3 depicts the simulation result of return loss for the proposed antenna illus-
trated in Fig. 2 and the case without DGS in the ground plane. In the absence of the
DGS, there is only one mode (the second mode), at around 1800 MHz with acceptable
matching impedance. at 900 MHz. On the contrary, with the insertion of the DGS in the
ground plane, there is an additional mode (the third mode) with acceptable matching
impedance, and the matching impedance of the first mode is also extremely improved.

Fig. 2. 2D view of the proposed loop antenna, (a) top, and (b) bottom views.

Figure 4 illustrates the simulated return loss of the proposed antenna displayed in
Fig. 2 and the cases without the internal banana strip.
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Fig. 3. Simulation results of return loss against frequency for the proposed antenna with and
without DGS.

Fig. 4. Simulated return loss versus frequency of the proposed antenna with and without the inner
banana strip.

The simulation result of return loss for the proposed antenna shown in Fig. 2 at
different external strip loop width (W) is plotted in Fig. 5. The operating frequency at
W = 0.75 mm is 900 MHz with perfect impedance matching. When W increases, the
frequency band will increase to 3.1 GHz with a very good impedance matching.

Fig. 5. Simulated return loss for the proposed antenna at different external strip loop width (W).

The simulation result of the return loss for the proposed antenna shown in Fig. 2
at different feeding line positions (XF ) is illustrated in Fig. 6. At XF = 10mm, the
frequency is 900 MHz and when XF increase, the frequency will increase.
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Fig. 6. Simulation result of return loss for the proposed antenna at different feeding line positions.

Fig. 7. Simulation result of the proposed antenna efficiency (%).

The simulated radiation efficiency and total efficiency of the proposed antenna are
illustrated in Fig. 7. At 900 MHz, the radiation efficiency is about 38% and the total
efficiency is around 13%.

Fig. 8. Simulated antenna gain (dB) and directivity (dBi).

The proposed antenna gain is −2.71 dB and the antenna directivity is about 1.4 dBi,
at 900 MHz. While for the DCS band ranges (1.7 GHz band), the antenna gain and
directivity are 2 dB and 3.12 dBi, respectively, as illustrated in Fig. 8.
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4 The Proposed 2 × 2 Array Antenna

The proposed 2 × 2 array antenna is composed of four loop antennas and are connected
in a planer form as illustrated in Fig. 9. The separation between the two neighboring
antennas must be greater than or equal to λ/4. The connection between face-to-face
antennas is joined by the T connection as shown in Fig. 9(a). The proposed 2 × 2 array
antenna has an overall width and length equal of 164 mm and 80 mm, respectively as
illustrated in Fig. 9(a) and (b).

Fig. 9. 2D view of the proposed 2 × 2 array antenna, (a) top view, and (b) bottom (GND) view.
The width of the feeding and all the transmission lines between the antennas are 0.8, 1.32 and
2.5 mm for W70�, W70� and W70�, respectively.

The prototype photography of the proposed 2 × 2 array is shown in Fig. 10.
Figure 10(a) shows the top view, while Fig. 10(b) shows the bottom view.

Fig. 10. Photo of the proposed 2 × 2 array antenna, (a) top, (b) bottom views.
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Figure 11 illustrates the measured and simulated return loss of the proposed array
antenna. The perfect agreement between the measurement and simulation is displayed
in Fig. 11.

Fig. 11. Measured and simulated return loss of the proposed 2 × 2 array antenna.

The six resonant modes with acceptable matching impedance, measured at −6 dB
return loss, are presented. The first mode operates at 500MHz frequency and the second
mode is a wideband with a bandwidth of 170 MHz (760–930 MHz), making it suitable
for GSM applications. The third mode at 1 GHz frequency, and the fourth mode has a
bandwidth of 250MHz (1.46–1.71GHz), DCS application. The fifthmode from2.3GHz
to 3.6 GHz has a bandwidth of 1.3 GHz, and the sixth mode has a bandwidth of 0.7 GHz,
from 3.8 to 4.5 GHz.

Fig. 12. Simulation result of the radiation efficiency and total efficiency for the proposed 2 × 2
array antenna.

The simulation results of radiation efficiency and total efficiency for the proposed
array antenna are displayed in Fig. 12. For the energy harvesting and GSM applications,
at 900 MHz frequency band, the efficiency is better than 61% in the range between
60.5% and 65%; for the GPS, DCS, PCS, and UMTS bands, the band between 1.4 GHz
to 1.8 GHz, the maximum radiation efficiency is greater than 70%; and for 2.4 GHz
frequency band, the WLAN band, the efficiency equals 45%.
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Fig. 13. Simulation result of the antenna gain (dB) and directivity (dBi) for the proposed 2 × 2
array antenna.

Table 1. 2 × 2 array and single loop antennas comparison.

Proposed
antenna (Size,
mm2)

Freq. bands
(GHz)

Gain (dB) Directivity
(dBi)

Radiation eff
(%)

Total eff (%)

2 × 2 array
(164 × 80)

6wide bands 0.8–4 3–8 35–71 35–65

Single loop
(62 × 38)

3narrow
bands

−3–2 1–4 38–79 10–60

Figure 13 displays the simulated antenna gain (dB) and directivity (dBi). Over the
energy harvesting and GSM bands, at 900 MHz frequency band, the proposed antenna
gain is about 1 dB and the antenna directivity is around 3.5 dBi, whereas, for the DCS
band ranges (1.7 GHz band), the antenna gain and directivity are 4 dB and 5.51 dBi,
respectively. Also, for the 2.4GHz frequency band, the antenna gain and directivity equal
1.5 dB and 4.9 dBi, respectively. Table 1 shows the comparison between the performance
of the proposed 2 × 2 array and the single loop antennas.

5 Conclusion

The planar multi-band 2 × 2 array loop antenna is analyzed, designed, and fabricated
using a FR4 material for energy harvesting, wireless power transfer, GSM, and multi-
standard applications. The proposed multi-band array antenna covers six wide-band
modes of operation in frequency range between 0.5 and 5 GHz. The maximum antenna
gain and directivity of the proposed array are 4 dB and 8 dBi, respectively. The proposed
array antenna is designed and simulated usingCSTmicrowave studio and fabricatedwith
an excellent agreement between the simulation and experimental results. The suggested
2 × 2 array antenna occupies area 164 * 80 mm2. The maximum radiation efficiency of
the presented array equals 71%, while the peak value of the total efficiency is 65%.
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Abstract. This paper investigates two distinct yet potentially complementary
issues that when put together, may be able to solve each other. First, businesses
are pressured to roll out innovative products to stay ahead of the competition,
but product innovation is risky as it can sometimes violate consumer expectations
due to schema incongruity. Second, while augmented reality (AR) technology has
been examined in adoption studies in retail and advertising, and in practice, we
have seen the occasional application of AR in marketing campaigns, AR remains
a blackbox, in that both researchers and practitioners have little understanding
of how the unique AR attributes can be maximised as well as in what contexts.
Our study brings these two dilemmas together by examining how AR product
presentations can be designed to improve consumer evaluations of innovative, yet
schema-incongruent products. We propose the design of a field experiment that
leverages two key attributes of AR, namely the superimposition of virtual items
into real-life environments and the controllability of these virtual items. We pro-
pose to investigate how the styles of the virtual items (cartoon vs. realistic) and the
levels of controllability (with control vs. without control) within an AR product
presentation can facilitate incongruity resolution for schema-incongruent prod-
ucts, which could lead to positive product evaluations and behavioural intentions.
We anticipate the findings of our experiment to provide novel insights into cog-
nitive processes pertaining to the use of AR and to provide practical implications
for the design of AR for incongruity resolution.

Keywords: Augmented reality · Schema incongruity · Incongruity resolution

1 Introduction

“After conditioning consumers for 124 years to expect ketchup to be red, the H.J.
Heinz company pivoted suddenly on July 10, 2000, and gave the condiment a
colourful makeover. The Heinz EZ Squirt debuted with Blastin’ Green ketchup as
a promotion in support of the first “Shrek” movie [1].”
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Heinz’s EZ Squirt Blastin’ Green Ketchup was an initial hit due to its ergonomically-
designed packaging for kids with its plastic, squeezable bottle and a narrow nozzle;
combined with its timely launch in support of the animated film starring a green ogre
as the protagonist named Shrek. However, its success was essentially short-lived and
the product was pulled off the shelves almost as quickly as it got rolled out. In 2011,
Business Insider even named Heinz’s EZ Squirt Ketchup one of the biggest food flops of
all time [2]. Many have attributed the fall of EZ Squirt to the inability for consumers to
make sense of the product anymore [3, 4]. As soon as the buzz of the Shrek movie died
down, consumers could no longer make sense of the product. Ketchup is red because
it is made from tomatoes and this made sense because tomatoes are red. Without the
connection to Shrek the green ogre, green ketchup simply spiraled into being an odd
food fad. As the opening quote aptly points out, expectations of ketchup being red is
hard-wired into our heads, and researchers, such as Jhang et al. [5] and Noseworthy
et al. [6], has substantiated that the more discrepant an innovation is from conventional
expectations, the more likely it is to fail.

The importance of product innovation for business growth has been reiterated by a
rich stream of literature, particularly its impact on business growth and product perfor-
mance [7, 8], and companies are continuously pressured to produce innovative products
[9]. Yet, this is a risky pursuit for businesses as new products can sometimes violate
existing schemas and are incongruent with consumer expectations [10]. As exempli-
fied by Heinz’s “innovative” product, not all product innovations end up with success,
especially when the innovative product is highly schema-incongruent.

According to the schema congruity effect coined by Meyers-Levy and Tybout [11],
new products that are extremely incongruent with consumers’ schemas or expectations
will result in lower evaluations in comparison to those of more congruent products. Sub-
sequent studies have drawn from this finding to identify ways to improve consumers’
evaluation and attitudes towards incongruent products, specifically in facilitating con-
sumers’ ability to resolve incongruity (e.g. Jhang et al. [5] and Noseworthy et al. [6]).
This study intends to contribute to this streamof literature by focusing on howaugmented
reality (AR) can facilitate incongruity resolution.

One of the most-used definitions of AR is the one coined by Azuma [12] in his
seminal work, where AR technology is defined as a system that combines the real and
virtual, and is registered in three dimensions, as well as in real time. Among its many
applications in different domains, AR use in retail is starting to gain momentum in
mainstream discussions, especially with applications such as virtual try-ons, in-store
navigation and interactive product presentations [13, 14]. AR’s ability to embed virtual
information into real-world environments (i.e. in-store) in an interactivemanner provides
an opportunity for the delivery of product presentations that can enhance customer
experience and increase product evaluation [15]. The embedding of virtual information
into physical environments is particularly meaningful, as it has the potential to mitigate
consumer problems typically associated with conventional brick-and-mortar retail, such
as information asymmetry, where there is a pervasive knowledge gap between consumer
and retailer about a product. For instance, in the case of Treasury Wine Estates (one of
the world’s largest wine companies), AR labels were used on their wine bottles to bring
customers informative content, including the history of the vineyard from which the
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wine originated, among other information [16]. AR has the potential to mitigate product
uncertainty, through vivid and interactive AR product presentations and information that
allow users to make connections and bridge product knowledge gaps. In this study, we
investigate whether AR-enabled product presentations can assist consumers in making
connections between disparate schemas elicited by a schema incongruent product in the
same way.

Despite the potentials of AR, not all businesses view AR’s promises as worthy of
a big-budget investment, particularly with concerns about what is needed for an AR
experience to run reliably [17]. However, this may well be concerns of the past as
not only is the consumers’ appetite for a differentiated shopping experience growing,
more than 1 billion mobile smartphones and tablet devices can deliver AR experiences
today and these are supported by ever-improving network bandwidth [18]. Nevertheless,
businesses remain unsure about how they can maximise the benefits of AR, and in what
context would AR be useful for. In addition, as it currently stands, and, to the best of
the authors’ knowledge, studies on the design of AR experiences in the context of retail
and advertising, and how different AR designs can lead to positive product evaluations
and increased purchase remain under-researched. The answer to the question of “What
is so special about AR?” eludes us still.

We argue that the value of AR for businesses can be ascertained and maximised
by examining how the unique properties of AR can be designed to achieve meaning-
ful outcomes, which in this study, would be incongruity resolution for innovative but
schema-incongruent products. Against this backdrop, we propose a study on the two
core properties of AR, namely the superimposition of virtual objects into real-world
environments and its controllability. Specifically, we plan to examine the realism of vir-
tual items (cartoon vs. realistic) and the different levels of controllability (with control
vs. no control) of an AR product presentation; and how these two features of AR can
lead to incongruity resolution for a schema-incongruent product in a between-group
design field experiment. This paper details the conceptual background of this study and
discusses the design of a field experiment to test our hypotheses.

2 Conceptual Background

2.1 Schema-Incongruity Resolution

In a well-established framework by Mandler [19], it was proposed that the level of con-
gruity between a new product and an existing category schema of the product influences
cognitive processing of individuals, leading to the evaluation of the new product. Based
on this proposition, Meyers-Levy and Tybout [11] coined the schema congruity effect.
The basis of this concept is that information perceived as schema congruent allow for
comfort of familiarity and requires little cognitive processing, whereas schema incon-
gruent information lead to surprise and unfamiliarity, in turn causing extensive cognitive
processing in order for individuals to make sense of the incongruence [11].

A general consensus from prior literature on schema-incongruent products and con-
sumer evaluation [5, 6, 10], is when consumers can successfullymake sense of incongru-
ent products, their evaluation of the product are likely to be more positive; on the other
hand, if the consumers are unable to make sense of such products, the adverse effect
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occurs. This study adopts the same assumption in that successfully resolving schema
discrepancies can result in a positive response (i.e. the positive affect accompanied by the
“lightbulb”, “Oh, I get it” response) that works similar to a psychological reward mech-
anism, which in turn enhances product evaluations [11, 19]. It has also been empirically
tested that successful resolution of incongruity also has a positive effect on behavioural
intentions [20]. In this study, we investigate whether incongruity resolution can also lead
to purchase intention and WOM intention.

Several studies have investigated solutions for increasing evaluation for incongruent
products through different mechanisms [5, 6]. Noseworthy et al. [6] specifically investi-
gated the use of feature-based association by incorporating an enabler. For instance,
the colour green, can help consumers make sense of a semantically-related feature
like “vitamin enriched” of a perceived incongruent product, which is a green, vitamin-
enriched coffee. In the study, it was found that two “wrongs” (i.e. the features “green”
and “vitamin-enriched”), which are both incongruent with our understanding of coffee,
made a “right”, in that matching these two semantically-related feature to an incongru-
ent coffee product, was able to help consumers make sense of the incongruent feature
and led to more positive evaluations. In another study by Jhang et al. [5], on the other
hand, the authors tested consumers’ acceptance of incongruent products using strategies
that facilitated cognitive flexibility. The authors Jhang et al. [5] found that priming for
cognitive flexibility increased the likelihood for consumers to make associative links
across disparate schemas, therein resolving the incongruence, which similar to the study
by Noseworthy et al. [6], led to better evaluations. However, instead of using semantic
enablers, Jhang et al. [5] manipulated cognitive flexibility using positive affect, a future
(vs. past) launch description and a prime of cognitive flexibility by generating multiple
explanations of a situation. For this study, we investigate how AR technology can be
leveraged to resolve incongruity and increase evaluations for schema-incongruent prod-
ucts, drawing from the concepts and empirical evidence found in these key studies on
incongruity resolution for schema-incongruent products.

2.2 Style of AR (Realism of AR)

Akey feature ofAR technology is the superimposition of virtual items into the real-world
context. The virtual items embedded in an AR experience can range from unrealistic,
cartoon items (e.g. of fictional characters in AR books) to textual information (e.g.
customer reviews), as well as 3D virtual clothes presented in a realistic form, like in
the Magic Mirror or virtual try-on applications of AR. Interestingly, prior literature
on AR in retail have not given much attention to the level of realism of the virtual
content superimposed into our real-world environments, and on the cognitive processes
pertaining to it. Although these have not been investigated in the context of AR, prior
studies in advertising have examined the use of cartoons and unrealistic visual content
in traditional advertising.

A study by Heiser et al. [21], for instance, found that the use of cartoon or animated
effects of spokespeople in print ads led to positive consumer advertising outcomes, such
as attitude toward the ad, attitude toward brand, as well as the purchase intention of
the advertised brand. Heiser et al. [21] found that the cartoon ads led to these positive
outcomes through creativity and distinctiveness effect induced by cartoonised formats of
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the ad. In a conceptual work by Smith andYang [22] on advertising creativity, the authors
argue that one of the fundamental characteristics of ad creativity is divergence, whereby
ads containing elements that are novel, different or unusual are deemed creative. Two
factors were included in the list of determinants of divergence: (1) unusual perspective
(i.e. seeing things from a different or unusual outlook); and (2) fantasy (i.e. the ability to
generate non-real ideas, worlds or creations) [22]. Both factors included examples of the
use of cartoons in ads, which departed from conventional advertising using real-world
elements. This suggests that the use of cartoons can facilitate the effects of divergence,
which can lead to flexible thinking and therefore supporting problem solving [23]. The
effects of divergence and creativity are similar to the mechanisms of cognitive flexi-
bility examined in Jhang et al. [5], in which it was found that priming for cognitive
flexibility increased the likelihood for consumers to make associative links across dis-
parate schemata, therein resolving the incongruence and thus led to better evaluations
for schema-incongruent products.

Based on prior advertising literature that found that the use of cartoon or unrealistic
elements in advertising can lead to creativity [21, 22], and by extension, flexible thinking
[23], as well as extant literature on cognitive flexibility and incongruity resolution [5], it
stands to reason that the use cartoon, unrealistic elements inAR can facilitate incongruity
resolution of schema-incongruent products. Drawing from these and past literature on
incongruity resolution leading to positive evaluations and behavioural intentions, we
present our first hypothesis:

H1: Cartoon AR product presentations will lead to higher incongruity resolution
of schema-incongruent products and thus, more positive product evaluations and
behavioural intentions compared to realistic AR product presentations.

2.3 Controllability

Another unique feature of AR is the sensory experience of being able to touch and
interact with virtual content. As McLean and Wilson [24] argue, the combination of
manipulating the real, physical world and the virtual world is a unique attribute of AR,
in that users can manipulate what they see. Some AR experiences can be designed in a
way that allows users to control and manipulate the virtual content that is superimposed
into their real-life environment, such as in the IKEAPlace app, inwhich users can control
where the virtual furniture would be projected into their physical environment through
their smartphone camera simply by sliding or tapping their finger on their screen [24].
On the other hand, someAR experiences are lower in user controllability, or have none at
all, in that users have little to no control of the virtual content overlaid into the real-world
environment. For instance, in the case of TreasuryWine Estate’s wine, users simply scan
AR labels on the wine bottles as the only action on their part, and later passively watch
and listen to the virtual character introduce the product [16]. In the former example,
users are able to control the virtual items and the overall AR experience, whereas in the
latter, users take on a passive role and have little to no control over the virtual items and
experience low interactivity overall.

In one of the studies investigating incongruity resolution and acceptance of schema-
incongruent products, Jhang et al. [5] speculated that there may be a difference in the
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process of incongruity resolution, inwhether the resolution is self-generated or prompted
by themarketer of the schema-incongruent product throughmessage-driven approaches,
such as providing rationales or explanations of why incongruity exists in advertisements.
Drawing from the process-based account of incongruity resolution, the process of resolv-
ing the incongruence by oneself would result in positive affect that would lead to more
favourable evaluations of the schema-incongruent product [5]. Jhang et al. [5] tested this
hypothesis and found contradictory findings. They found that the external provision of
incongruity rationale resulted in equally positive evaluations of the schema-incongruent
product stimulus, even when the insight was not achieved from the process of resolving
incongruity by oneself. In this study, the authors used a cognitive flexibility prime of
asking participants to think of multiple possible explanation (with cognitive flexibility
prime) vs. one explanation (no cognitive flexibility prime) to an ambiguous situation to
induce self-generated incongruity resolution, and later requested participants to read an
ad copy of a schema-incongruent stimulus that was manipulated to include or exclude
an incongruity rationale.

It is plausible that the results found did not support the process-based account because
the participants’ involvement and their sense of control in the resolution process may
not have been salient enough in the experiment setting. Further, other studies have
provided empirical evidence that complements the process-based account. In a study on
antecedents of consumer creativity in problem-solving contexts, Burroughs and Glen
Mick [26] found that an individual’s belief that events are within his or her control are
more creative in their response to a consumption problem. Similarly, Schreier and Prugl
[27, p. 337] found that individuals with strong beliefs that outcomes depend primarily
on their own actions are more likely to “cope with new usage situations, and to challenge
and appreciate improvements in existing products”, while those with low control beliefs,
tend to avoid new and difficult situations.

Leveraging AR’s uniqueness of controllability, we propose that user involvement
and control in the AR experience would be salient, particularly with the user’s ability
to control the virtual information that act as the rationalising link or insight that con-
nects disparate schemata. An active role in controlling the virtual content provided to
rationalise the incongruity elicited by the schema-incongruent product may result in a
stronger feeling of resolving the incongruity by oneself, rather than relying on the pro-
vision of incongruity rationale by brands. As such, we argue that, for resolving schema
incongruity, interactive AR product presentations with user controllability will perform
better than AR product presentations without user controllability:

H2: AR product presentations with controllability will lead to higher incongruity
resolution of schema-incongruent products and thus, more positive product evalu-
ations and behavioural intentions compared to AR product presentations without
controllability.

3 Experiment Design

To test our hypotheses, we propose a field experiment using different AR designs
of a product presentation to introduce a schema-incongruent product. The schema-
incongruent product stimulus we propose is a food product that has been found to
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be schema-incongruent based on public sentiment on mainstream media. We plan to
conduct the experiment at a small grocery store located at a university campus’s student
living area that sells both packaged and fresh food products. The store owner has agreed
to provide us access to their store as a field experiment site.

While we have the choice of conducting the experiment in a laboratory setting,
we choose to conduct a field experiment because we believe that a field experiment
would help us achieve higher ecological validity, in that it would allow us to replicate a
retail experience that is as close to a natural retail setting as possible. When recruiting
participants, we will introduce this experiment ambiguously as a study on consumer
feedback regarding a new product that was added into the store. In doing so, participants
will be less likely to guess the focus of the research or of the AR design manipulations
used in the different treatment groups, which may affect their behaviour.

3.1 Stimulus Selection

To further enhance external validity, we will use a real product, JUST Eggs as our
incongruent product stimulus for this study. JUST Eggs is a product of Eat Just, a
California food technology start-up that offers plant-based alternatives to conventional
egg products [28]. JUST Eggs are made entirely from plants and contrary to the name
of the product, contains no actual, animal eggs. The product is in liquid form and stored
in a bottle. While the product is claimed to be a safer and more sustainable alternative to
conventional eggs [29–31], there is still some skepticism among consumers regarding
this product. In an online article [30], a consumer wrote the following:

“I crackedopen abottle [of JUSTEggs] in themorning andwas admittedly hesitant.
I love eggs for breakfast, but something about eating eggs poured from a bottle
has never appealed to me – even from a bottle of real eggs. Here, I was diving into
the unknown world of mung bean eggs.”

The initial hesitation described by the consumer was caused by what can be under-
stood as feature-based incongruence, as has been pointed out in the study byNoseworthy
et al. [6], in which the incongruent product stimulus used was green coffee. Green coffee
was incongruent because the feature (colour) green is incongruent with our schema of
coffee colours, which are typically black or brown. As the quote above aptly highlighted,
eating eggs poured from a bottle is something the consumer found unappealing. In the
same way that the green colour feature was mismatched with our schema of coffee, the
feature of eggs being stored in a bottle was incongruent with our schema of eggs, which
would assume that eggs are retrieved naturally from a round or oval shell. Thus, we deem
this product to be an appropriate stimulus for this study as it captures the conceptual
understanding of schema incongruence indicated in prior literature.

3.2 AR Product Presentation Design Manipulations

At the current stage of our research, we have designed the product presentations that
will be the experiment manipulations for our study. Drawing from prior studies on
cartoon effects in conventional print advertisements [21], we took original advertising
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materials such as promotional videos, images and nutritional information from JUST
Eggs website as well as their official YouTube channel and digitally modified these to
vary the execution of cartoon-realistic effect on the AR presentations (see Fig. 1). For the
controllability manipulation, we vary between the presence and absence of four buttons
that allowed users to: (1) play/pause; (2) skip segments; (3) go back to previous segment;
and (4) go back to start (see Fig. 2).

Fig. 1. AR cartoon-realistic style manipulations

With these, we have four versions of AR product presentations that make up our 2
(AR cartoon vs. AR realistic) x 2 (AR with control vs. AR no control) between-group
experiment design. AnAR presentation of one of four versions will appear when the par-
ticipants scan a sticker code that will be stuck onto our product stimulus, corresponding
to their assigned treatment group (see Fig. 3). The content and information of all four
versions of the product presentation are kept consistent with only the cartoon-realistic
effects and presence-absence of buttons as design manipulations.



480 C. Teh et al.

Fig. 2. AR controllability manipulation with the presence and absence of buttons

3.3 Participants

We plan to recruit undergraduate and master’s students from a university in China to
be participants for our field experiment. We chose university students participants for
two reasons. First, the grocery store that has agreed for us to use their space as our
experiment site is located in the university campus’s student living area and having
student participants living in close vicinity to the experiment site would greatly reduce
the likelihood of participants dropping out of the experiment. Second, AR is a relatively
new technology, and it has been found that users of AR applications tend to be young
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Fig. 3. Mock-up of product stimulus with QR code that triggers AR product presentation

and educated [32]. Thus, we deem student participants as an appropriate population for
our sample.

Participant recruitment advertisements will be circulated on Chinese social media
platform, WeChat and on an online forum for students from the university that is oper-
ated independently by the university’s students. In the ads, the study will be introduced
as a study on consumer evaluation regarding a new product at the campus’s grocery
store. It will be stated that participation of this study consists of two parts. First is
the pre-experiment survey part, where participants will be required to fill in an online
questionnaire a week before the experiment. Second is the field experiment part, which
will commence after participants meet the requirements of the survey. Participants will
receive an email specifying the time allocated to them for the field experiment. Partic-
ipants must complete both parts in order to receive the remuneration of 80 RMB. We
intend to recruit at least 250 participants, in order to have at least 50 participants per
treatment group.

3.4 Pre-experiment Survey

The pre-experiment survey is designed to resemble an online quiz, in which students will
be required to watch 3 videos that shows the use of AR in retail and product packaging.
Each video is less than 1.5 min long, and is followed by 3 multiple-choice questions, 9
questions in total. Students will be required to answer at least 7 out of the 9 questions
correctly in order to proceed to the second part of our study, which is the field experiment.
The purpose of this pre-experiment survey is to eliminate any novelty effects of AR that
can produce noise to our measured variables. We take into consideration that AR is still
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a relatively new technology to some participants, and the novelty of the technology may
influence the participants’ behaviour as some of themmay be exposed to the technology
for the first time during the field experiment.With this quiz survey, participantswillwatch
the video attentively to obtain at least theminimum score, and thus, be pre-exposed to the
use of AR in retail and advertising settings prior to the field experiment. The questions
in the survey are simple and are not phrased to be directed at AR technology (e.g. “In the
video, the user scanned a code on a product to start the game. What was this product?”).
Participants will be allowed to make unlimited attempts until they get the required score.

3.5 Field Experiment Procedure

Following the pre-experiment survey, we will allocate participants into the 4 treatment
groups. The experiment schedule will consist of time slots, whereby each slot will be
allocated a maximum of 4 participants, and all participants within a slot will receive
the same treatment (i.e. one slot, one treatment group). Participants will be allocated a
slot depending on the treatment group that they are randomised into. We plan to employ
the same treatment within one time slot instead of different treatments within one slot
to minimise the risk of participants guessing that there are different treatments being
administered in the experiment.

When participants arrive at the store at their allocated time slots, they will be invited
into the store to viewanewproduct (our schema-incongruent product stimulus) promoted
in the store. The participants will go in either alone or in a pair (a maximum of 4
participants at a time) and will be led into the store by one of two store assistants (one
assistant attending 1 to 2 participants). The store assistant will lead participants to one
of two corners of the store where the product will be displayed (see Fig. 4). This is to
ensure that the store assistants, who are our research assistants, will be able to monitor
the participants attentively and make sure they do not interact with each other.

Fig. 4. Field experiment site’s store layout
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The store assistants will introduce the product stimulus as a new product that has
just been introduced to the market and in the store. There will be a printed poster next
to the products with very basic information of the product, including what the product
is (plant-based eggs), its nutritional information and promotional price (see Fig. 5).

Fig. 5. Mock-up of product promotion poster

The participants will be given some time to look at the product and the poster.
After a few minutes, the store assistant will request for the participants to fill up a short
questionnaire that asks for participants’ demographic information and measures their
product knowledge, brand familiarity and initial schema incongruity resolution prior to
receiving the AR treatments (see Table 1).

Table 1. Overview of variables and measurement items for pre-treatment questionnaire

Variable Item/Scale

Product knowledge (self-developed) (1-Strongly disagree; 7-Strongly agree)

PK1 Before being introduced to this product
today, you were familiar with other
products that are similar to the product
presented

PK2 The product presented is new to you. (R)

(continued)
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Table 1. (continued)

Variable Item/Scale

Brand familiarity (self-developed) (1-Strongly disagree; 7-Strongly agree)

BF1 Before being introduced to this product
today, you were familiar with the brand
presented

BF2 The brand of this product is new to you.
(R)

Initial incongruity resolution (adapted from
Jhang et al. [5])

(1- Makes no sense; 7-Makes sense)

PIR1 How does this product make sense to
you?

(1-Strongly disagree; 7-Strongly agree)

PIR2 I understand the logic of this product

R = reverse code items.

After the participants complete the first questionnaire, the store assistants will ask the
participants to scan a QR code that leads them to a webpage. The webpage opens a web
scanner that participants will use to scan the QR codes on the bottled product, which will
trigger the AR product presentation according to their allocated treatment group. The
participants will view or interact with (if they are in the with-controllability groups) the
AR product presentation for 3 to 5minutes.When the participants no longer want to view
or interact with the AR product presentation, the store assistants will ask if they would
like to pre-order the product at their own cost, outside of the participation remuneration
of this study. Participants has no obligation to purchase the item, and purchase will be
entirely on their own volition. Pre-orders will be measured as actual purchase.

Finally, the participants will fill in the post-treatment and final questionnaire that
includes our manipulation checks, and measurements of our investigated variables,
including perceived control, post-treatment incongruity resolution, product evaluation,
purchase intention, word of mouth and other control variables (see Table 2).

Table 2. Overview of variables and measurement items for post-treatment questionnaire

Variable Item/Scale

Realism of AR (self-developed) (1-Strongly disagree; 7-Strongly agree)

RE1 The visual content in the product
presentation are realistic

RE2 The visual content in the product
presentation look lifelike

(continued)
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Table 2. (continued)

Variable Item/Scale

Controllability (self-developed) (1-Strongly disagree; 7-Strongly agree)

CO1 There are options for me to control the
playing of parts of the product
presentation content

CO2 There are functions for me to control how
the product presentation content is to be
played

Perceived control (adapted from Park
and Yoo [33])

(1-Strongly disagree; 7-Strongly agree)

PC1 I felt that I had a lot of control over my
experiences when viewing the product
presentation

PC2 During the product presentation, I could
choose freely what I wanted to see

PC3 I am confident I can control the product
presentation

PC4 I feel a lot of personal control over the
product presentation

PC5 What I viewed was entirely up to me

Incongruity resolution (adapted from
Jhang et al. [5])

(1- Makes no sense; 7-Makes sense)

IR1 How does this product make sense to you?

(1-Strongly disagree; 7-Strongly agree)

IR2 I understand the logic of this product

Product evaluation (adapted from
Jhang et al. [5])

(1- Very unfavourable; 7-Very favourable)

PE1 The product is…

(1- Very unappealing; 7-Very appealing)

PE2 The product is…

Purchase intention (adapted from Bues
et al. [34])

(1- Very unlikely; 7-Very likely)

PI1 Would the purchase of the demonstrated
product be more likely or less likely given
the presentation shown?

PI2 How likely will you purchase this item in
the future?

PI3 Given the presentation, how likely is it
that you would consider the purchase of
the presented product?

(continued)
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Table 2. (continued)

Variable Item/Scale

Word of mouth
(Zeithaml et al. [35])

(1-Strongly disagree; 7-Strongly agree)

WOM1 I would say positive things about the
product to other people

WOM2 I would recommend the product to
someone who seeks my advice

WOM3 I would encourage friends and relatives to
use the product

Need for change a

(adapted from Wood and Swait [36])
(1-Strongly disagree; 7-Strongly agree)
Generally, your friend and/or family would describe
you as a person who…

NCH1 Always likes introducing new things to
friends

NCH2 When seeing a new or different brand on
the shelf, you would often pick it up just
to see what it is like

NCH3 Often reads the information on product
packages just out of curiosity

Need for cognition a

(adapted from Lins de Holanda Coelho
et al. [37])

(1-Strongly disagree; 7-Strongly agree)
Generally, your friend and/or family would describe
you as a person who…

NCOG1 Prefers complex problems more than
simple problems

NCOG2 Likes to have the responsibility of
handling a situation that requires a lot of
thinking

NCOG3 Would rather do something that requires
little thought than something that will
challenge my thinking abilities. (R)

NCOG4 Enjoys tasks that involve coming up with
new solutions to problems

Health consciousness a
(adapted from Chen [38])

(1-Strongly disagree; 7-Strongly agree)
Generally, the following statements apply to you:

HC1 I consider myself very health conscious

HC2 My health is so valuable to me that I am
prepared to sacrifice many things for it

HC3 I often ask myself whether something is
healthy for me

(continued)
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Table 2. (continued)

Variable Item/Scale

Dietary group attitude a

(adapted from Povey et al. [39])
(1-Strongly disagree; 7-Strongly agree)
Generally, you…

DGA1 Consciously avoid eating meat

DGA2 Do not enjoy eating meat

DGA3 Intend to have a vegetarian or vegan diet
in the future

Food variety seeking a

(adapted from Van Trijp and
Steenkamp [40])

(1-Strongly disagree; 7-Strongly agree)
Generally, the following statements apply to you:

FVS1 Usually, when I eat out, I like to try
unusual items, even if I am not sure I
would like them

FVS2 I think it is fun to try out food items that
one is not familiar with

FVS3 I am curious about food products I am not
familiar with

a = control variables
R = reverse code items.

4 Discussion and Outlook

We presented the design of a field experiment to investigate how AR technology can
provide value in facilitating incongruity resolution in the context of introducing inno-
vative products that can be schema-incongruent to consumers, based on the concept of
schema incongruity, as well as prior literature on cartoon effects and control, in relation
to incongruity resolution. We expect that certain designs of the AR experience can lead
to positive outcomes, specifically that cartoon-style designs of AR and AR experiences
that allows users to control its content will result in higher incongruity resolution, bet-
ter evaluations and stronger purchase and WOM intentions. We propose to test these
hypotheses in a realistic environment; a grocery store, and on a real product that has
been indicated to be schema-incongruent.

We anticipate our investigation to have implications for both research and practice
alike. For research, this studywill provide novel insights onAR’s uniqueproperties of: (1)
superimposing virtual items that can be designed in cartoon, distinctive styles into real-
world environments and; (2) its interactivity that allows for users to have a stronger sense
of control over the virtual items; and how these two features can lead to cognitive effects
of incongruity resolution. While our investigated context is largely based on a retail
environment and advertising as we are looking into product presentations, our findings
has the potential to be extended to other AR research areas such as in communications
(e.g. the study of AR designs to deliver incongruent messages or ideas) and education
(e.g. investigating how different AR designs can facilitate problem-solving). This study
also opens up avenues for future research within the same line of investigation. For
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instance, if our hypotheses are supported, it would be worth testing if different types
of schema-incongruent products would lead to the same results (e.g. if it was a luxury
product instead of a food product), and if other factors, such as product involvement and
brand familiarity, can influence the effects we hypothesised.

In terms of practice, we expect that our findings will provide evidence on whether
AR is a worthy investment for businesses. If we find that AR does indeed facilitate
incongruity resolution and lead to higher evaluations and purchase, our study would
indicate that designing and employing AR marketing campaigns to introduce a new
product would be a small price to pay compared to the losses that can incur if the launch
of a new product fails due to low consumer acceptance caused by conflicts in consumer
expectation or schema-incongruity. Our study can also inform how AR can be designed
(cartoon vs. realistic styles and with control vs. without control) to bring forth maximum
benefits to stakeholders. In addition, similar to how our study can be extended to research
in other domains, our findings may also be transferrable to other real-world contexts,
such as organisational shifts or structural changes where discomfort is high, stemming
from unfamiliarity (like with schema-incongruent products). For instance, stakeholders
may use AR-delivered transformative campaigns or AR technology to deliver difficult
announcements as it may lead to better outcomes compared to conventional modes of
communication.

We plan to proceed with the experiment as described in this paper, and in the fol-
lowing steps to our ongoing research endeavour, we plan to explore possible boundary
conditions, such as product involvement and brand familiarity, as previously mentioned.
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