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Abstract—Rapid technological advancement has altered the
demands of user experience (UX) in product design. However,
research has shown that there is a gap and paucity of conceptual
and practical models in this research field that may serve as
guidelines for the design of immersive technologies such as
augmented reality (AR) applications. ldentifying the variables
and components that influence the enhancement of AR design is
critical for creating a great UX. The literature indicated that
emotion is the primary driver of the UX. Therefore, this study
proposed a conceptual design model for AR mobile application
that incorporates user interface, interaction, and content design
elements while taking their emotions into consideration in order
to improve the UX. The focus of this study is to evaluate the
proposed conceptual design model of augmented reality mobile
application design (ARMAD) through expert reviews. Feedbacks
from the expert reviewers are compiled and illustrated in order
to refine the initial ARMAD model. The findings showed that
majority of the expert reviewers agreed that the conceptual
design model is suitable to be used as guideline in designing AR
applications that enhances the UX through emotional elicitation.
Accordingly, ARMAD model has been refined according to the
feedback and suggestions from the expert reviewers. This model
will provide researchers and practitioners insight into the essence
of AR design that influence the user experience.
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I.  INTRODUCTION

Augmented reality (AR) has received increased attention
over the last few years and has shaped a new way people
interact with technologies. With the advent of smartphones,
mobile augmented reality (MAR) has brought new
opportunities and experiences, leading to MAR's exponential
growth in recent years, with 1.1 billion AR users in 2022 [1].
The report also showed that around 83.1 million individuals
will use AR application at least once in a month [1]. The
emergence of AR technology has significantly improved the
usability and experience of smartphone users. MAR has
increased the accessibility to products and services in various
sectors including retail [2]-[4], transportation [5]-[7], tourism
[8], [9], games [10], [11], health [12], [13], and education
[14]-[16].

*Corresponding Author.

The advancement in this AR immersive technology has
altered the way people interact with devices and information,
hence provide new opportunities for investigating how to
design in immersive environments. To leverage AR in
improving the user experience (UX), the AR application must
be meticulously designed to captivate the user's attention and
satisfaction. Based on the literatures, there is a clear need for
research that considers the user emotions in AR design to
enhance UX [17]-[19] since user demand has expanded
beyond functionality to also include emotional satisfaction
[20]. Similarly, [21] argued that application design should
addresses the whole UX rather than the concept of usability
alone. However, the user may experience various design
challenges when using such immersive technologies [22],
[23]. As AR technology becomes more prevalent, the
requirement to grasp the intricacies of MAR interface design
to satisfy its users grows [24]. To deliver a positive UX
design, designers must address the user challenges by
comprehending the factor and components of AR design.

Although the usage of this persuasive technology is on the
rise, there is a scarcity of conceptual and practical models to
serve as a guide when designing AR applications for UX.
Most of the existing models focused only on the AR
application development [25], [26], games development [27],
[28], or AR for learning [29]. Although there exist models on
AR UX, their emphasis has been on overall system
development [30] and researching user acceptability on AR
applications [31], rather than investigating the relationship
between AR design components, emotions, and UX.
Therefore, what are the significant components for designing
an emotional UX for AR mobile application? This study aims
to find out the answer to this question by obtaining and
incorporating expert opinions. For that purpose, this study
proposed a conceptual model for augmented reality mobile
application design (ARMAD) through a combination of user
interface (UIl), interaction and content design components to
better understand the influence of those components on the
user's emotional experience. The main concern of the expert
validation is to verify the following research questions (RQ):

RQ1) What are the significant components that are
required in designing the AR mobile application?

RQ2) Does the design components able to elicit the user’s
emotion?
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This study employed Kansei Engineering (KE) [32]; a
widely used method for emotional design research [33]. KE
suggested using specimens to identify the relationship
between emotion and product design [34]. Therefore, in this
study, the specimens were provided to the expert reviewers
throughout the validation procedure so that they could
experience the AR product samples and evaluate whether the
specimens could elicit their emotions. This study is motivated
by the advanced technological research and trends in UX and
AR. Since the past literatures demonstrated that UX is a
phenomenon that contributes to the success of technological
products [35]-[37], therefore investigating the potential of
emotional UX in the field of AR technology is warranted.

Il. RELATED WORKS

A. Emotional user Experience Design

The landscape of UX demand has significantly changed as
a result of rapid advancements in information technology. UX
is a field in which emotions play a significant role [21], [38].
According to [39], UX design is concerned with the emotional
state of the user during, before, and after using a particular
technological product. This emotional experience influences
the user's proclivity to remain involved with the product in the
future. UX design is the practice of designing products with
users in mind in order to provide meaningful, relevant, and
engaging experiences to the intended users. UX is crucial in
technological product design because it has the ability to
enhance the user's satisfaction and loyalty [17], [19]. The most
crucial factor in deciding how successful a product is how
widely it is accepted and adopted by its users [40]. While the
user acceptance is often influenced by their user experience,
therefore a user's perception and emotions of a product also
rely on the quality of their interaction with the product.
Unfortunately, the human factor is often disregarded in most
product development, as argued by [41], [42]. This is also
supported by [43], who advocated for early user involvement
in the product design phase. [44] argued that it is extremely
important to comprehend how a user feels about the design's
aesthetics and other visual elements. In line with this, [19] also
argued that incorporating the user's emotions into the design
leads in a more satisfying and engaging experience for the
user. But how can the user's emotions be incorporated into the
product's design? There is a popular method in emotional
design research known as Kansei Engineering that may
address human affect by translating their emotions into design
components [34]. KE often entails evaluating product samples
or specimens to identify how the design components influence
the user’s emotional experiences.

B. User Experience in the Augmented Reality Context

AR is a technology that substantially enhances the UX by
superimposing audio or visual content [45]-[47]. In another
word, AR enables mobile devices to create engaging user
experiences by layering digital contents on physical
environments [48], [49]. This way, AR application may
captivate the wuser’s attention through its immersive
environment. It has been argued by [50] that not only it is able
to improve the UX, but AR has also elevated the user interface
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(Ul) to a new level. According to [50], AR is capable of
facilitating emotionally engaging experiences. Nevertheless,
[51] argued that without careful design, AR application might
result in user dissatisfaction and confusion, besides being
difficult to comprehend and adapt. As reported by [51], the
AR Ul that is supplemented with unnecessary information has
confused the users and has caused them to have problems to
understand the features. This is also supported by [52] who
conducted a study on graphical user interface, which found
that some of the users have reported funny or negative feelings
when using the AR mobile applications, and the design may
give users confusion with the unsuitable visual cues displayed
on the mobile screen. The limited screen size of a mobile
devices also plays a role in triggering user negative emotions,
if the screen is cluttered or improperly designed [31], [47].
Hence, [51], [52] has suggested to use proper and only
necessary visual design elements in AR design. Therefore,
there is a need to explore the possible design components for
the AR-based mobile application design that can foster
positive emotions and user experience.

Although the literatures asserted that AR mobile
applications are capable of delivering a new level of
interaction via their virtual Ul [47], [50], however there is a
lack of models that emphasize on AR mobile application
design for the UX. The summary of the existing AR models is
presented in Table I.

As depicted in Table I, most of the existing models
focused on the overall AR product development [25], [26],
[53], [58], user engagement [28], AR learning [29], [55], [56],
games development [27], [28], [57], and user acceptance or
adoption of the MAR applications [31], [40]. However, none
of these models put an emphasis on the AR design
components that may elicit a positive emotional UX, thus need
further research [59], [60]. Therefore, it is important to have a
model that explores the user emotions and investigate how
they are influenced by AR design elements in order to design
a positive AR user experience.

C. The Importance of Expert Review in Model Development

An expert is someone who can provide a professional and
useful opinion based on their knowledge, experience, and
reputation in their field of expertise [61]. In research, field
experts are the valuable source of information in providing
empirical input and judgment in evaluation [62]. Expert
opinion is valuable in reviewing a certain model and
framework, or when verifying a phrase, method, or approach
in research, because in order to acquire relevant and concrete
results, a research needs to obtain necessary feedback from the
expert knowledge [61]. According to the literature, model
validation can be performed by reviewing and enlisting
experts in evaluating the suitability and completeness of all
variables or components involved, and should be pertinent to
the research objective [63]. The procedure of expert review is
conducted to ensure that the model is acceptable and that each
of its component is pertinent to the research [64]. Therefore, in
this study, experts play a significant role in reviewing and
verifying the model's suitability for the research at hand.
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attempts to achieve two research objectives; 1) To identify the
significant components required in designing an AR mobile
application, and 2) To determine whether the design
components can evoke the emotions of the user. The expert
review procedure was designed to ensure that the ARMAD
model was constructed in accordance with the study's
objectives. Therefore, the expert review process will focus on
these two main concerns of the model.

Generally, the proposed conceptual design model for AR
mobile application consists of five main components which
are user interface design, interaction design, content design,
context of the system, as well as emotion. The method used to
construct the ARMAD model is based on [67]. The model is
presented in Fig. 1 and each of the model’s component is
further elaborated below.

USER INTERFACE
DESIGN

INTERACTION
DESIGN

EMOTION

CONTENT
DESIGM

CONTEXT

Fig. 1. The Initial Conceptual Model of Augmented Reality Mobile
Application Design

The following Table Il presents the components of the
ARMAD model. Their descriptions are provided in order to
explain why each of the components is relevant to this study.

TABLE I. EXISTING AUGMENTED REALITY APPLICATION MODELS
Source | Model Context Aspects Discussed Research
Focus
Conceptual model for Design and
[30] AR application design Implementation of
and development for User Experience
user experience Model for AR Systems
Conceptual model for Enriching learning in AR
[26] M-learning application architectural classroom | Application
development with MAR development
Conceptyal T“Ode' for MAR for cultural
AR application heritage towards
(53] development enjo gble informal
(hardware, software) | 1oy
- . earning
with enjoyable aspect
Design and
Conceptual mgdel of development of AR
MAR for hearing L AR user
[54] . - application that focus
impaired museum e engagement
L s on museum visitor’s
visitors’ engagement
engagement.
Factors Affecting AR
[40] Conceptugl model for adoption in retail
AR adoption :
industry AR
Encourage UX, acceptance
[31] Conceptual Framework | satisfaction and or adoption
for user acceptance willingness in E-
commerce purchase
AR technologies with
[29] Conceptu_al model for adaptive learning
AR learning
systems
Conceptual model for -
ot AR application .
[55] de5|gn|n_g MAR development for AR learning
application to learn - .
basi teaching and learning
asic numbers
[56] Conceptual design MAR for Geography
model for learning Fieldwork Learning
Conceptual mode_l for MAR games user
[28] user engagement in endagement
MAR games gag
oo s o cames
A development
[57] interaction technique in MAR games P
MAR Games
[27] Conc_:eptual model for MAR games
mobile games
I1l. METHODOLOGY

A. Description of the Proposed Model (ARMAD)

In this section, the proposed model is described in detail.
The model is a conceptual design model for AR mobile
application. A conceptual design model is a representation of a
system that illustrates its components' interdependencies [65].
It serves as a base prior to the product design and requires
understanding with design concepts in their entirety [66].
Examining the conceptual design model may provide insight
into how well the variables are related in light of the research
objective [65]. The purpose of this model is to identify the
design components that are able to elicit the user’s emotion.
As a reflection of the two research questions stated in
Section I, the formation of this conceptual design model

TABLE Il THE MODEL COMPONENTS OF AUGMENTED REALITY MOBILE
APPLICATION DESIGN
Components Description of Significance Source
An application’s interface is the first station
k [30],
where the user will land on a system. The user [48]
. interface (UI) will serve as the user's point of '
User interface contact with the system, allowing them to view, %gg}
access, or manipulate the information or visual
elements on the screen.
To increase individual’s involvement with the
system so that person in the virtual world may
! [21],
engage naturally and feel in control. By [30]
Interaction providing users with timely feedback and the [70]’7
means to manipulate the visual elements, the
- o - [72]
system can provide a realistic simulation to the
users.
The virtual content is intended to aid users in
Content adapting to their new surroundings and [73]-
engaging with the system's activities in an [76]
immersive environment.
Context The environment in which AR technology [77]-
being designed will function or be incorporated. | [79]
The perceptions and feelings that develop in the
. ; . [80]-
Emotion mind of a person as a result of that person's [82]
unique set of experiences.
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B. Procedures for Expert Review

Evaluation strategies based on expert review have proven
to be very effective [64]. Therefore, in this study, an expert
review procedure was conducted in two main phases to
validate the proposed model. As illustrated in Fig. 2, several
steps were carried out in order to achieve the review objective;
1) to finalize the list of expert reviewers and 2) to acquire the
experts' review findings.

Phases Activities Outcome
N E?(pert_s List of expert
Phasel ide g;z I;:_-:t ::1 né reviewers
Ohbjective 1
Inst ¢ Specimens
Phasell nSUMENt 1 | preparation for
preparation expert reference
Model review by | | | Review
EXpErts Results
Objective 2

Fig. 2. Phases Involved in Expert Review Procedure

C. Phase | — Experts Identification and Selection

The objective of the first phase is to finalize the list of
expert reviewers. According to [63], expert selection is very
important in the validation process. This entailed identifying
the requirements for expert reviewers, which were set in
accordance with the following criteria:

1) Possess at least five years of work experience in the
relevant fields of this study.

2) Have at least practical, teaching, or research experience
pertaining to UX design, augmented reality, mobile
application design, or Human Computer Interaction (HCI).

All of the selected experts have more than five years of
experience in their respective disciplines and have expertise in
the relevant domains of UI/UX design, mobile application
design, AR, or HCI. According to [83], the ideal number of
involvement should be three to five experts in the process of
gathering knowledge or making recommendations. Therefore,
five experts were chosen to participate in this study and the
summary of expert demographics is displayed in Table IV.

D. Phase Il — Instrument and Procedures

The second phase involved model validation by the
experts. However, before the validation procedure begins, a
set of questionnaire has been prepared as the review
instrument. This study employed Kansei Engineering (KE)
approach to guide the review process due to its applicability in
emotional design research. KE procedures entail delivering
product specimens for evaluation in order to elicit an
emotional response [34]. The specimens are also used to
identify whether a particular product design can evoke
emotions when using the AR-based products. Therefore, the
experts were supplied with six specimens, as depicted in
Table I1l. All specimens are provided in video format with
specific links to AR-based products to enhance expert
understanding of the relationship between emotions and AR
mobile application design. All experts are required to fill out
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the questionnaire when evaluating the model, and use the
specimens as a reference. The choices of specimens were
made based on the relevant market-available products, as
suggested by [34]. Since the conceptual design model
proposed in this study focused on designing AR mobile
application, therefore, the samples of its type were provided as
reference to the reviewers, as represented in Table I11.

After all the instruments and materials were prepared, the
experts were provided with the review form which comprised
of five parts: 1) demographic information and research
description, 2) consent form, 3) the proposed ARMAD model
for their review, 4) list of specimens with working link, and
5) questionnaire. The questionnaire was designed in
accordance with the research questions pertaining to why the
model was constructed, as stated in Section 1. Since the main
concern of the model development was to identify the relevant
components for AR mobile application design and to assess if
the design components presented in the model are appropriate
for emotion elicitation, therefore the questionnaire has been
tailored to address these questions. The questionnaire was
divided into three sections, which are, 5SA) the model’s
primary components, along with their descriptions, 5B) the
relevance of each component to the augmented reality mobile
application, 5C) expert’s overall opinion which include the
model’s logical connections and flow, appropriateness of each
component, the overall design readability, their agreement
with the proposed model, and whether all of the components
are suitable for eliciting users’ emotions. In addition, they
were encouraged to further comment in the provided sections,
particularly for the overall opinion part. Since some of the
experts are based on international company, therefore the
review processes were conducted through email and some
though physical meeting. Experts were given two weeks to
review the model and complete the questionnaire. In the final
step, the review forms were analyzed in order to determine the
applicability of the model to be incorporated in the design of
AR mobile application that enhances UX via emotions.

TABLE IIl.  LIST OF PROVIDED SPECIMENS FOR EXPERT USE
. Specimen . Specimen
Specimen Ul ID & Link Specimen Ul ID & Link
SR001 SR004
Specimen Specimen
Link Link
SR002 SR005
Specimen Specimen
Link Link
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Scan AR Light house

SR003 SR006
Specimen Specimen
Link Link

TABLE V.
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EXPERTS FEEDBACK ON THE RELEVANCE OF EACH MODEL
COMPONENT

No.

(No. of experts = 5)

Proposed Components Maybe Not

Relevant
Irrelevant Relevant

User Interface Design 0 0

IV. FINDINGS AND ANALYSIS

A. Expert Review Identification

As previously stated, the purpose of this study is to
validate the proposed model through expert review. Following
identification process, five experts were selected to participate
in this study based on their expertise and specialized
knowledge in the fields. This number is adequate according to
[83], who suggested that the number of reviewers could range
from three to five experts. Table IV displays the demographic
information of the experts.

Interaction Design

Content Design

Context

A |W|IN |-

g~ an

0
0
1
0

olo|lo|o

Emotion

TABLE IV.  THE EXPERT DEMOGRAPHICS
Expert | Gender | Field of Expertise Experience
El Male AR, UI/UX Design, Mobile App Design 9
E2 Male UX Design 7
E3 Male AR, UI/UX Design 8
E4 Female | UX Design, HCI 21
E5 Female | AR, HCI 17

B. Analysis of Expert Review

The review results are presented in Table V to Table VII,
and in Fig. 3. For part 5A of the questionnaire, all of the
experts agreed that the descriptions of the model’s
components as presented in Table Il are correct and should be
maintained. While in 5B, the relevance of each component to
AR mobile application was rated by the experts, as shown in
Table V.

The results of part 5B are depicted in Table V, which
indicated that majority of experts are in agreement that the
proposed conceptual design model is applicable to the
research focus and has pertinent relationship among the
components. However, there is an exception for the ‘context’
component, which according to one of the experts, although
relevant to this study, context may not be grouped with other
design components. According to the expert, the context
however, remains significant in this research to ensure that all
design components are designed within a particular system
context.

Part 5C sought expert opinions on the model's readability,
relationship, and appropriateness, and the findings are shown
in Fig. 3. The findings showed that all of the experts agreed
that the conceptual design model is readable and
understandable, the relationship between each and every
component is appropriate and sensible, and the proposed
model is practical for the affective design of AR-based mobile
applications.

s

w

]

[

In general, the design model

The relaticnship between
each and every component is
appropriate and sensible.

The proposed model is
practical for the affective
design of AR-based mobile

applications.

is readable and
understandable.

HYes ENo

Fig. 3. Expert Opinion on the Model Readability, Relationship, and

TABLE VI.

Appropriateness.

EXPERTS RESPONSE ON THEIR AGREEMENT WITH THE
PROPOSED MODEL

Expert

Summary of Response

El

Yes, the model is applicable and relevant to various types of AR
mobile applications. The model consists of all the important
components for augmented reality and has covered the most
influential AR parts such as user interface. The U, as the user’s
first station, plays a very important role, to allow users interact
through it, and to boost user’s interest to explore further.

E2

The proposed model meets my agreement. The UX design needs to
have sufficient, relevant contents that are customised to particular
system context in order for interactions to take place. Since the
goal is to enhance the user's experience, this approach is a good fit.

E3

Overall, the model looks good and workable as it emphasis on the
UI/UX design. However, | would like to suggest that the context
may not be grouped together with other design components, rather,
it may stand by itself to support the entire system design in a
particular system context.

E4

Yes. The model is well-defined, and its constituent parts are well-
suited to the study of emotional design as intended by the
researcher.

E5

Agree. Each of the proposed components is vital to the design of a
system. The Ul, is the core component in system design since it
supports communication between user and the system. The
interaction component is able to support various kinds of
interaction in AR system context, it could be the way the touch the
screen to manipulate the digital elements, etc. in addition, the AR
system should be supplied with the right contents in order to get
the system works. Well, all of the components presented in the
model are the essence of a system design. However, since
designers have to design AR systems according to a specific AR
environment, it is good to consider the inclusion of context as well.
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In addition, experts were also asked about the acceptability
of the design model. Table VI presents the feedback and
comments of experts in response to the question, "Overall, do
you agree with the proposed model? Please state reasons for
your response”. As shown in the table, experts agreed with
each component proposed to be associated with any mobile
augmented reality application. According to their feedback,
the Ul, interaction, and content are the essence of AR
application design, which should be built within a particular
system context or environment, and the user's emotions will
play a major role in shaping the user experience.

TABLE VII. EXPERTS FEEDBACK WHETHER THE PROPOSED MODEL COULD

ELICIT EMOTION

Expert Comments

In my view, the user's degree of satisfaction with a product may be
impacted by their emotions, at least in part. Designers may achieve
user pleasure via thoughtful creation of the Ul, interactions, and
El content. However, for anything to be helpful and satisfying to its
intended audience, the design must be appropriate to its context of
usage. As demonstrated in specimen 004, design aesthetics have
the power to make us feel good.

The UX design cares about the user experience, and it is influenced
by the user’s emotions. These components appear to meet the

E2 design requirements, and as UI/UX designers, we are always
thinking about how to improve the user experience and for that
reason, we carry out user research on a regular basis.

I've accessed all the specimens supplied to get a feel for the
product. Having handled a wide variety of specimens, I've had a
E3 wide range of experiences, each of which has influenced my
feelings. Some specimens made me feel happy because | found
them entertaining, while others made me feel confused.

After reviewing all the specimens, SR006 caught my interest
because of its well-designed interface and interactivity it provides.
I am very certain that this specimen will be useful for augmented
reality type of applications.

E4

The combination of these components is able to stir the user's
emotions, and | have personally experienced this after evaluating
E5 all of the provided specimens. It is also important that the user
interface give clear and concise instructions for user friendliness
and understanding.

Table VII presents the experts' response to the question,
“Are the components of this conceptual design model (user
interface, interaction, content, and context) suitable for
eliciting users' emotions?”. For this question, experts are
required to refer to the provided specimens. The experts found
that the specimens have evoked a range of emotions from
positive to negative, which led them to agree with the
question.

Overall, the findings of the expert review indicated that
most of the experts agreed with the proposed conceptual
design model with minor modification required, and they
considered that the combination of the model's components is
capable of eliciting user emotions and is suitable to this
research.

C. The Revised Conceptual Design Model

As can be seen in Table V to Table VII and Fig. 3, the
majority of experts agreed that the proposed conceptual design
model exhibits appropriate components and relationship for
the study. However, the goal of this expert review was to
obtain complete agreement from all experts in all sections; if
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at least one expert disagrees with or is unsure about a model or
component, the model should be revised accordingly. Based
on the recommendations of the experts, the initial version of
the model was refined for better comprehension and to fit the
context. The expert E3 has suggested that the ‘context’
component may not be appropriate to be grouped with other
design components since it is not a design component but
rather serves to support the design process on a particular
system context. Therefore, the expert suggested to remain the
context in the model but keeping it separate from other design
components. The AR conceptual design model has been
revised and redesigned based on the expert’s feedback and
recommendations. The revised ARMAD model is presented in
Fig. 4.

USER INTERFACE
DESIGN

INTERACTION
DESIGN

EMOTION

CONTENT
DESIGN

CONTEXT

Fig. 4. Augmented Reality Mobile Application Design (ARMAD) Model.

ARMAD model suggested that all the design components;
Ul, interaction, as well as content should be designed within
AR system context in order to make it purposeful. The Ul
design in this model suggested that the AR mobile application
should be designed with interface-environment harmony using
suitable visual cues in order to let the user feel presence in the
virtual world. In order to enhance positive user experience, the
interaction of AR application should be designed with lively
interaction that able to provide instantaneous feedback while
the users engage with the application. In addition, the design
of AR applications needs to take into account the form of
virtual content in order to provide insightful information and
instructions to users in an immersive environment. The main
idea of this model is to understand the influence of the user
interface, interaction, as well as content design on the users’
emotional experience with augmented reality mobile
application.

V. CONCLUSION

Motivated by the advanced technology research and trends
in UX and AR, as well as the absence of models in the
research area, this study proposed a conceptual model for AR
mobile application design (ARMAD) that caters to the users'
emotional experiences. The proposed conceptual design model
intends to fill the gap of previous AR models that did not
address the user emotions in improving the UX. This study
sought consultation from experts to validate the initial
ARMAD model. In light of this, the expert review methods
and procedures involved in this study are outlined in depth.
Findings of the expert review are collected and presented in
order to improve the ARMAD model. Overall, findings
showed that the majority of experts agreed that the conceptual
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design model proposed in this study is a useful guide and
practical for use in designing the AR mobile application. All
of the expert reviewers agreed that the proposed model is
suitable for eliciting users' emotions and that the relationship
between the model's components are comprehensible, sensible
and practical to the research focus. The final step involved
refining the model based on reviewers' recommendations.
Objectively, this model contributes to defining design
elements towards enhancing the emotional UX of AR mobile
applications. Understanding user emotions is crucial because it
influences the wuser satisfaction and most importantly,
establishes a baseline for designing for a positive UX. This
study concludes that the objective of validating the ARMAD
model has been met.

The limitation of this research involved the difficulty in
obtaining specimens for evaluation since the majority of
accessible specimens are in video form. Therefore, only video
samples were used as specimens for the reviewer.

Future work should entail creating an AR prototype that
incorporates the design components and guidelines proposed
in the ARMAD model. Kansei Engineering method may be
employed to determine the influence of design elements on
user emotions using a self-reporting quantitative approach.
The outcomes of the research design may be used to verify the
effectiveness of this model.

ACKNOWLEDGMENT

The authors would like to acknowledge the Faculty of
Computer and Mathematical Sciences, Universiti Teknologi
MARA (UiTM), the Research Initiative Group for Emotion,
Kansei and Design Engineering (RIG EKDE), UiTM for all
their assistance to the research paper. This work was partially
supported under UiTM grant scheme 600-RMC/GPM SS 5/3
(094/2021).

REFERENCES

[1] T. Alsop, “Global mobile augmented reality (AR) user devices 2019-
2024,” Technol. Telecommun. Stat., vol. 1, no. 2022, 2022.

[2] J-Y. M. Kang, J.-E. Kim, J. Y. Lee, and S. H. Lin, “How mobile
augmented reality digitally transforms the retail sector: examining trust
in augmented reality apps and online/offline store patronage intention,”
J. Fash. Mark. Manag., 2022, doi: https://doi.org/10.1108/JFMM-12-
2020-0273.

[3] S.R. Nikhashemi, H. H. Knight, K. Nusair, and C. B. Liat, “Augmented
reality in smart retailing: A (n) (A) Symmetric Approach to continuous
intention to use retail brands’ mobile AR apps,” J. Retail. Consum.
Serv.,, vol. 60, no. 2021, p. 102464, 2021, doi:
https://doi.org/10.1016/j.jretconser.2021.102464.

[4] V. Saprikis, G. Avlogiaris, and A. Katarachia, “Determinants of the
Intention to Adopt Mobile Augmented Reality Apps in Shopping Malls
among University Students,” J. Theor. Appl. Electron. Commer. Res.,
vol. 16, no. 3, pp. 491-512, 2021, doi:
https://doi.org/10.3390/jtaer16030030.

[5] W. Titov, C. Keller, and T. Schlegel, “Augmented Reality Passenger
Information on Mobile Public Displays — an lIterative Evaluation
Approach,” in International Conference on Human-Computer
Interaction. HCIl 2021: HCI in Mobility, Transport, and Automotive
Systems, 2021, vol. 12791, pp. 126-143, doi:
https://doi.org/10.1007/978-3-030-78358-7_8.

[6] A. O. Nurminen and K. M. Sirvio, “Bus Stop Spotting: a Field
Experiment Comparing 2D Maps, Augmented Reality and 3D Maps,”
MobileHCI °21 Proc. 23rd Int. Conf. Mob. Human-Computer Interact.,
no. 37, pp. 1-14, 2021, doi: https://doi.org/10.1145/3447526.3472051.

Vol. 13, No. 10, 2022

[71 J. Z. Flores et al., ““ADAPEI-TRANSPORT’: A GPS Based Mobile
App for Learning Paths and Improving Autonomy for Young Adults
Having Intellectual Disabilities to Take Public Transport,” in
International Conference on Computers Helping People with Special
Needs (ICCHP 2020), 2020, vol. 2377, pp. 112-119, doi:
https://doi.org/10.1007/978-3-030-58805-2_14.

[8] E. Ozkul and S. T. Kumlu, “Augmented Reality Applications in
Tourism,” Int. J. Contemp. Tour. Res., vol. 3, no. 2, pp. 107-122, 2019,
doi: 10.30625/ijctr.625192.

[9] T. van Nuenen and C. Scarles, “Advancements in technology and digital
media in tourism,” Tour. Stud., vol. 21, no. 3, p. 146879762199041,
2021, doi: https://doi.org/10.1177/1468797621990410.

[10] K. M.S.Faqih, “Factors influencing the behavioral intention to adopt a
technological innovation from a developing country context: The case of
mobile augmented reality games,” Technol. Soc., vol. 69, no. 2022, p.
101958, 2022, doi: https://doi.org/10.1016/j.techsoc.2022.101958.

[11] K. Han, K. Park, K.-H. Choi, and J. Lee, “Mobile Augmented Reality
Serious Game for Improving Old Adults” Working Memory,” Appl.
Sci., vol. 11, no. 7, p. 7843, 2021, doi:
https://doi.org/10.3390/app11177843.

[12] J. D. Hemanth, U. Kose, O. Deperlioglu, and V. H. C. de Albuquerque,
“An augmented reality-supported mobile application for diagnosis of
heart diseases,” J. Supercomput., vol. 76, no. 2020, pp. 1242-1267,
2020, doi: https://doi.org/10.1007/s11227-018-2483-6.

[13] C. Moro, C. Phelps, P. Redmond, and Z. Stromberga, “HoloLens and
mobile augmented reality in medical and health science education: A
randomised controlled trial,” Br. J. Educ. Technol., vol. 52, no. 2, pp.
680-694, 2020, doi: https://doi.org/10.1111/bjet.13049.

[14] G. Kegeci, P. Yildirim, and F. K. Zengin, “Determining the Effect of
Science Teaching Using Mobile Augmented Reality Application on the
Secondary School Students’ Attitudes of toward Science and
Technology and Academic Achievement,” Sci. Educ. Int., vol. 32, no. 2,
pp. 137-148, 2021.

[15] M. M. Marques and L. Pombo, “The Impact of Teacher Training Using
Mobile Augmented Reality Games on Their Professional Development,”
Educ. Sci.,, wvol. 11, no. 8, p. 404, 2021, doi:
https://doi.org/10.3390/educsci11080404.

[16] C. Papakostas, C. Troussas, A. Krouska, and C. Sgouropoulou,
“Exploring Users’ Behavioral Intention to Adopt Mobile Augmented
Reality in Education through an Extended Technology Acceptance
Model,” Int. J. Human-Computer Interact, 2022, doi:
https://doi.org/10.1080/10447318.2022.2062551.

[17] B. Stangl, D. C. Ukpabi, and S. Park, “Information and Communication
Technologies in Tourism 2020,” Inf. Commun. Technol. Tour. 2020, pp.
181-191, 2020, doi: 10.1007/978-3-030-36737-4_15.

[18] A. Dirin and T. H. Laine, “User experience in mobile augmented reality:
Emotions, challenges, opportunities and best practices,” Computers, vol.
7, no. 2, 2018, doi: 10.3390/computers7020033.

[19] J. Marin-Morales, C. Llinares, J. Guixeres, and M. Alcaifiiz, “Emotion
recognition in immersive virtual reality: From statistics to affective
computing,” Sensors (Switzerland), vol. 20, no. 18, pp. 1-26, 2020, doi:
10.3390/s20185163.

[20] D. Norman and J. Nielsen, “The Definition of User Experience (UX),”
Nielsen Norman Group. World Leaders in Research-Based User
Experience, 2017. https://www.nngroup.com/articles/definition-user-
experience/.

[21] D. A. Norman, S. Diego, and A. Ortony, “Designers and Users: Two
Perspectives on Emotion and Design,” Theor. Pract. Interact. Des., no.
May, pp. 125-138, 2020, doi: 10.1201/9781482269536-15.

[22] P. Stobiecki, “Augmented reality —challenges and threats,” Ekon. Probl.
Ustug, vol. 131, pp. 197-205, 2018, doi: 10.18276/epu.2018.131/2-19.

[23] D. Marques and R. Costello, “Concerns and Challenges Developing
Mobile Augmented Reality Experiences for Museum Exhibitions,”
Museum Journal. Wiley Online Libr., vol. 61, no. 4, pp. 541-558, 2018,
doi: doi.org/10.1111/cura.12279.

[24] P. J. Van de Broek, C. Onime, J. O. Uhomobhi, and M. Santachiara,
“Evolution of User Interface and User Experience in Mobile Augmented
and Virtual Reality Applications,” Intech Open, 2022, doi:
10.5772/intechopen.103166.

580|Page

www.ijacsa.thesai.org



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

(1JACSA) International Journal of Advanced Computer Science and Applications,

E. J. Baker, J. A. Abu Bakar, and A. N. Zulkifli, “A Conceptual Model
of Mobile Augmented Reality for Hearing Impaired Museum Visitors’
Engagement,” Int. J. Interact. Mob. Technol., vol. 14, no. 17, pp. 79-96,
2020, doi: 10.3991/ijim.v14i17.16649.

S. Hosny, S. Abdel Mohsen, and S. Mansour, “a Conceptual Framework
for Enriching Architectural Classroom With Mobile Augmented
Reality,” J. Al-Azhar Univ. Eng. Sect., vol. 14, no. 50, pp. 158-175,
2019, doi: 10.21608/auej.2019.28486.

P. A. Rauschnabel, A. Rossmann, and M. C. Tom Dieck, “An adoption
framework for mobile augmented reality games: The case of Pokémon
Go,” Comput. Human Behav., vol. 76, pp. 276-286, 2017, doi:
https://doi.org/10.1016/j.chb.2017.07.030.

D. Permadi and A. Rafi, “Developing a conceptual model of user
engagement for mobile-based augmented reality games,” J. Teknol., vol.
77, no. 29, pp. 9-13, 2015.

V. V. Osadchyi, H. Y. Chemerys, K. P. Osadcha, V. S. Kruhlyk, S. L.
Koniukhov, and A. E. Kiv, “Conceptual model of learning based on the
combined capabilities of augmented and virtual reality technologies with
adaptive learning systems,” CEUR Workshop Proc., vol. 2731, no.
November, pp. 328-340, 2020.

S. Irshad, D. R. A. Rambli, and S. Sulaiman, “Design and
implementation of user experience model for augmented reality

systems,” ACM Int. Conf. Proceeding Ser., no. November, pp. 48-57,
2020, doi: 10.1145/3428690.3429169.

S. Junsawang and S. Chaveesuk, “User experience of augmented reality
to encourage user satisfaction and willingness in e-commerce: A
conceptual framework,” Proc. 2019 9th Int. Work. Comput. Sci. Eng.

WCSE 2019, vol. 090, pp. 611-616, 2020, doi:
10.18178/wcse.2019.06.090.
M. Nagamachi, “Successful Points of Kansei Product,” in 7th

International Conference on Kansei Engineering and Emotion research
2018 (KEER 2018), 2018, pp. 177-187.

A. M. Lokman, N. N. N. N. Ismail, and A. Hadiana, Kansei Engineering
in Malaysia and Indonesia: A Systematic Literature Review, vol. 1256
AISC. Springer Singapore, 2020.

M. Nagamachi and A. M. Lokman, Innovations of Kansei Engineering.
CRC Press, 2011.

B. Nyagadza, G. Mazuruse, A. Muposhi, T. Chuchu, T. Makoni, and B.
Kusotera, “Emotions’ influence on customers’ e-banking satisfaction
evaluation in e-service failure and e-service recovery circumstances,”
Soc. Sci. Humanit. Open, vol. 6, no. 1, p. 100292, 2022, doi:
https://doi.org/10.1016/j.ssah0.2022.100292.

G. C. Guerino and N. M. C. Valentim, “Usability and user experience
evaluation of natural user interfaces: a systematic mapping study,” IET
Softw.,, wvol. 14, no. 5  pp. 451-467, 2020, doi:
https://doi.org/10.1049/iet-sen.2020.0051.

J. Sauer, A. Sonderegger, and S. Schmutz, “Usability, user experience
and accessibility: towards an integrative model,” Ergonomics, vol. 63,
no. 10, pp. 1207-1220, 2020, doi: 10.1080/00140139.2020.1774080.

V. Distler, C. Lallemand, and V. Koenig, “How Acceptable Is This?
How User Experience Factors Can Broaden our Understanding of The
Acceptance of Privacy Trade-offs,” Comput. Human Behav., vol. 106, p.
106227, 2020, doi: 10.1016/j.chb.2019.106227.

D. A. Norman, “Emotion & design,” Interactions, vol. 9, no. 4, pp. 36—
42,2002, doi: 10.1145/543434.543435.

S. S. Alam, S. Susmit, C. Y. Lin, M. Masukujjaman, and Y. H. Ho,
“Factors affecting augmented reality adoption in the retail industry,” J.
Open Innov. Technol. Mark. Complex., vol. 7, no. 2, 2021, doi:
10.3390/joitmc7020142.

A. G. Persada, “Emotional Design on User Experience-based
Development System,” Proc. 2018 Int. Conf. Electr. Eng. Comput. Sci.
ICECOS 2018, pp. 225-230, 2019, doi:
10.1109/ICEC0S.2018.8605199.

S. Carthy, K. Cormican, and S. Sampaio, “Knowing me knowing you:
Understanding user involvement in the design process,” Procedia
Comput. Sci., vol. 181, no. 2019, pp. 135-140, 2021, doi:
10.1016/j.procs.2021.01.113.

B. Fischer, A. Peine, B. Ostlund, and P. C. Heyn, “The Importance of
User Involvement: A Systematic Review of Involving Older Users in

[44]

[45]

[46]

[47]

(48]

[49]

(50]

[51]

[52]

(53]

[54]

[55]

[56]

(571

(58]

[59]

[60]

Vol. 13, No. 10, 2022

Technology Design,” Gerontologist, vol. 60, no. 7, pp. E513-E523,
2020, doi: 10.1093/geront/gnz163.

N. F. Taharim, A. M. Lokman, and W. A. R. W. M. Isa, “Emotion and
playful elements in mobile learning,” Int. Conf. Next Gener. Mob. Appl.
Serv. Technol., pp. 72-76, 2016, doi: 10.1109/NGMAST.2016.23.

C.-C. Santiago, D. Abad-Vésquez, M. Martic-Nieto, F. Andrés
Velédsquez-G, J.-L. Pérez-Medina, and S. Lujan-Mora, “Towards a New
Learning Experience through a Mobile Application with Augmented
Reality in Engineering Education,” Appl. Sci., vol. 11, no. 11, p. 4921,
2021, doi: doi.org/10.3390/app11114921.

J. Githke, “The impact of augmented reality on overall service
satisfaction in elaborate servicescapes,” J. Serv. Manag., vol. 31, no. 2,
2020.

M. Trunfio, M. Della Lucia, S. Campana, and A. Magnelli, “Innovating
the cultural heritage museum service model through virtual reality and
augmented reality: the effects on the overall visitor experience and
satisfaction,” J. Herit. Tour., vol. 17, no. 1, pp. 1-19, 2022, doi:
10.1080/1743873X.2020.1850742.

J. Cao, K.-Y. Lam, L.-H. Lee, X. Liu, P. Hui, and X. Su, “Mobile
Augmented Reality: User Interfaces, Frameworks, and Intelligence,” no.
111, 2021, [Online]. Available: http://arxiv.org/abs/2106.08710.

K.-H. Chang and T. Seder, “Automotive Augmented Reality: User
Experience and Enabling Technology,” Inf. Disp. Front. Technol., vol.
38, no. 1, pp. 12-18, 2022, doi: doi.org/10.1002/msid.1272.

R. Kromhout and L. Calvi, “Augmented Reality as a Mediator for
Emotionally Engaging Stories: A case study for AR-based stories related
to World War II,” ACM Int. Conf. Proceeding Ser., pp. 3—7, 2021, doi:
10.1145/3452853.3452901.

A. Neb, D. Brandt, R. Awad, S. Heckelsmiller, and T. Bauernhansl,
“Usability study of a user-friendly AR assembly assistance,” Procedia
CIRP, vol. 104, pp. 74-79, 2021, doi: 10.1016/j.procir.2021.11.013.

Y. Jin, M. Ma, and Y. Zhu, “A comparison of natural user interface and
graphical user interface for narrative in HMD-based augmented reality,”
Multimed. Tools Appl., vol. 81, no. 2022, pp. 5795-5826, 2021, doi:
https://doi.org/10.1007/s11042-021-11723-0.

U. Chandini Pendit, S. B. Zaibon, and J. A. Abu Bakar, “Conceptual
model of mobile augmented reality for cultural heritage site towards
enjoyable informal learning aspect,” J. Teknol., vol. 77, no. 29, pp. 123—
129, 2015, doi: 10.11113/jt.v77.6847.

E. J. Baker, J. A. Abu Bakar, and A. N. Zulkifli, “A Conceptual Model
of Mobile Augmented Reality for Hearing Impaired Museum Visitors’
Engagement,” Int. J. Interact. Mob. Technol., vol. 14, no. 17, pp. 79-96,
2020, doi: 10.3991/ijim.v14i17.16649.

S. Nor, W. Shamsuddin, K. Awang, I. Ismail, N. A. Rawi, and M. M.
Amin, “A Conceptual Framework for Designing Mobile Augmented
Reality in Learning Basic Numbers,” World Appl. Sci. J., vol. 35, no. 7,
pp. 1048-1053, 2017, doi: 10.5829/idosi.wasj.2017.1048.1053.

X. Wang, C. P. J. M. Van Elzakker, and M. J. Kraak, “Conceptual
design of a mobile application for geography fieldwork learning,”
ISPRS Int. J. Geo-Information, vol. 6, no. 11, p. 355, 2017, doi:
https://doi.org/10.3390/ijgi6110355.

M. I. A. M. Filus and D. R. A. Rambli, “A Conceptual Design
Framework for Audio Based Interaction Technique in Mobile
Augmented Reality Games,” 1st Int. Conf. Futur. Trends Comput.
Commun. Technol., pp. 96-99, 2012.

S. Irshad, D. R. A. Rambli, and S. Sulaiman, “Design and
implementation of user experience model for augmented reality
systems,” ACM Int. Conf. Proceeding Ser., pp. 48-57, 2020, doi:
10.1145/3428690.3429169.

S. Stumpp, T. Knopf, and D. Michelis, “User experience design with
augmented reality (AR),” Proc. Eur. Conf. Innov. Entrep. ECIE, vol. 2,
no. December, pp. 1032-1040, 2019, doi: 10.34190/ECIE.19.019.

V. KrauB, F. Jasche, S. M. Samannshausen, T. Ludwig, and A. Boden,
“Research and Practice Recommendations for Mixed Reality Design —
Different Perspectives from the Community,” in VRST 2021 : Virtual
Reality ~Software and Technology, 2021, pp. 8-10, doi:
https://doi.org/10.1145/3489849.3489876.

581|Page

www.ijacsa.thesai.org



[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(1JACSA) International Journal of Advanced Computer Science and Applications,

K. J. Mach, M. D. Mastrandrea, P. T. Freeman, and C. B. Field,
“Unleashing expert judgment in assessment,” Glob. Environ. Chang.,
vol. 44, pp. 1-14, 2017.

D. Veen, D. Stoel, M. Zondervan-wijnenburg, and R. van de Schoot,
“Proposal for a five-step method to elicitexpert judgment,” J. Front.
Psychololgy, vol. 8, pp. 1-11, 2017.

E. Fernandez-Gomez, A. Martin-Salvador, T. Luque-Vara, M. A.
Sanchez-Ojeda, S. Navarro-Prado, and C. Enrique-Mirén, “Content
validation through expert judgement of an instrument on the nutritional
knowledge, beliefs, and habits of pregnant women,” Nutrients, vol. 12,
no. 4, 2020, doi: 10.3390/nu12041136.

S. Abdul Aziz, S. N. Abdul Salam, A. Abdul Mutalin, and S. Ismail,
“Validating an integrated multimedia presentation conceptual model
through expert reviews,” J. Telecommun. Electron. Comput. Eng., vol.
8, no. 8, pp. 161-163, 2016.

C. Kivunja, “Distinguishing between theory, theoretical framework, and
conceptual framework: A systematic review of lessons from the field,”
Int. J. High. Educ., vol. 7, no. 6, pp. 44-53, 2018, doi:
10.5430/ijhe.v7n6p44.

A. J. Wodehouse and W. J. Ion, “Information use in conceptual design:
Existing taxonomies and new approaches,” Int. J. Des., vol. 4, no. 3, pp.
53-65, 2010.

D. K. Pace, “Ideas about simulation conceptual model development,”
Johns Hopkins APL Tech. Dig. (Applied Phys. Lab., vol. 21, no. 3, pp.
327-336, 2000.

V. Sharma and A. K. Tiwari, “A Study on User Interface and User
Experience Designs and its Tools,” World J. Res. Rev., vol. 12, no. 6,
pp. 41-44, 2021.

M. A. T. Pratama and A. T. Cahyadi, “Effect of User Interface and User
Experience on Application Sales,” IOP Conf. Ser. Mater. Sci. Eng., vol.
879, p. 879 012133, 2020.

A. Berni and Y. Borgianni, “From the definition of user experience to a
framework to classify its applications in design,” Proc. Des. Soc., vol. 1,
no. August, pp. 1627-1636, 2021, doi: 10.1017/pds.2021.424.

T. Papadopoulos, K. Evangelidis, T. H. Kaskalis, G. Evangelidis, and S.
Sylaiou, “Interactions in augmented and mixed reality: An overview,”
Appl. Sci., vol. 11, no. 18, 2021, doi: 10.3390/app11188752.

M. Zarour and M. Alharbi, “User experience framework that combines
aspects, dimensions, and measurement methods,” Cogent Eng., vol. 4,
no. 1, 2017, doi: 10.1080/23311916.2017.1421006.

[73]

[74]

[75]

[76]

(771

(78]

[79]

(80]

(81]

(82]

(83]

Vol. 13, No. 10, 2022

F. Abdullah, A. Abd. Jamil, and M. R. Abdul Razak, “Discussion of the
AR Design Principles for Mobile Augmented Reality Games,” Int. J.
Acad. Res. Bus. Soc. Sci., vol. 11, no. 8, pp. 375-380, 2021, doi:
10.6007/ijarbss/v11-i8/10738.

Y. Ghazwani and S. Smith, “Interaction in Augmented Reality:
Challenges to Enahance User Experience,” Int. Conf. Virtual Augment.
Real. Simulations, pp. 39-44, 2020.

S. Liang, “Design principles of augmented reality focusing on the ageing
population,” Proc. 30th Int. BCS Hum. Comput. Interact. Conf., vol. 30,
pp. 1-7, 2016.

T. Liao, “Future directions for mobile augmented reality research:
Understanding relationships between augmented reality users, nonusers,
content, devices, and industry,” Mob. Media Commun., vol. 7, no. 1, pp.
131-149, 2019, doi: 10.1177/2050157918792438.

S. Krings, E. Yigitbas, I. Jovanovikj, S. Sauer, and G. Engels,
“Development framework for context-aware augmented reality
applications,” EICS 2020 - 12th ACM SIG CHI Symp. Eng. Interact.
Comput. Syst. Proc., 2020, doi: 10.1145/3393672.3398640.

Y. Sun, Q. Guo, S. Zhao, K. Chandran, and G. Fathima, “Context-
Aware Augmented Reality Using Human-Computer Interaction
Models,” J. Control Decis. loT-based Enterp. Manag. Futur. era, p. 24,
2022, doi: https://doi.org/10.1080/23307706.2022.2026260.

J. Grubert, T. Langlotz, S. Zollmann, and H. Regenbrecht, “Towards
pervasive augmented reality: Context-awareness in augmented reality,”
IEEE Trans. Vis. Comput. Graph., vol. 23, no. 6, pp. 1706-1724, 2017,
doi: 10.1109/TVCG.2016.2543720.

H. Makinen, E. Haavisto, S. Havola, and J.-M. Koivisto, “User
experiences of virtual reality technologies for healthcare in learning: an
integrative review,” Behav. Inf. Technol., vol. 41, no. 1, pp. 1-17, 2020,
doi: 10.1080/0144929X.2020.1788162.

M. Minge and M. Thiiring, “Hedonic and pragmatic halo effects at early
stages of User Experience,” Int. J. Hum. Comput. Stud., vol. 109, no.
June 2016, pp. 13-25, 2018, doi: 10.1016/j.ijhcs.2017.07.007.

S. Triberti, A. Chirico, G. La Rocca, and G. Riva, “Developing
emotional design: Emotions as cognitive processes and their role in the
design of interactive technologies,” Front. Psychol., vol. 8, no. OCT, p.
1773, 2017, doi: 10.3389/fpsyg.2017.01773.

J. Dumas and J. Sorce, “Expert reviews: how many experts is enough?,”
Proc. Hum. Factors Ergon. Soc., vol. 1, no. October 1995, pp. 228-232,
1995, doi: 10.1177/154193129503900402.

582 |Page

www.ijacsa.thesai.org



