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Abstract—Many studies have begun to consider how to ensure a pleasant ex-

perience during visits to cultural heritage sites and museums. Although, when 

considering the populace of the visitors to these sites, the hearing impaired (HI) 

visitors which made up of a smaller percentage, have not been in the literature 

limelight as much as the normal hearing visitors. Thus, the hearing impaired tends 

to endure certain unpalatable experiences leading to dissatisfaction of their visits. 

Literature has shown that Mobile Augmented Reality (MAR) can improve the 

experiences of visitors to the museum in terms of engagement, enjoyment and 

learning. This is evident in a number of articles tailored towards normal hearing 

visitors. However, a recent study has taken into consideration the hearing--im-

paired visitors by identifying the engagement elements of MAR for the HI mu-

seum visitors. The identified elements include; aesthetics, interaction, interest, 

usability, satisfaction, motivation, curiosity, enjoyment, perceived control, self-

efficacy, and focused attention. This article thus takes a step further by introduc-

ing the MAR for the HI museum visitors’ engagement (MARHIME) conceptual 

model. These elements are derived from a review of literature which has been 

done comprehensively and are validated by a panel of experts. Altogether eleven 

elements went through the expert review process and only six elements were val-

idated to be used for the construction of the MARHIME model. This article also 

further grounds the justification of these selected six elements in relation to en-

gagement. Future work will include the development of the MARHIME proto-

type which will be used to validate the model among the hearing-impaired visi-

tors at a museum. 

Keywords—MARHIME Conceptual Model, Hearing Impaired, Mobile Aug-

mented Reality, Engagement, Museum.  

1 Introduction 

Augmented Reality (AR) is the superimposition of computer-generated information 

over the users’ view of the real physical environment, which generates an augmented 

environment [8]. Thus, an augmented environment can be defined as an environment 
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where physical objects are directly superimposed by computer-generated objects. AR 

is greatly impacting human interaction with computers with the propagation of MAR 

apps and providing support socially for various fields such as tourism, healthcare and 

education [62], [48], [58], [11], [12], [13] and [14]. Based on studies by [8], [21], [18], 

[20], [30], MAR apps have been applied in museums. The apps function as supplements 

to the typical paper-based information guides and brochures. MAR museum app is able 

to assist the museum to organize large group of visitors whenever the app is easy to use 

and learn and provide engaging and enjoyable experiences to them. 

There are few previous studies that have explored engagement factors on education 

platform such as [40]. Their study revolves around user engagement and the usage of a 

technological platform for education. Their study indicated that engagement comprises 

of four distinguishable phases namely point of engagement, a period of sustained en-

gagement, disengagement, and re-engagement. In fact, they identified nine attributes of 

user experience that influence users’ engagement on technology usage that include; 

challenge, endurability, positive effect, aesthetic and sensory appeal, perceived user 

control, attention, feedback, interactivity, and variety/novelty. However, their study 

mainly focused on normal hearing users and not HI users. Likewise, the technology 

referred in their study is not MAR which is why elements of MAR were not included. 

Besides, they did not consider museum environment, which is the major consideration 

of this study. As mentioned previously, the study of [40] never considered engagement 

and mobile AR factors however, these two were considered in a study by [47]. In the 

study, they identified eight factors that maximize the impact of users’ engagement for 

MAR game development that include; Clear Goals, Satisfaction, Focused Attention, 

Mixed Fantasy, Perceived Usability, Challenge, Interaction and Social. Their study fo-

cused on engagement and MAR and their target was normal hearing users and not HI 

users. In addition, their study did not explore issues on museum learning platform 

whereas the present study mainly focuses on the HI visitors’ engagement within the 

museum site. According to [26], several researchers are focusing on museum MAR 

apps that target visitors with normal hearing and less focus on the HI visitors. Thus, the 

present study is unique as it identifies the gaps of previous studies and starts to address 

the gaps. 

Studies by [3] and [4] investigated the elements of MAR for the HI museum visitors’ 

engagement. It introduces eleven elements that are required in designing an MAR app 

for HI visitors’ engagement at the museum based on the literatures from previous stud-

ies related to MAR and engagement. The elements comprise of Aesthetics [22], Curi-

osity [9], Usability [41] and [26, Interaction [27], Motivation [25], Satisfaction [1], 

Self-Efficacy [6] and [32], Perceived Control [9], Enjoyment [46] and [67], Focused 

Attention [40] and Interest [55]. This study selects and validates only the relevant and 

appropriate elements before proceeding to the next phase, which involves the construc-

tion of the MARHIME conceptual model. 

This paper is arranged as follows; Section II addresses the literature review, Section 

III introduces the elements of MAR engagement for HI while Section IV elaborates on 

the methodology for content validity (expert validation) of the elements. The findings 

from the validation are highlighted in Section V followed by discussion on the relation 
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of the resulting elements with engagement in Section VI. Section VII concludes this 

article. 

2 Review of Literature 

AR is an expanding field and it is part of Mixed Reality. [38] explained many mis-

understandings in terms of classification and definition of AR. In their study, classifi-

cation and definition of AR were based on a Reality-Virtuality Continuum as depicted 

in Figure 1. Based on Figure 1, on the left side of the continuum is the real environment 

where humans interact with actual and physical quantities while on the right side is the 

virtual environment, which is the computer-generated environment. The main differ-

ence between the real and virtual environments is that virtual environment consists of 

synthetic environment while real environment comprises of non-synthetic environment. 

Besides the two environments, there are two other different environments namely; Aug-

mented Reality and Augmented Virtuality (AV). AV incorporates real life into the vir-

tual environment [61] and [51]. Meanwhile, for AR, the virtual objects are incorporated 

into the real environment [24] and [50]. Based on this continuum, AR is gaining atten-

tion in recent years due to its nature [5]. 

 

Fig. 1. Reality-Virtuality Continuum [38] 

MAR is a type of AR, which enables uninterrupted users’ interaction with the aug-

mented environment. It enables users to move and freely interacting with the augmented 

environment while in focus in achieving the targeted goal. The same situation is aimed 

for the MAR app for the museum. Some studies in the museum MAR domains include 

models such as enjoyable informal learning MAR [45] which focuses on enjoyment and 

learning during the museum visits, mobile augmented reality tour (MART) [66] which 

contributes to context-awareness and artefacts’ information in the museum, and Tech 

Cool Tour [63], an Augmented 3D reconstruction, 3D virtual character, video, and 360 

degrees panorama of the heritage site. Other models include data flow and framework 

of AR-based on-site tour guide [57], Architecture of Sutoon-Hoo MAR [2], and Mo-

biAR, a mobile service platform for tourist information based on MAR [37]. 

Most of these aforementioned models focus on formal and informal learning how-

ever, little attention is given to users’ engagement [17]. Majority of the studies within 

the vast literature focus more on other engagement mobile apps for normal hearing 

people while less attention is given to engagement of mobile app for HI people. Like-

wise, the most used class is the mobile guide app because it provides detail information 
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and learning platform to users. Table 1 summarizes some studies that explore MAR 

apps for the HI people. Based on that table, MAR has been used for HI communication, 

teaching and learning purposes. For instance, studies by [39] and [16] show that MAR 

enhances speech narration and conversion into readable text which makes communica-

tion easier for the HI community. Similarly, studies by [44], [34] and [42] reflect the 

importance of MAR in learning for the HI people. These studies suggest that MAR can 

provide a unique platform for HI interaction and stimulating learning environment. 

Table 1.  MAR apps for the HI 

Researcher Description Remarks Features Variables 
Target Audi-

ence 
Domain 

[39] 

A communica-

tion system for 

the deaf, disa-
bled and ordi-

nary people to 

communicate 
with each 

other. 

ASRAR deliv-

ers the speech, 

converts it into 
readable text, 

and displays 

the text di-
rectly on the 

AR display. 

Automatic 
Speech 

Recognition 

(ASR) and 
Text-to-

Speech Syn-

thesis (TTS) 

Interest and 

Interaction 

Deaf and Dis-

abled 

Communica-

tion 

[16] 

iHeAR is an 

interactive 
system for HI 

and deaf. 

Use iPhone 
and iPad2 as 

the interaction 

and platform 
devices. 

Speech recog-

nition, and 
language mod-

eling 

Interaction 

and social ac-
ceptance (net-

working) 

HI and  
deaf 

Communica-
tion 

[42] 

Auras: Aug-

mented Real-
ity educational 

application. 

Mobile Aug-
mented Real-

ity (MAR) ap-

plication to fa-
cilitate Quick 

Response 

(QR) Codes in 
deaf children 

Quick Re-
sponse (QR) 

Codes, sign 

language, and 
3D.  

Engage, reten-
tion and learn 

Deaf 
Teaching and 
Learning 

[44] 
Learning op-
portunities for 

deaf students. 

Purpose of en-

hancement of 
an on-site field 

trip experi-
ence. 

2D barcode 

image and 
American 

Sign Lan-
guage (ASL). 

Enjoyment 
and satisfac-

tion 

Deaf Learning 

[34] 
Learning for 
HI students. 

In-class hear-

ing in assist-
ing HI and 

deaf students 

Mixed reality 

and non-ver-
bal communi-

cation. 

Engagement 
and Interest 

HI and Deaf Learning 

[43] 

A Google 

glass app for 
the deaf stu-

dents to en-

gage them in a 
classroom. 

A Google 

glass app that 

enables the 
deaf students 

to look at the 

QR code of an 
object in the 

classroom. 

Scan a QR 
code for an 

object and 

watch video. 

Engagement Deaf Learning 

 

Nevertheless, it is observed that there are limited studies on MAR in engaging the 

HI tourists. The issue of users’ engagement is a very important concept in museum 
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visitation because engagement enhances users’ entertainment, learning, and acceptabil-

ity, which have a direct influence on tourists’ experiences [28]. Therefore, this present 

study will focus on the conceptual model of MAR for the HI visitors’ engagement at 

the museum site. In view of this, the next section will examine the needs and issues that 

surround the HI people whereas specific reviews will be made on the nature and clas-

sification of HI, which will be used to guide this present study. 

3 Elements of Mar for Engagement of HI 

Mobile engagement defines the range of interaction among the MAR app and the 

user. This interaction is very important because it depicts the level of engagement. Ac-

cording to [36], the more persuasive the interaction, the more engaging the MAR ap-

plication is. Hence, it is imperative to consider the elements that will enhance persua-

sive interaction and engagement between the MAR application and its users. [54] men-

tion that mobile interaction takes place in four circumstances namely; the mobile app, 

the app content, third parties and assignment. The mobile app refers to the movable 

personalized electronic device while the app content means the information on the mo-

bile app. Third parties means the ability for the user to relate to the contents in the app 

as a different entity while the assignment means the tasks that are needed to be com-

pleted in order to stay connected with the third parties in the mobile app. 

The utilization of these four circumstances produces an emotional commitment and 

involvement interaction between the app and the user. This emotional commitment and 

involvement interaction define the engagement of the MAR app. However, the rationale 

to comprehend this engagement is a major issue with many MAR apps especially for 

the HI people. 

4 Methodology 

In determining the most suitable elements to be used in the construction of the 

MARHIME conceptual model, three steps were followed. The steps include; systematic 

literature review, focus group, and expert review. The details of the first step are dis-

cussed in detail by [4] and 20 MAR elements have been identified. Focus group being 

the second step is a series of carefully planned discussions designed to gain insights 

into the fields defined in the permissive and uncertain environment [33]. Focus group 

involved eleven participants including five HI students, three HI teachers, two counse-

lors and one museum staff and the participants’ profile is shown in Table 2. 
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Table 2.  Profile of the Focus Group Participants 

Participant Age Gender 
Level of Educa-

tion 
Field of work 

Experience 

(year) 

1 19 Male Secondary school Student - 

2 18 Male Secondary school Student - 

3 17 Male Primary school Student - 

4 16 Female Primary school Student - 

5 21 Male Secondary school Student - 

6 30 Male Primary school Museum Staff 5 

7 33 Female Degree Counselor 8 

8 35 Male Degree Counselor 12 

9 37 Female Degree Teacher 10 

10 45 Female Degree Teacher 17 

11 51 Male Degree Teacher 23 

 

The focus group session began with a brief presentation by the researcher with the 

help of a HI teacher. All the participants were explained about the 20 elements by 

providing detail descriptions of each element. They were allowed to ask any questions 

related to the elements. Then the participants were asked to fill out a form that has been 

prepared for the purpose of selecting the most appropriate MAR engagement elements. 

Table 3 and Figure 2 show the results of the focus group. Based on the results, the 

eleven selected elements have frequencies of ten or eleven "yes" responses and they 

are; Aesthetics, Usability, Motivation, Focused Attention, Perceived Control, Curiosity, 

Enjoyment, Self-efficacy, Interest, Satisfaction, and Interaction. 

Table 3.  Results of Focus Group 

No.  Elements Yes  No  

1 Aesthetics 11 0 

2 Novelty 2 9 

3 Usability 10 1 

4 Feedback 2 9 

5 Motivation 11 0 

6 Focused Attention 10 1 

7 Perceived Control 10 1 

8 Curiosity 10 1 

9 Enjoyment 11 0 

10 Social skill 1 10 

11 Self-efficacy 10 1 

12 Felt Involvement 2 9 

13 Endurability 3 8 

14 Interest 10 1 

15 Immersion 0 11 

16 Challenge 1 10 

17 Satisfaction 11 0 

18 Concentration 0 11 

19 Trust 2 9 

20 Interaction 10 1 
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Fig. 2. Results of Focus Group 

The third step involved two phases; expert review 1 and expert review 2. Eleven 

academic experts from the fields of AR, MAR, HI, Museum and Human Computer 

Interaction (HCI) from countries Malaysia, Australia, United States of America (USA) 

and Romania were involved. All the experts have more than five years of working ex-

perience and have PhD in their respective domain areas. Table 4 shows a brief summary 

of the experts involved in this step. 

Table 4.  Brief Summary of Experts 

Expert Country Field of Expertise Experience (year) Involvement stage(s) 

1 Malaysia Museum, HCI 18 Expert review 1 

2 Malaysia Museum, HCI 20 Expert review 1 

3 USA MAR, HI 11 Expert review 1 

4 Romania Museum, MAR 6 Expert review 1 

5 Malaysia MAR, AR 16 Expert review 1, 

Expert review 2 

6 Malaysia HI, HCI, Multimedia 14 Expert review 1 

7 Australia HCI 17 Expert review 1 

8 Malaysia HCI, Multimedia >5 Expert review 1, 
Expert review 2 

9 Malaysia Multimedia, HCI 15 Expert review 2 

10 Malaysia Multimedia 15 Expert review 2 

11 Malaysia Museum >5 Expert review 2 

 

[35], [59] and [65] have recommended three to ten experts for content validation 

(expert validation). In expert review 1, eight experts were involved. The experts were 

asked to fill out a form that has been prepared for the purpose of selecting the most 

0

2

4

6

8

10

12

Yes No
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appropriate MAR engagement elements among the eleven elements. A three-point scale 

was used to measure the level of relevance of the elements. The scale comprised of; 

Relevant (R), maybe not relevant (M), and Definitely not relevant (D). Since the experts 

were from different countries, the review forms were distributed through email and also 

hand-delivered. The forms were all collected back using the same method in which they 

were distributed. 

Expert review 2 involved altogether five experts. Two of the experts had already 

involved in expert review 1 and another three new academic experts were added to the 

team. A new review form was used in the expert review 2 and it consists of the elements 

that have been selected through expert review 1. The new forms were handed or emailed 

to all the experts. All the experts provided their responses and some of them provided 

recommendations in written format for expert review 2. 

5 Findings 

Table 5 and Figure 3 show the results of the focus group. Based on the results, the 

eleven selected elements have frequencies of ten or eleven "yes" responses and they 

are; Aesthetics, Usability, Motivation, Focused Attention, Perceived Control, Curiosity, 

Enjoyment, Self-efficacy, Interest, Satisfaction, and Interaction. 

Table 5.  Results of Focus Group 

No.  Elements Yes  No  

1 Aesthetics 11 0 

2 Novelty 2 9 

3 Usability 10 1 

4 Feedback 2 9 

5 Motivation 11 0 

6 Focused Attention 10 1 

7 Perceived Control 10 1 

8 Curiosity 10 1 

9 Enjoyment 11 0 

10 Social skill 1 10 

11 Self-efficacy 10 1 

12 Felt Involvement 2 9 

13 Endurability 3 8 

14 Interest 10 1 

15 Immersion 0 11 

16 Challenge 1 10 

17 Satisfaction 11 0 

18 Concentration 0 11 

19 Trust 2 9 

20 Interaction 10 1 
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Fig. 3. Results of Focus Group 

Table 6 and Figure 4 show the results of the expert review 1. As aforementioned, the 

requirement in selecting a suitable element for this study is based on all the experts in 

review 1 agreeing that the element is relevant. The results show that there are six ele-

ments in which all experts agreed that they are relevant and they are; Aesthetics, En-

joyment, Interaction, Motivation, Satisfaction and Usability. However, based on feed-

backs from the experts, the proposed items for all the relevant elements required refine-

ment and the refinements were made based in expert review 2. 

Table 6.  Results of Expert Review 1 

Element Relevant(R) Maybe not Relevant(M) Definitely not Relevant(D) 

Aesthetics 8 0 0 

Curiosity 7 1 0 

Usability 8 0 0 

Interaction 8 0 0 

Motivation 8 0 0 

Satisfaction 8 0 0 

Self-Efficacy 3 5 0 

Perceived Control 7 1 0 

Enjoyment 8 0 0 

Focused Attention 6 1 1 

Interest 7 1 0 

0

2

4

6

8

10

12

Yes No
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Fig. 4. Results of Expert Review 1 

After the refinements were made to the items for all the six elements, the expert 

review 2 forms were sent to five experts together with the conceptual model. Table 7 

shows the experts’ responses for expert review 2. Based on Table 7, the six elements 

for MAR for engaging HI museum visitors have 19 items, whereby Aesthetics has three 

items, Usability has three items, Interaction has three items, Motivation has three items, 

Satisfaction has three and Enjoyment has four items. 

Table 7.  Experts’ Responses in Expert Review 2 

Element Items Relevant (R) Maybe not Relevant (M) Definitely not Relevant (D) 

Aesthetics 

AES 1 5 0 0 

AES 2 5 0 0 

AES 3 5 0 0 

Usability 

USA 1 5 0 0 

USA 2 4 1 0 

USA 3 5 0 0 

Interaction 

INT 1 5 0 0 

INT 2 5 0 0 

INT 3 4 1 0 

Motivation 

MOT 1 4 1 0 

MOT 2 5 0 0 

MOT 3 5 0 0 

Satisfaction 

SAT 1 5 0 0 

SAT 2 4 1 0 

SAT 3 5 0 0 

Enjoyment 

ENJ 1 5 0 0 

ENJ 2 5 0 0 

ENJ 3 5 0 0 

ENJ 4 4 1 0 
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6 The MARHIME Conceptual Model 

Based on expert reviews findings, it has been suggested that the conceptual model 

consists of two layers. The first layer represents the six MAR elements namely; Aes-

thetics, Usability, Interaction, Motivation, Satisfaction and Enjoyment in relation to 

Engagement. The combination of these six elements of Engagement representing the 

first layer of the conceptual model of mobile augmented reality for HI museum visitors’ 

engagement (MARHIME) is shown in Figure 5. This conceptual model was verified by 

five experts who were involved in expert review 2 for all the elements and their respec-

tive items. The aim of conducting the expert review is to validate the conceptual model. 

In expert review 2, besides reviewing the elements, recommendations pertaining to the 

model were provided. The response from the experts was that they accepted the con-

ceptual model as suitable. 

The second layer is more on the technology and architecture of MARHIME consist-

ing of four main components namely; MAR, Museum, Engagement and HI. In this layer 

the technology is divided into two components. The first component is the hardware 

that is needed for developing the MAR consisting of mobile devices. The second com-

ponent is the software which includes; Vuforia, Unity3D, C++, Android SDK/Java 

SDK, Target Database, Target Tracking for AR marker and Multimedia Objects. The 

multimedia objects in this model consist of four elements; 3D model, text, video and 

images. The following subsection discusses each of the elements in the MARHIME 

conceptual model. 

 

Fig. 5. The MARHIME Conceptual Model 

 

Aesthetics 

Usability 

Interaction 

Motivation 

Satisfaction 

Enjoyment 

MAR 

Engagement 

Museum 

HI 

MARHIME 
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7 Discussion 

This study has shortlisted six elements of MAR that form the MARHIME conceptual 

model. This section discusses the relation of each element with engagement as depicted 

in Figure 5. The discussion reflects the relationship between the elements as expressed 

by the MARHIME conceptual Model. 

a) Satisfaction 

It describes satisfaction as fun moments with the app when the users met their ex-

pectations with the app. This finding corroborates the arguments by [31] and [19] where 

the element of satisfaction is found to be related to users’ engagement. 

b) Enjoyment 

It is the feeling of reaping benefits from the message conveyed by the app. Enjoy-

ment is linked with engagement in such a way that when users are experiencing enjoy-

ment and fun as a result of their interaction with the app, then the users’ engagement 

with the app will be increased. This result outcome supports the findings from [29] and 

[64] where it can be seen that when users experience enjoyment due to their interaction 

with an app then it will increase the users’ engagement with the app. 

c) Aesthetics 

It is a blend of art, beauty, and taste with MAR. In order to ensure that the users 

appreciate the message conveyed by the MAR app, theory of beauty is introduced. This 

element revolves around sight attraction and physical fascination which will compel 

users to continue to engage with the app. This finding is in line with [15] explanation 

on the linkage between aesthetics and engagement whereas the result outcomes from 

[60] and [10] support the fact that the element of aesthetics increases users’ engagement 

in app interaction. 

d) Motivation 

It is the ability for users to accompany task. This element shows that the app should 

encourage users’ participation in the app activities. It should fascinate users in accom-

panying their desired task and activities during their interaction with the app. This ar-

gument supports the conclusions from [49] and [7] studies where they pinpointed that 

a motivated app will increase users’ engagement during user-app interaction. 

e) Usability 

This element consists of ease of use, learnability and flexibility of MAR. Ease of use 

is a measure for appraising MAR app [52]. It entails app’s friendliness and content 

comprehension which represents the ease of use of engagement features within the app. 

Likewise, usability element promotes positive users’ experience during users’ interac-

tion with the app. This conclusion supports arguments from [23], [56] and [53] studies 
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that usability enhances the continuity usage of an app by the users and promote users’ 

engagement. 

f) Interaction 

It describes how the users and app are connected. It is important since interactive 

platform and app communication nature will promote users’ engagement. This element 

that link-up the users’ interest and competence are deeply rooted in the users’ feelings 

and sense-making on the mobile app. This is found to be in line with the outcomes from 

[60], which pointed out that interactive platform, enhances users’ engagement. 

8 Conclusion 

This study has finally selected six elements of MAR for the construction of the MAR 

for HI Museum Visitors’ Engagement (MARHIME) conceptual model. These elements 

comprise of; Aesthetics, Enjoyment, Interaction, Motivation, Satisfaction, and Usabil-

ity. These six elements and the all the items respectively consolidated the MARHIME 

conceptual model. This model can be used as a guide for MAR app designers in devel-

oping a MAR app for the hearing-impaired museum visits engagement. Thus, in the 

near future, this research will proceed in designing and developing the MARHIME app 

by incorporating all the selected engagement elements. 
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