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ABSTRACT 
 
Recently, museums and historic sites have begun reaching out beyond their traditional audience groups, 

using more innovative digital display technology to find and attract a new audience. Virtual, mixed, and 
Augmented Reality (AR) technologies are becoming more ubiquitous in our society and “virtual history” 

exhibits are starting to be available to the public. There are numerous studies focusing on AR, however a 

scant amount of research is being done at historical sites. An initial experiment used repeated measures 

(ANOVA) to compare and rank three different types of AR devices used at a site of cultural heritage. A 

further experiment was then undertaken to observe participants using two different AR devices with and 

without sound to determine if which device used or the presence of sound impact the usability of the device, 

or the user’s satisfaction/preference of specific devices. Several surveys, including demographic and 

usability surveys, were provided in order to collect a range of user data. A two-way repeated measures 

(ANOVA) were used to analyze the quantitative data gathered. No significant effects were observed based 

on the quantitative data provided by the surveys, indicating that all devices were equally usable and 

satisfactory, and that sound did not have a significant impact in this instance. However, the qualitative 

data indicated that users may prefer using AR technology on a smartphone device and preferred to use this 
device paired with sound. 
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1. INTRODUCTION 
 
Recently, museums and historic sites have begun reaching out beyond their traditional audience 

groups, using more innovative digital display technology to find and attract new visitors. Virtual, 

Mixed and Augmented Reality (AR) technologies are becoming more ubiquitous in our society 
and “virtual history” exhibits are starting to be available to the public. 

 

Most personal mobile devices are now capable of combining the worlds of the virtual and the 
real. A range of AR technology has been changing how the users of these devices view the world, 

and more devices are constantly being developed. Using a mobile device, a pair of enhanced 

glasses, or a headset, a user can have their field of view integrated with virtual elements in real 

time. In the past, AR systems such as the Google Glass have been reported to have failed to make 
a significant impact on society [1]. However, research has shown that many current studies lack 

information on market factors, which in turn impacts the reported success of AR headwear. The 

current situation is that AR is having a significant impact in many fields, such as gaming, 
education, entertainment, healthcare, and even historical sites [2].  

https://airccse.org/journal/ijma_current22.html
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AR devices can be used to provide contextual information about historic sites, such as historical 
views of structures, details of past events, or insights into how people lived. Augmented Reality 

(AR) and/or Virtual Reality (VR) technology provides a relatively new, and efficient, mode for 

communicating historical information to visitors to a cultural site [3, 4].  

 
While phrases such as “bringing history to life” are commonly applied to AR technology used in 

these contexts, the standard practice of juxtaposing physical artifacts or objects with virtual 

imagery may not always function as intended, or express the meanings intended by the media 
creators.  

 

This paper will introduce research that has investigated the use of a range of AR technology in 
cultural heritage application areas. This paper will describe the results of multiple experiments 

undertaken at a historic fort in upstate New York, to assess the effect of AR technology (in 

particular the use of audio) on visitors to the historic site. 

 

2. AUGMENTED REALITY 
 

In recent years, AR has become an emerging disruptive technology, or a device that greatly alters 

how consumers function with technology.  
 

AR technology is available in multiple formats. Head Mounted Displays (HMDs) commonly 

include video overlay on a non-transparent display, or video overlay on a transparent display [5]. 

Modern HMDs for use with an AR display are often the size and shape of sunglasses, with a 
small device on one of the lenses to project images. Many of these devices allow the user to issue 

voice commands to control the device, allowing users to check social media updates, time, make 

calls/texts, take pictures, and even show Google Maps [6].  
 

Handheld displays are also used for AR, the most common of these being the ubiquitous 

smartphone. Handheld AR utilises the smartphone’s built-in camera to provide augmentations as 
a window for AR to overlay real world objects. From Pokémon Go, to Mario Kart Live: Home 

Circuit, the entertainment industry has pushed handheld AR devices into the consumer arena. In 

these games users can drive AR cars around their living room on their Nintendo Switch or even 

catch Pokemon as they walk around the city streets [7].  
 

Due to the current COVID-19 pandemic, AR has been identified as a major tool that will have a 

significant impact in a range of important fields [8]. For example, in educational environments, 
AR can also provide an immersive learning experience for those who are practicing distance 

learning, or it can be used to create animated books to engage learners [9, 10]. AR has also 

already made a major contribution to the health industry, where it’s being used to simulate 

surgery for prospective doctors [11, 12].  
 

2.1. History of Augmented Reality (AR) 

 
The term “Augmented Reality” came from Tom Caudell and David Mizell in their early writing 

on head mounted displays [13]. These researchers showed that AR can provide some advantages 

over the more widespread Virtual Reality (VR) displays. These advantages include a reduction in 
price, since there isn’t a need for as much processing power to create the digital images in the 

headset displays [14].  

 

Early examples of AR relied on purely visual displays. In 1995, researchers added audio to an 
AR display for the first time. This prototype AR display used both audio and visual elements to 

act as a early version of an AR tour guide within a museum. The main disadvantage at the time 
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was that the audio would play in a loop, rather than skip to relevant audio that the user needed 
[15].  

 

One of the first full definitions of AR appears in 1997, where AR is described as bringing virtual, 

digital elements into the real world, interacting in real time, and displayed in three dimensions. At 
the time researchers also highlighted that there was a large gap in development in AR compared 

to more extensive work on VR system [16]. 

 
Around the same time, AR would move from being stationary to mobile. The first portable AR 

system, developed in 1997, consisted of a wearable AR backpack which allowed a user to move 

around and interact with digital objects located in the real world. This early device had several 
problems, which included a hard to read display and lack of precision in the tracking. Despite 

these issues, the first mobile AR test system was regarded as a significant advancement in the 

field [17].  

 
Multi-user platforms have played a significant role in AR history. One of the first collaborative 

creations involved an AR system in which two users can interact and play games [18]. Other 

collaborative applications included education tools, for example a system where learners 
collaborate on mathematical geometry problems. Although experimental work demonstrated that 

these systems reduced the learning curve for the students involved, hand-eye coordination due to 

imprecise tracking was often still an issue [19]. 
 

Research involving cell phones as AR devices didn’t start until the beginning of the 21st century. 

Pioneering work from a number of researchers highlighted the importance of phones in the future 

of AR [20, 21]. Most of the early work involved marker-based AR, where the optical camera on 
the cell phone was used to optically track markers in the real world and generate digital content 

render in 3D at that location. This work led to design guidelines for future applications of AR, 

specifically the many smartphone AR apps that exist today [20,21]. 
 

2.2. Benefits of Augmented Reality 

 

In modern times, AR has seen widespread implementation in a range of application areas. AR 
technology has moved from backpacks and heavy head mounted displays, to glasses and 

smartphones. 

 
AR technology has also allowed users to express themselves in new ways. A recent study 

examined creativity, narrative skill, and story length of young subjects. It was observed that the 

experimental group, using AR, had better scores on every variable tested. This shows the benefit 
of not only technology, but more specifically AR for expressive purpose [22]. There have also 

been a number of interesting discoveries surrounding the creative design process. Research 

findings have shown a relationship between creativity and learning, where a wide range of 

learners felt that AR was easier to use [23].  
 

Emotion is also be influenced by AR technology. One study on emotional intelligence found that 

AR could make subjects more active and therefore create a better sense of emotional wellbeing. 
This research used Pokemon Go, an application that rewards users for being active [24]. While 

not every AR technology will provide this, it’s good to note they have the ability to push users to 

be emotionally and physically sound. Another study focused on the role emotions play when 
using AR in learning exercises. This research demonstrated that positive emotions can be 

supported when learning and can help to provide a basis for making learning enjoyable [25].  

 



The International Journal of Multimedia & Its Applications (IJMA) Vol.14, No. 2, April 2022 

4 

Recent advancements within the field of AR technology have also shown benefits for those who 
need therapy, for example, providing a basis for the treatment of animal phobia or claustrophobia. 

The researchers found that those who scored well on the Behavioral Avoidance Test (BAT) 

benefited from AR phobia treatment. While both VR and AR aversion therapy treatments weren’t 

as effective as current in-person practices, the technique shows great benefits in its application 
[26, 27]. Another interesting study on phantom limb pain found AR technology to be a very 

valuable tool to assist those missing limbs. Not only did the AR treatment provide significant 

pain release, but it also aided in lessening the amount of pain felt by subjects [28] 
 

The marketing field has also become interested in AR, recently testing AR as a tool for marketing 

research. When subjects used AR applications, the overall attitude toward a brand remained 
positive. Other findings include that brand attitude is often associated with the quality of the 

virtual content [29].  

 

Online services have also applied AR methods to increase market share. Studies of AR based 
online services have demonstrated that with AR technology, decision making is improved, it 

outperformed other modeling methods, users felt comfortable, and better personalization was 

provided [30]. 
 

3. PREVIOUS WORK AUGMENTING THE VISITOR EXPERIENCE 
 

Over the last few decades, the use of AR and VR has become increasingly popular within the 

tourism sector, as an attempt to introduce more immersive experiences for visitors [31]. Since the 
majority of modern travellers own a smartphone, this is a simple, yet effective, way to enhance 

the visitor experience [32]. AR technology can provide significantly more information to the 

tourist, than if only visual aids (signage) were used [31].  
 

Moreover, a mobile AR application, being highly portable, can function as a tourist guide that 

delivers relevant information upon request, thus minimizing information overload and irrelevant 
information [33]. AR applications can allow tourists to experience simulations of historical 

events, places, and objects by rendering them in real time over their view of the real world 

(mediated through a smartphone screen). These AR systems can also present text, video, audio, 

features of interest, and even relevant comments from previous visitors [34]. 
 

Multiple studies have demonstrated an overall positive effect on the visitor experience when 

utilising AR applications. Furthermore, research also suggests that there may be a significant 
difference in AR satisfaction based on whether or not the user (tourist) is more willing to take 

risks and engage in exploration, and the willingness to try new products and experiences [31, 35]. 

With the ability to augment a user’s real-world surroundings, AR has been considered to have 

significant potential for the tourism industry as a value-added enhancement. The use of AR 
devices has the potential to create the next generation of computer tourist guide [32]. 

 

3.1. Early Augmentation in Museums 
 

An early form of technology used to augment the visitor experience was the audio guide. From 

early cassette tapes to digital systems, these audio devices experienced widespread use in 
museums around the world. Some modern versions include location sensing technology or RFID 

tags, to ensure relevant audio is played as the visitor approaches each exhibit [36].  

 
Recently, there has been a shift from audio augmentation (personal audio guides) to visual 

(multimedia) augmentation using AR technologies in museums. Museums have repeatedly 
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reported increased engagement with these more immersive and interactive experiences. Most 
museums believe that the visitor experience is enhanced by giving patrons access to information 

that is far beyond the current display panels and exhibits [37]. 

 

Over 30 years ago, head mounted devices were proposed as a way to present a virtual museum to 
the user. It was envisaged that the usage of such a system would allow users to move throughout 

the virtual museum in a similar manner to how they would move through a physical museum 

[38]. 
 

This theoretical type of virtual museum was patented in 2009. The VR system described in this 

patent details the specifics of a VR system that could be used in museums, connecting virtual 
representations of pieces of art to data sets that would inform the users of specific pieces of 

information (text, video, audio, etc.) associated with each piece of artwork [39]. 

 

3.2. Benefits of Augmentation in Museums 
 

For the museum, an AR approach can allow visitors to interact with displayed objects in an 
intuitive, hands-on, personalised way [40]. Museums also provide a broad experimental user 

base, with visitors coming from a range of backgrounds with varied demographics [41]. 

 

Studies have demonstrated that using AR technology to enhance user interaction, providing 
sound/video to augment the standard images and visual displays in museums, can entertain and 

interest users, while maintaining a low cost entry threshold for museums with restricted budgets 

[42]. 
 

The integration of audio, video, text, pop up screens, accessed through AR technology, can also 

enhance the user’s learning. The technology effectively allows users to access several different 
learning styles and approaches, combining the virtual with the physical [43].  

 

Other research has shown that users found it easier to view and understand artworks in a physical 

museum when using smartphone-based AR technology. In particular, users reported that they had 
accessed more information about the exhibits compared to an audio tour. This study 

demonstrated that using a mobile AR system allowed the users to selectively access information 

about specific parts of the artwork that they had questions about. Whereas this task was deemed 
more difficult to complete using an audio tour [44]. 

 

One of the main perceived benefits of AR systems in museum settings is the increase in the user’s 

interest in the museum exhibits. Studies have shown that in addition to being an efficient method 
of transferring information about a piece of art, AR can be used to make the exhibits feel more 

interactive. AR systems often allow the user to feel as if they were metaphorically stepping 

within the artwork or exhibit [45]. 
 

Studies which have focused on the use of AR enabled smart glasses within a museum for visitor 

use have found that though these glasses are a major advancement, the technology still not ready 
for full adoption. Users reported that they are comfortable with this form of technology and enjoy 

using them. However, smart glasses are still a relatively new technology and still do not quite 

provide a seamless blend of virtual and real-world elements. Although, most users agree that 

smart AR glasses technology has great potential for future applications [46, 47]. 
 

 

 
 



The International Journal of Multimedia & Its Applications (IJMA) Vol.14, No. 2, April 2022 

6 

4. CULTURAL HERITAGE 
 
Historical sites exist all over the United States, with a total of just over 2,600 locations [48]. 

These locations are maintained as a place of learning about the history of the United States. 

Tourists and visitors are able to learn about artifacts, architecture, and buildings of the local area. 

In the past, learning at these sites was often in the form of booklets, maps, and even oral 
explanations delivered by tour guides. These traditional dissemination methods have been shown 

to have the potential to disinterest visitors [49]. Multimedia media tour guides, often involving 

AR technology, are being introduced in many sites as a solution to improve visitor engagement. 
 

4.1. Fort Ontario 
 
Fort Ontario is a historic American fort situated in the City of Oswego in Oswego County, New 

York. It is administered by the NYS Office of Parks, Recreation and Historic Preservation and 

operated as Fort Ontario State Historic Site. Fort Ontario is located on the east side of the mouth 
of the Oswego River on high ground overlooking Lake Ontario (Figure 1). 

 

Fort Ontario is one of several forts erected by the British to protect the mouth of the Oswego 

River and water route to NYC. The original Fort Ontario was erected in 1755, during the French 
and Indian War in order to bolster defenses already in place at Fort Oswego on the opposite side 

of the river. At that time it was also known as the "Fort of the Six Nations," but the fort was 

destroyed by French forces during the Battle of Fort Oswego in 1756 and rebuilt by British forces 
in 1759 [50]. 

 

During World War II, Fort Ontario was home to approximately 1000 Jewish refugees, from 
August 1944 to February 1946. The Fort Ontario Emergency Refugee Shelter was the only 

attempt by the United States to shelter Jewish refugees during the war [50].  

The restored fort is open to the public as a state historic site. It was listed on the National Register 

of Historic Places in 1970 [51]. 
 

 
 

Figure 1.  Fort Ontario, Oswego, New York 

 

4.2. Augmenting Cultural Heritage Sites 
 

There is a general feeling among the cultural heritage community that AR can add value to 
existing historical experiences, allowing visitors to explore unfamiliar environments in an 

enjoyable and exciting way [52]. Experience with these systems in cultural heritage sites all over 
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the world has repeatedly demonstrated that AR visualisations can provide additional insights 
when applied in cultural heritage settings [31, 41]. 

 

AR technologies create a new visitor experience that is very different from traditional print media 

or audio. For historical sites this means that visitors no longer need to rely on audio guides, 
pamphlets, posters, or signs, they can experience the same information through an interactive and 

engaging medium [53]. 

 
‘Heritage Tourism’ is a rapidly growing tourism sector. Heritage tourism is largely fueled by its 

economic benefits, however cultural heritage tourism also produces many other benefits, such as 

rekindling traditional arts and crafts, revitalizing cultures through reviving dying customs, and 
increasing demand for local arts, leading to a preservation of culture [54]. The expansion of the 

internet allowed tourists to plan individual experiences when visiting cultural heritage sites [32]. 

 

4.3. Previous Work Augmenting Fort Ontario 
 

In a similar manner to the AR systems and applications described in the previous sections, a 
number of AR systems have been developed and tested at the Fort Ontario historic site in 

Oswego, New York (Figure 2). Developed in partnership between the State University of New 

York and Fort Ontario, these applications are intended to allow visitors to reconstruct historic 

artifacts within the historic site without actually physically interfering with the space or the 
artifacts itself [3].  

 

The AR application development had a focus on the quality of the content as well as personalized 
content. Based on previous research this should enhance the experience that visitors have at Fort 

Ontario, and increase the interest levels of visitors in history and location. The aim was to 

generate a higher rated visitor experience and increase recommendations from visitors to new 
visitors, leading to higher visitor traffic for the site. 

 

The results of the preliminary experiments with AR technology undertaken at Fort Ontario has 

been previously published. This work stands apart from much of the previous work examining 
the use of AR systems at cultural heritage sites as it takes a distinctly User Experience (UX) 

approach to the technology, focusing on the perceived usability of the AR systems [3]. 

 

 
 

Figure 2.  An AR Application Being Used at Fort Ontario 
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5. EXPERIMENT 1 
 
The purpose of this study is to observe AR devices for use at historical sites. In understanding a 

user’s reactions to different device types, historical sites can better educate, engage, and immerse 

their community about their past. There are several key aspects this study aims to understand, 

which first includes comprehending which values users are looking for in an AR device. 
Secondly this study looks to highlight which elements an AR device would need to be useful at a 

historical site. Through implementing three different AR devices with the use of media from Fort 

Ontario State Historic Site, these observations were made possible. 
 

5.1. Participants 
 
Due to the COVID-19 epidemic, and the resulting quarantines, isolations, and social distancing 

guidelines that were to be observed in order to ensure public safety, the experimental procedure 

had to take these restrictions into account. This produced a limited grouping in which allowed 
subjects to participate in the experimental sessions within a safe environment.  

 

There were six participants in this experiment, with the age range being from 18 to 59. The 

minimum education was an Associates Degree, the highest being a Master's Degree, and majority 
had a Bachelor's Degree. The participants in this study also had a varying level of visual acuity, 

ranging from non-perfect vision to naturally perfect vision. 

 

5.2. Materials 
 

The materials required to perform this experiment were limited, but each experimental setup was 
complex. Three different devices were tested:   

 

Smartphone: The first device was a mobile phone, that was used in unison with Artivive, an AR 
application that can animate pictures and art [3]. This application was used to show parts of Fort 

Ontario State Historic Site as they looked in the 18th and 19th century compared to how they look 

today. 
 

Vuzix Blade: The second device used was a Vuzix Blade AR headset. This device allowed the 

user to see through the transparent lens while also projecting an image onto the lens of the 

glasses. This enables the user to see both the real world that is physically in front of them and 
digital imagery being projected onto the lens at the same time. The Vuzix Blade can be used with 

a smartphone which acts as a remote control. The Vuzix Blade is not compatible with the 

Artivive application, small videos of historical views were provided.  
 

AR Glasses: The third device was a set of AR Glasses, these consisted of a plastic frame, a strap 

that wraps around the back of the user’s head, and an insertion of piece of plastic that utilizes a 

mirror effect. A phone was placed into the frame, facing the mirrored plastic, allowing whatever 
is being displayed on the screen of the phone to be viewed by the user in a semi-translucent visor 

via the mirrored plastic. In this experimental setup, the mobile device will be displaying a 

slideshow of images and videos for the subjects to view, obtained from the Artivive application. 
 

For all of these experimental setups, a common source of information was being displayed to the 

subjects. The information was orientated around a self guided tour of parts of Fort Ontario, that 
combined pictures, videos, slideshows, and visual information about the historic site. 
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5.3. Measurements 
 

In order to understand the differences between each device being tested, a one-way, within-

subjects, Analysis of Variance (ANOVA) was conducted. The analysis was undertaken using 
SPSS Statistical software. Measurements were taken from a questionnaire and exit survey, which 

included both qualitative and quantitative data. The questionnaire, named the Post-Study System 

Usability Questionnaire (PSSUQ) was adapted to fit the AR devices being used in this study [55].  
This form of data collection and analysis allowed the comparison of different types of AR 

devices to one another. The exit survey was created to understand how well these AR devices 

would function and be received at Fort Ontario State Historic Site. The exit survey consisted of 

15 questions, with four being in the form of a likert scale, and two multiple choice. The rest were 
open-ended in order to better understand the perspectives of subjects. In every case that a Likert 

scale was used, a lower number indicated a higher satisfaction score. 

 

5.4. Procedures 
 

All experimental participants were provided with information regarding the purpose of the 
research and a quick overview of the actions they will be undertaking. Some basic, anonymous, 

demographic information was collected.  

 
All participants subjects started with the smartphone based Artivive system, in order to set up a 

baseline for the experiment. A self guided tour booklet with information on Fort Ontario State 

Historic Site as well as information on the interactive Artivive system was provided.  
 

The second and third experimental tasks (Vuzix Blade or AR Glasses) were selected randomly. 

The subjects then repeated the tour with each specific AR device. After using each experimental 

AR device participants completed a questionnaire. At the end of the experiment, the exit survey 
was conducted. 

 

5.5. Results 
 

A one way repeated measures ANOVA was conducted to compare the subject’s satisfaction when 

using the three different AR devices. Results showed a significant effect of the specific device on 
the subject's satisfaction [F(2,10)= 17.437, p= 0.003].  

 
A Tukey’s Honestly Significant Difference (HSD) test showed that the subject’s satisfaction 
when using the mobile device had a significantly lower mean than the subject’s satisfaction when 

using the AR Glasses (p=0.12) and that the subject’s satisfaction when using the Vuzix Blade had 

a significantly lower mean than the subject's satisfaction when using the AR Glasses (p=0.03). 
The subject’s satisfaction when using the mobile device did not differ significantly from the 

subject's satisfaction when using the Vuzix Blade (see Figure 3). 

 
A trend that occurred in the qualitative aspect of the gathering of the results was the mention of 

the need of a different controlling function for the Vuzix Blade. Many subjects mentioned issues 

with understanding how to use the touchscreen that is built into to the device. Participants noted 

that the device would be easier to use if it had an external controlling device, or could be 
controlled via verbal commands/verbal confirmation. Additionally, subjects indicated that they 

would enjoy the Vuzix Blade much more if the functions of the mobile device were present in the 

Vuzix Blade. Primarily, participants stated that the Vuzix Blade was a device that had a lot of 
potential, but that their familiarity with mobile devicesmade this modality easier to use. 
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Figure 3.  Chart of Average Satisfaction by Device 

 

5.6. Discussion 
 
This research is some of the first UX focused work undertaken to examine the use of AR devices 

at historical sites. While retention of information was not measured durinf this experiment, all 

subjects claimed AR would be useful to improve learning at historical sites. From both 
quantitative and qualitative data gathered it is clear that the mobile phone, and Vuzix Blade were 

the most enjoyed modalities. This is likely partially due to the fact that the AR Glasses were more 

difficult to control while maintaining focus on the material. 

 
Factors surrounding previous failures in AR may have also been demonstrated in this experiment. 

Qualitative data showed that while the Vuzix Blade was a unique and innovative experience, it 

wasn’t as easy to use as the mobile phone. Additionally, several participants highlighted the fact 
that the lack of additional information was an issue. These could relate to previous findings in 

marketing applications of AR, where problems were identified due to the lack of common 

features with which the participants were already familiar [47]. 
 

It must be noted that both the mobile device and the Vuzix Blade scored extremely well on the 

assessed usability scale. Therefore, not only did the subjects not have significant problems with 

the mobile device or the Vuzix blade, but that they enjoyed using those devices for the purpose of 
AR historical learning. This expresses that subjects are excited to continue using this type of 

technology, at least in historical settings, but perhaps also in other ways.  

 
Due to the statistically different satisfaction levels between the devices it's clear that there is a 

future for AR technology, if it is designed properly and easy to use. Ample evidence shows a 

preference toward devices with on-board controls, such as the mobile phone and the touch-bar of 
the Vuzix Blade.  

 

The exit survey served as a gauge for understanding the needs of the user group, both with AR 

technology in general and in the specific setting of an educational historical site. The information 
gathered indicated that the primary concern with the Vuzix Blade was the hurdle of 

understanding how to control the device. Mentions of the use of an external controlling device or 

an audio controlled device indicated that the subjects felt as though they did not know what 
effects their actions would have on the device. This state of unpredictability seemingly made the 

device less appealing to them. Additionally, the subjects made notes of the wish that the Vuzix 

Blade had functionality that was more similar to the functions of the mobile device, such as not 

requiring a specific command in order to begin the picture effects.  
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Participants also registered a desire to have the Vuzix Blade interact more directly with the 
environment, by sensing the image that was in front of it and playing the corresponding video in 

a way similar to Artivive. This shows that the subjects wanted the device to be able to interact 

with the world and to be able to function on its own, without requiring them to initiate every 

command.  
 

The last concern with the Vuzix Blade was that the device sometimes required subjects to not use 

personal eyeglasses with the device because of a lack of comfort or fear of their personal 
eyeglasses breaking. This indicates that while the functions of the Vuzix Blade are overall 

accepted and enjoyed, the design of the device itself needs to be adapted in order to make it more 

usable by individuals with visual impairments.  
 

Interestingly, a number of participants mentioned that they would like the AR functionality tied 

into their personal eyeglasses. Many of the subjects indicated that if the options that were 

presented to them via a headset or mobile application were accessible in their everyday 
clothing/equipment, they would be much more likely to take advantage of the technology.  

It should be noted that the majority of the issues indicated in the qualitative section of this 

analysis focused on the Vuzix Blade device, many times comparing it to the functions and 
usability of the mobile device. It is suspected that this is not because the Vuzix Blade is 

significantly worse than the mobile device, but simply because the Vuzix Blade has similar 

functions as the mobile device. Participants saw these two modalities as similar and were able to 
discuss the differences.  

 

It is also predicted that there is little mention of the AR Glasses during this section of the exit 

survey not because users did not have complaints about the AR Glasses, but instead that the AR 
Glasses were often disregarded by the subjects as a viable device for this task. 

 

6. EXPERIMENT 2 
 
Due to the COVID-19 pandemic many historical sites are unavailable to the public. In this 

experiment attention was focused on the use of audio integrated with AR devices at historical 

sites. This experiment allowed the observation of a range of audio media combined with AR 

devices to provide guidance on how to improve a remote user experience. In order to analyse this, 
measurements on satisfaction, usability, and qualitative information provided by participants was 

collected. 

 

6.1. Participants 
 

Due to COVID-19, social distancing and safety guidelines were observed and of the utmost 
importance for this project, to insure the wellbeing of participants. Due to this restriction a 

limited sample size was used in order to better keep track of the devices and make sure that they 

are cleaned properly between participants.  
 

This study had seven participants between the ages of 18 and 45. Five of the seven participants 

had used the Vuzix Blade and Artivive on a mobile phone in the previous study. The minimum 

education level was a High School diploma, and the most advanced was a Master’s Degree. 
There was also a divergent amount of visual acuity with three out of seven of the participants 

having some amount of defective vision. 
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6.2. Materials 
 

A limited amount of equipment was needed to perform this experiment. This included two AR 

devices (a smartphone and a Vuzix Blade AR headset), as well as a workbook, and a set of videos 
(both with and without sound).  

 

This experiment relied on users interacting with media that showed parts of the Fort Ontario State 
Historic Site as it looked in the 18th and 19th century compared to how it looks today. Each photo 

or video was provided with a description, either verbally or through text. The experiment also 

utilised the Fort Ontarion self-guided tour to orientate the users around places of interest at Fort 

Ontario. 
 

6.3. Measurements 
 

A two-way repeated measures Analysis of Variance or ANOVA was generated to understand the 

differences between subject responses. In order to do this SPSS statistical software was used.  

The questionnaires used in this experiment were again derived from the Post Post-Study System 
Usability Questionnaire (PSSUQ) that was modified for AR device assessment [55]. There were 

a total of 20 questions designed to show preferences between devices with and without audio. An 

exit survey was also utilized, containing 15 questions, both in the form of a likert scale and open 
ended questions. 

 

6.4. Procedure 
 

At the beginning of the study, all participants signed an informed consent form which included a 

brief description of the study they were about to undertake. Some basic demographic information 
was then collected.  

 

Devices were assigned to each participant in a random order, either Vuzix Blade or mobile phone 
in order to decrease confounding factors.  

 

Depending on the device there was a different experimental introduction. Participants were either 

told how to use the Vuzix Blade and use it’s touch bar, or with the mobile device, they were 
shown how to use the Artivive application. After beginning the study, users were asked to spend 

five minutes exploring the information about Fort Ontario using each device. 

 

6.5. Procedure 
 

A two way within-subjects ANOVA was conducted to compare the subject’s satisfaction when 
using the different AR devices with sound and without sound. Results showed no significant 

effect of the specific device on the subject's satisfaction [ p> 0.05]. However, the quantitative and 

qualitative data provided still offers a significant amount of information to be analyzed, despite 
not being statistically significant.  
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Figure 4.  Responses to the Different Devices. 

 

 
 

Figure 5.  Measures of Satisfaction (Presence of Sound). 

 
In the graph shown in Figure 1, Device 1 represents Vuzix Blade and Device 2 represents the 
phone. This illustrates the difference in the responses to the devices, showing that participants 

gave the phone (2) higher scores overall than they gave the Vuzix Blade (1).  

 
As is observable, the satisfaction with the device increased when the phone was being used rather 

than when the Vuzix Blade was being used, however that was not a statistically significant 

increase.  

 
Figure 2 illustrates that there was no significant difference between participant’s scores for 

usability and satisfaction when using devices with sound or devices without sound.  

 
 Presence of Sound 1 represents the scores provided for the tasks in which sounds were not used, 

and the Presence of Sound 2 represents the scores for the tasks that were performed with sound. 

As can be seen, there is very little difference between the two scores, however both scores rate 
very highly for user satisfaction.  
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Figure 6.  Posterior Distribution with Outlier. 
 

 
 

Figure 7.  Posterior Distribution without Outlier. 

 
It is also notable that there was an outlier observed when comparisons were made between the 

Vuzix Blade without sound condition and the Vuzix Blade with sound condition. Of the 6 

participants who used both the Vuzix Blade with and without sound, there was only one 
individual who scored the Vuzix Blade with sound worse than the Vuzix Blade without sound. 

For this purpose, two charts have been created, Figure 6 which includes the outlier participant 

and Figure 7, which does not include the outlier participant.  

 
It can be observed that there is a notable difference between the scores for Vuzix without sound 

and Vuzix with sound, this is accentuated when the outlier is removed from the analysis.  

 
In terms of qualitative analysis, every user had the opportunity to provide additional comments at 

the end of every post-experiment survey they took. These comments were collected, analyzed, 

and separated into “positive” comments, “neutral” comments, or “negative” comments based on 
observation. These metrics counting how many positive, neutral, or negative comments were 
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received regarding a certain task were used in the qualitative analysis to provide another outlook 
on how the users perceived the devices.  

 

 
 

Figure 8.  Positive/Negative Comments (Device). 

 

 
 

Figure 9.  Positive/Negative Comments (Sound). 

 

Figure 8 shows the amount of positive, neutral, and negative comments regardless of whether that 

device included sound or not.  
 

There is a clear difference between the amount of positive responses received and the amount of 

negative responses received between the two devices. These findings are purely observational.  
Figure 9 shows the amount of positive, neutral and negative responses provided based on device 

with and without sound.  

 

There is even a greater disparity between these two conditions than there was in Figure 8, 
showing that the comments regarding devices that included sound were much more positive than 

the devices that did not include sound. It is also worth noting that in the “No sound” condition, 

there were more negative comments than there were positive comments.  
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Figure 10.  Positive/Negative Comments (Device/Sound). 

 

Figure 10 takes the same data that was used to create both Figure 8 and Figure 9, and breaks 
down the comments, allowing for a more detailed analysis.  

 

Some factors of this figure are worth noting, such as the fact that the “Phone with Sound” 

condition had only positive comments, no neutral or negative comments. Additionally, on the 
opposite end of the scale, “Vuzix without Sound” had no positive comments, with all of the 

comments about that condition being either neutral or negative, with the negative comments 

outnumbering the neutral comments. 
 

6.6. Discussion 
 
This experiment continues an important investigation into the use of AR technology at historical 

sites. There was no statistical significance across any of the comparisons between the mobile 

phone and Vuzix Blade. One possible explanation is that there are no characteristics in either 
device that were superior to the other. For example, most participants found using the Vuzix 

Blade to be novel and fun, while the phone was simply familiar to the user and fit their mental 

model, but both were enjoyable experiences. Previous research has shown that perception 
positively affected satisfaction [56]. Hence, the intimate familiarity with the phone and it’s 

functions could be one reason why users enjoy using the device.  

 

Work on retail experience may also shed light on the insignificance between devices. Research 
demonstrate that AR gives users the ability to perform tasks better while being entertained [57]. 

This would be reasonable as the majority of participants responded to the Vuzix Blade and 

mobile phone in this way. While being fun to use, the Vuzix Blade received many comments 
about it’s bulkiness and physical form. The mobile phone, on the other hand, had higher 

responses on ease of use. 

  
Figures 4 and 5 are clear visual indicators of how usable participants felt each device was, and 

also their opinions on the presence of sound in the different tasks they performed. Figure 5 

demonstrates that participant scores for the no sound condition and the sound condition were very 

similar to one another. This indicates that the addition of sound may not in fact have that much of 
an effect on their overall approval of a specific device. 

  

Figure 4 however, highlights that users seemed to prefer the phone over the Vuzix Blade, but not 
enough for it to constitute a significant difference. This indicates that there is a need for a re-

testing this scenario with larger sample sizes, but also indicates that perhaps if the novel device 

being used was more similar to a mobile phone, users may be more approving of the device.  
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Figures 8, 9, and 10 present different results than the data shown in Figures 4 and 5. This may be 
due to the fact that Figures 8, 9, and 10 were based on qualitative data focusing more on user 

preference rather than the quantitative data that was presented in the first two figures, which 

emphasized usability of the devices.  

 
Figure 8 indicated that users found the phone to be a preferable device to be used, with the 

positive responses to the phone outnumbering both its own negative response and the positive 

responses to the Vuzix Blade. Additionally it is worth noting that the Vuzix Blade had as many 
positive responses as it did negative responses.  

 

Figure 9 highlights different aspects of the results observed in Figure 5. In Figure 5, it was shown 
that the inclusion of sound did not have much effect on the eventual outcome of the usability of 

the device. Whereas in Figure 9, it can be seen that the tasks that featured sound had many more 

positive comments on them, surpassing both its own negative comments and the positive 

comments of the devices that did have sound. This data suggests that perhaps users saw the 
inclusion of sound can make a significant difference.  

 

Figure 10 illustrates more specific details that can be read from the data. For example, the fact 
that “Phone with Sound” received only positive feedback indicates that the participants preferred 

this condition to every other condition, seeing as every other condition had at least one negative 

comment. On the other end of the spectrum, “Vuzix without Sound” received no positive 
comments, and the negative comments outnumbered the neutral comments. This indicates that 

while there were no significant differences in usability, there may be significant differences in 

preference, which would need more in-depth research to be fully explored. One last notable point 

is the fact that the “Vuzix Blade with sound” had more positive comments and fewer negative 
comments than the “Phone without sound”, however still stated that they would generally prefer 

the phone over using the Vuzix Blade. This draws questions about whether the inclusion of audio 

is enough to counter the familiarity and ease of use when being compared to a device such as the 
mobile phone.  

 

The potential issues with each device were highlighted mostly by short responses in the exit 

survey. Sixty seven percent of the participants claimed that mobile phones would be the best 
device for use at historical sites. The other thirty three percent said the Vuzix Blade would bring 

an immersive and new approach. When asked about features that participants would like to see, 

almost every comment was related to the Vuzix Blade. At the qualitative level it is clear that 
Vuzix Blade lacks some features that would allow users to enjoy it in everyday life but they are 

interested in using it. As for the phone, qualitatively and quantitatively it scored well with almost 

perfect scores and positive responses, again perhaps mainly due to familiarity.  
 

7. CONCLUSIONS 
 

Investigating the development of AR technology, and being aware of current developments in the 

field, it is clear to see that there is a great possibility in increasing understanding historical sites. 
AR is becoming a major technology that will eventually change society, through both handheld 

and wearable technology. The introduction of AR technology could provide communities with an 

immersive and interactive way to learn more about where they live. comments. 
 

The experiment allowed AR to be observed and this demonstrated the potential for the future use 

of AR at historical sites. This should allow future research to be conducted in a comprehensive 

and well-grounded manner. In particular, this study provided an investigation of three AR devices 
for use at major historical sites, as well as measuring satisfaction differences in their 
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characteristics. Due to COVID-19 subject sample size in this experiment was limited, but 
significance of a difference in satisfaction metrics when comparing devices was found.  

 

Depending on the device, the tasks observed in this experiment were slightly different, but all 

had the same premise. The mobile phone tasks instructed each user to utilize the Artivive 
application to scan images within the self-guided tour provided on the laptop. Once scanned, the 

image on the mobile device would change, turning into a video that would slideshow through a 

variety of images, usually showcasing older locations from the fort, related to the original image 
scanned.  

 

The Vuzix Blade tasks caused each user to move through videos that were taken from Artivive. 
They could then read more about Fort Ontario State Historic Site from the self-guided tour.  

Due to the simpler nature of the AR Glasses device, and since the user was not able to interact 

with the screen during the test, the researchers compiled the videos that were used in other 

portions of this research into one extended video compatible with the AR glasses. This allowed 
the transfer of information from device to user, without worrying about the user being unable to 

directly interact with the screen and having direct control over the video progression. 

  
After each section of the test (Artivive, Vuzix Blade, and AR Glasses), the subjects answered 

questions about how they felt about that specific device (both the enjoyability and the usability of 

the device). At the end, the subjects were asked a variety of questions about the future potential 
applications of this type of technology at historic sites, as well as any issues they experienced 

during the testing. 

 

This experiment demonstrated that static AR devices like the AR Glasses were found to be 
unsatisfactory. However, the Vuzix Blade AR device was observed by the participants to be 

enjoyable, innovative, and fun. The difference observed here may be due to the ability to 

physically interact with the Vuzix blade and phone.  
 

The results of this experiment also provided an understanding of AR and sound use at historical 

sites. Through splitting devices between use with and without sound, notable differences could be 

observed (Figure 10). Having an audio guide, in addition to the AR technology, was clearly 
something that users enjoyed (Figure 9).  

 

Since the COVID-19 pandemic is still a relevant and serious threat, the sample size was limited. 
No statistical significance was found, however there were interesting conclusions that could be 

drawn from the qualitative data. 

 

7.1. Experimental Limitations 
 

The most obvious hindrance to this research was linked to the COVID-19 pandemic. The 
participant pool for this experiment was kept small, which resulted in a relatively low sample 

size.  

 
A limitation of the low sample size was that generalization was almost non-existent. The small, 

local population had similar educational, demographics, and familiarity with AR technology. The 

only major difference in the population sample was in terms of age, which may allow for an 

understanding of a broader age range who visit Fort Ontario State Historic Site.  
 

The AR devices also had a number of limitations, mostly pertaining to the Artivive application 

not being compatible with the headset devices. The Vuzix Blade was unable to download the 
application and the AR Glasses device would not be able to scan the image required to initiate the 
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slideshow. Due to these limitations, in the case of the Vuzix Blade, small videos of each 
interactive photo were used for subjects to view, along with the self guided tour. The biggest 

obstacle outside of this, was that the touch-bar caused subjects to need time to adapt their vision. 

The AR Glasses had a phone placed within the device, this provided with a compiled video of the 

same videos on the Vuzix Blade. Since each device was slightly different, any comparison is not 
ideal. 

 

In the second experiment undertaken, the high scoring on the questionnaire for the smartphone 
was close to causing a ceiling effect. This makes it difficult to discriminate if sound had as 

significant of an impact as it did for the Vuzix Blade.  

 
Additionally, a small sample size was a major limitation, a larger participant group would allow 

for a deeper analysis of the data collected. This can be easily observed in Figures 6 and 7, where 

one user supplying an outlier response can cause a significant change in the graphs that represent 

the general opinion towards two different conditions. This sampling size issue was due to 
limitations brought on by the current COVID-19 pandemic.  

 

Another limitation that occurred in the second experiment was in regard to the shortcomings of 
the technology used. Both devices in this experiment had been used in a previous study, with 

only audio being added as an additional factor for analysis. A wider range of devices, differing on 

price ranges, capabilities, and novelty may provide more insight into what is responsible for the 
user preferences for specific devices, or more importantly, what is preventing a preference for 

specific devices. 

 

7.2. Future Work 
 

In future, any options for expanding the participant pool would improve the significance and 
veracity of the results drawn from the data. Random sampling of a range of demographics that 

reflect the diverse population of visitors to Fort Ontario would be of enormous benefit to any 

future work. 

 
Future work should also look into the possibilities of increasing the number of AR devices being 

tested. Additionally, adding more modalities may also prove to be beneficial. 

 
In addition to adding modalities, future research could also increasingly utilize the immersive 

possibilities of mobile devices. In this study the mobile device was seemingly the favorite among 

the AR technology tested. Expanding the capabilities available will allow the already enjoyable 

experience to be improved. This could allow historical sites to provide the learning experiences 
for their community.  

 

Following the example of other well established research on museums and related areas may 
address some of the issues observed in this research. For instance, in a recent study undertaken at 

a cultural heritage site, AR was found to be useful when combined with an application offering a 

variety of media; user control; location guide, participation questions, and several other unique 
characteristics. The application used in this research utilized different types of media which users 

found useful [58]. 

 

Past work on the integration of AR and audio involved mobile devices incorporating natural 
sound. During a period of rapid growth of AR technology over the past decade sound has been 

integrated into both mobile and headset devices [59, 60]. While this research greatly aided the use 

of AR technology at historical sites, there is much to learn about which specific technology 
would be most beneficial for educational purposes. 
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Participants in the second experiment specifically noted the lighting, and that using a single eye 
for the Vuzix Blade was difficult at times. The continued use of AR headsets may need to be 

stationary rather than designed for a seamless mobile experience. This is due to AR devices not 

being able to exist in a way that works so perfectly with our other senses at present.  

 
Additionally, smartphone devices can continue to be explored as they were found to be enjoyable 

as an AR device in this particular setting. It should also be noted that additional modalities could 

be an answer to improvement, as sound alone didn't show significant differences between devices 
to mark it as important.  

 

There is very much a reason to believe AR can play a large role at historical sites in order to 
provide an immersive experience for any local community to learn about where they live.  

 

REFERENCES 
 
[1] C. Yoon (2018) “Assumptions that led to the failure of Google Glass”, NYC-Design. 

[2] P. A. Rauschnabel (2018) “Virtually enhancing the real world with holograms: An exploration of 

expected gratifications of using augmented reality smart glasses”, Psychology & Marketing, 35(8), 

557-572. 

[3] D. Schofield, T. Johnson, D. Hufnal, P. Chapagain, S. Colletta, and P. Lear (2021) “Augmenting 

cultural experience : Evaluating the use of augmented reality technology to enhance the visitor 

experience at a historic site”,  Journal of Studies in Social Sciences and Humanities 7 (2) 129-145 

[4] D. Ivancic, D. Schofield, and L. Dethridge (2013) “The effects of perspective and presentation: User 

experience in a virtual art gallery”, International Journal of Computer Research, 20(1) 53-77. 
[5] S. Sharples, S. Cobb, A. Moody, and J. R. Wilson (2008) “Virtual reality induced symptoms and 

effects (VRISE): Comparison of head mounted display (HMD)”, desktop and projection display 

systems. Displays, 29(2) 58-69.  

[6] Y. A. A. Pizarro, A. A. De Salles, S. Severo, J. L. Garzón, and S. M. R. Bueno (2014) “Specific 

Absorption Rate (SAR) in the head of Google glasses and Bluetooth user's”, In IEEE Latin-America 

Conference on Communications (LATINCOM), 1-6.  

[7] D. Wagner, T. Pintaric, F. Ledermann, and D. Schmalstieg (2005) “Towards massively multi-user 

augmented reality on handheld devices”, In International Conference on Pervasive Computing, 

Springer, Berlin, Heidelberg, 208-219. 

[8] P. Walsh (2020) “Innovative Technology Is The Future Of Education”, Forbes, July. 

[9] P. Vate-U-Lan, (2012, July). An augmented reality 3d pop-up book: the development of a multimedia 

project for English language teaching. In IEEE International Conference on Multimedia and Expo 
(2012) 890-895. 

[10] J. L. Soler, J. Ferreira, M. Contero, and M. Alcañiz (2017) “The power of sight: using eye tracking to 

assess learning experience in virtual reality environments”, In Proceedings of INTED2017, 8684-

8689. 

[11] W. S. Khor, B. Baker, K. Amin, A. Chan, K. Patel, and J. Wong (2016) “Augmented and virtual 

reality in surgery - the digital surgical environment: applications, limitations and legal pitfalls”,  

Annals of Translational Medicine, 4(23). 

[12] J. Carmigniani, B. Furht, M. Anisetti, P. Ceravolo, E. Damiani, and M. Ivkovic (2011) “Augmented 

reality technologies, systems and applications. Multimedia Tools and Applications”, 51(1) 341-377.  

[13] T. P. Caudell, and D. W. Mizell (1992) “Augmented reality: an application of heads-up display 

technology to manual manufacturing processes”, In Proceedings of the Twenty-Fifth Hawaii 
International Conference on System Sciences, IEEE, Vol. 2 659-669. 

[14] Q. M. Bui, T. N. Le, V. T. Nguyen, M. T. Tran, and A. D. Duong (2012) “Applying fast planar object 

detection in multimedia augmentation for products with mobile devices”, In 4th International 

Conference on Intelligent Human-Machine Systems and Cybernetics, IEEE, Vol. 2 292-297. 

[15] B. B. Bederson (1995) “Audio augmented reality: a prototype automated tour guide”, In Conference 

Companion on Human Factors in Computing Systems, 210-211. 

[16] R. T. Azuma (1997) “A survey of augmented reality. Presence: Teleoperators and Virtual 

\Environments”, 6(4) 355-385. 



The International Journal of Multimedia & Its Applications (IJMA) Vol.14, No. 2, April 2022 

21 

[17] S. Feiner, B. MacIntyre, T. Höllerer, and A. Webster (1997) “A touring machine: Prototyping 3D 

mobile augmented reality systems for exploring the urban environment”, Personal Technologies, 1(4) 

208-217. 

[18] G. Reitmayr, and D. Schmalstieg (2021)” Mobile collaborative augmented reality”, In Proceedings 

IEEE and ACM International Symposium on Augmented Reality, 114-123. 
[19] H. Kaufmann, and D. Schmalstieg (2002) “Mathematics and geometry education with collaborative 

augmented reality”, In ACM SIGGRAPH 2002 Conference Abstracts and Applications, 37-41. 

[20] M. Mohring, C. Lessig, and O. Bimber (2004) “Video see-through AR on consumer cell-phones”, In 

Third IEEE and ACM International Symposium on Mixed and Augmented Reality, 252-253. 

[21] A. Henrysson, M. Billinghurst, and M. Ollila (2005) “Face to face collaborative AR on mobile 

phones”, In Fourth IEEE and ACM International Symposium on Mixed and Augmented Reality, 80-

89. 

[22] R. M. Yilmaz, and Y. Goktas, Y. (2017) “Using augmented reality technology in storytelling 

activities: examining elementary students’ narrative skill and creativity”, Virtual Reality, 21(2) 75-89. 

[23] T. Chandrasekera, and S. Y. Yoon (2018) “Augmented Reality, Virtual Reality and Their Effect 

onLearning Style in the Creative Design Process”, Design and Technology Education, 23(1). 

[24] A. Ruiz-Ariza, R. A. Casuso, S. Suarez-Manzano, and E. J. Martínez-López (2018) “Effect of 
augmented reality game Pokémon GO on cognitive performance and emotional intelligence in 

adolescent youth”, Computers and Education, 116 49-63. 

[25] J. M. Harley, E. G. Poitras, A. Jarrell, M. C. Duffy, and S. P. Lajoie, S. P. (2016) “Comparing virtual 

and location-based augmented reality mobile learning: emotions and learning outcomes”, Educational 

Technology Research and Development, 64(3), 359-388. 

[26] C. Suso-Ribera, J. Fernández-Álvarez, A. García-Palacios, H. G. Hoffman, J. Bretón-López, R. M. 

Banos, and C. Botella (2019) “Virtual reality, augmented reality, and in vivo exposure therapy: a 

preliminary comparison of treatment efficacy in small animal phobia”, Cyberpsychology, Behavior, 

and Social Networking, 22(1) 31-38. 

[27] C. F. Tsai, S. C. Yeh, Y. Huang, Z. Wu, J. Cui, and L. Zheng (2018) “The effect of augmented reality 

and virtual reality on inducing anxiety for exposure therapy: a comparison using heart rate 
variability”, Journal of Healthcare Engineering, 1-8. 

[28] D. Mouraux, E. Brassinne, S. Sobczak, A. Nonclercq, N. Warzée, P. S. Sizer, and B. Penelle (2019) 

“3D augmented reality mirror visual feedback therapy applied to the treatment of persistent, unilateral 

upper extremity neuropathic pain: a preliminary study”, Journal of Manual & Manipulative Therapy, 

25(3) , 137-143. 

[29] P. A. Rauschnabel, R. Felix, and C. Hinsch (2019) “Augmented reality marketing: How mobile AR-

apps can improve brands through inspiration”, Journal of Retailing and Consumer Services, 49 ,43-

53. 

[30] T. Hilken, K. de Ruyter, M. Chylinski, D. Mahr, and D. I. Keeling (2017) “Augmenting the eye of the 

beholder: exploring the strategic potential of augmented reality to enhance online service 

experiences”, Journal of the Academy of Marketing Science, 45(6), 884-905. 

[31] R. Yung, and C. Khoo-Lattimore (2019) “New realities: a systematic literature review on virtual 
reality and augmented reality in tourism research”, Current Issues in Tourism, 22(17) 2056-2081. 

[32] D. I. Han, M. C. Dieck, and T. Jung, T (2018) “User experience model for augmented reality 

applications in urban heritage tourism”, Journal of Heritage Tourism, 13(1) ,46-61. 

[33] C. D. Kounavis, A. E. Kasimati, and E. D. Zamani (2012) “Enhancing the Tourism Experience 

through Mobile Augmented Reality: Challenges and Prospects”, International Journal of Engineering 

Business Management, 4 ,10. 

[34] A. Tomiuc (2012) “Navigating Culture. Enhancing Visitor Museum Experience through Mobile 

Technologies. From Smartphone to Google Glass”, Journal of Media Research-Revista de Studii 

Media, 7(3:20) 33-46. 

[35] T. Jung, M. C. Dieck, H. Lee, and N. Chung, Effects of virtual reality and augmented reality on 

visitor experiences in museum. Information and Communication Technologies in Tourism, (2016) 
621-635. 

[36] C. Edwards (2013) “Better than Reality?”, Engineering and Technology, 8(4) 28-31. 

[37] K. D. Johnson, J. C. Díaz, and R. B. Pickering (2012) “Virtual Tours for Museum Exhibits. 

Proceedings of Electronic Visualisation and the Arts Conference”, (EVA 2012), London, UK, 100-

106. 



The International Journal of Multimedia & Its Applications (IJMA) Vol.14, No. 2, April 2022 

22 

[38] D. Tsichritzis and S. J. Gibbs (1991) “Virtual Museums and Virtual Realities”, In proceedings of the 

International Conference on Hypermedia and Interactivity in Museums, 17-25. 

[39] C. Lin-Hendel(2009) “System and method for constructing and displaying active virtual reality cyber 

malls, show rooms, galleries, stores, museums, and objects within”, (United States Patent No. 

US7574381B1). 
[40] S. A. Yoon and J. Wang (2014) “Making the invisible visible in science museums through augmented 

reality devices”, TechTrends, 58(1) 49-55.  

[41] A. Damala, P. Cubaud, A. Bationo, P. Houlier, and I. Marchal (2008) “Bridging the gap between the 

digital and the physical: design and evaluation of a mobile augmented reality guide for the museum 

visit”, Proceedings of the 3rd International Conference on Digital Interactive Media in Entertainment 

and Arts, ACM, 120 - 127. 

[42] S. Sylaiou, A. Karoulis, Y. Stavropoulos, and P. Patias, (2008) “Presence-Centered Assessment of 

Virtual Museums’ Technologies”, DESIDOC Journal of Library and Information Technology, 28(4), 

55–62. 

[43] M. T. Yang and W. C. Liao, W. C. (2014) “Computer-assisted culture learning in an online 

augmented reality environment based on free-hand gesture interaction” IEEE Transactions on 

Learning Technologies, 7(2) 107-117. 
[44] N. Ghouaiel, S. Garbaya, J. M. Cieutat, and J. P. Jessel (2017) “Mobile Augmented Reality in 

Museums: Towards Enhancing Visitor’s Learning Experience”, International Journal of Virtual 

Reality, 17(1) 21–31. 

[45] M. Ding (2017) “Augmented reality in museums, Museums & augmented reality–A collection of 

essays from the arts management and technology laboratory”, 1-15. 

[46] M. C. T. Dieck, T. Jung and D. Han (2016) “Mapping requirements for the wearable smart glasses 

augmented reality museum application”, Journal of Hospitality and Tourism Technology, 7(3) 230-

253. 

[47] P. A. Rauschnabel (2018) “Virtually enhancing the real world with holograms: An exploration of 

expected gratifications of using augmented reality smart glasses”, Psychology and Marketing, 35(8) 

557-572. 
[48] National Historic Landmarks Program (U.S. National Park Service). (2018, August 29). Retrieved 

July 8, 2020, from https://www.nps.gov/orgs/1582/index.htm 

[49] B. K. Seo, K. Kim, and J. I. Park (2010) “Augmented reality-based on-site tour guide: a study in 

Gyeongbokgung”, In Proceedings of Asian Conference on Computer Vision, Springer, Berlin, 

Heidelberg 276-285. 

[50] R. E. Bell, Fort Ontario, New York. On Point, 22(4) (2017) 46-49.  

[51] NRIS (National Register Information System), (2010) National Register of Historic Places. National 

Park Service. 

[52] F. Tscheu, and D. Buhalis (2016) “Augmented reality at cultural heritage sites”, Information and 

Communication Technologies in Tourism, 607-619. 

[53] T. Gjøsæter, Affordances in Mobile Augmented Reality Applications. International Journal of 

Interactive Mobile Technologies, 8(4) (2014) 45-55. 
[54] E. Cranmer, and T. Jung (2014) “Augmented reality (AR): Business models in urban cultural heritage 

tourist destinations”, Proceedings of APacCHRIE Conference, Malaysia, 21-24. 

[55] J. R. Lewis (1995) “IBM computer usability satisfaction questionnaires: psychometric evaluation and 

instructions for use”, International Journal of Human‐Computer Interaction, 7(1) 57-78. 

[56] N. Singh, S. Srivastava, and N. Sinha (2017) “Consumer preference and satisfaction of M-wallets: a 

study on North Indian consumers”, International Journal of Bank Marketing.  

[57] A. Poushineh, and A. Z. Vasquez-Parraga (2017) “Discernible impact of augmented reality on retail 

customer's experience, satisfaction and willingness to buy”, Journal of Retailing and Consumer 

Services, 34 229-234. 

[58] U. C. Pendit, S. B. Zaibon, and J. A. Bakar (2014) “Mobile augmented reality for enjoyable informal 

learning in cultural heritage site”, International Journal of Computer Applications, 92(14) 19-26. 
[59] A. Härmä, J. Jakka, M. Tikander, M. Karjalainen, T. Lokki, J. Hiipakka, and G. Lorho, (2004) 

“Augmented reality audio for mobile and wearable appliances”, Journal of the Audio Engineering 

Society, 52(6) 618-639. 

[60] S. H. Halili, (2019) “Technological advancements in education” 4.0. The Online Journal of Distance 

Education and e-Learning, 7(1) 63-69. 

 



The International Journal of Multimedia & Its Applications (IJMA) Vol.14, No. 2, April 2022 

23 

AUTHORS 
 
Benjamin Wilson recently completed a masters degree in Human-Computer Interaction from the State 

University of New York at Oswego. 

 
Joshua Hull recently completed a masters degree in Human-Computer Interaction from the State 

University of New York at Oswego. 

 
Damian Schofield is a full professor and director of the Human-Computer Interaction masters program at 

the State University of New York at Oswego 


	Abstract
	Recently, museums and historic sites have begun reaching out beyond their traditional audience groups, using more innovative digital display technology to find and attract a new audience. Virtual, mixed, and Augmented Reality (AR) technologies are bec...
	Keywords

