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ABSTRACT

This paper presents an overview of the existing literature to
date regarding the usability testing of Mobile Augmented
Reality applications developed for cultural heritage. A
Systematic Literature Review was conducted with this
purpose. Four databases were interrogated with specific
keywords. Our of the 88 found research papers, only 31 met
the eligibility criteria to be included in this survey. Four
major usability testing methods were identified:
questionnaires, focus groups, user testing and interviews.
The questionnaire method was used in almost all of the
studies, and only a few of them combined more usability
testing methods. Nearly all papers targeted the outdoors use
centered on location-based augmented reality. The perceived
ease of use, usefulness and enjoyment were confirmed by a
majority of the papers. The ease of use was also correlated to
the ease of learning, as well as with the interest of using the
application. Cultural heritage is one of the domains that can
benefit greatly from the latest improvements in mobile
augmented reality technologies.
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overviews ¢« Human-centered computing~Human computer
interaction  (HCI)~Interaction = paradigms~Mixed /
augmented reality * Human-centered computing ~ Human
computer interaction (HCI) ~ HCI design and evaluation
methods ~ Usability testing

INTRODUCTION

This paper focuses on the usability testing of Mobile
Augmented Reality (MAR) when applied for cultural
heritage. In the past few years, cutting-edge technology has
developed tremendously in smartphones, making it more
approachable for all people. Along with this, application
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developers took advantage of this new fast-growing
applicable domain and started creating apps for almost
everything. Amongst those, Augmented Reality (AR) has
grown in the mobile applications area, having now the widest
audience ever. Together with application developers, cultural
institutions are benefiting from this technology growth by
trying to design and implement applications which support
the cultural heritage [3]. And what better technology to fit
their needs than AR? However, just having an app that seems
to fit your need does not mean that the people using it are
having the best user experience possible. Here, an important
aspect is represented by the usability of the app.

User Experience (UX) covers all aspects of the end-user’s
interaction with an application. In a proposed model by Lee
[23], UX is a combination of usability (perceived usefulness,
ease of use and enjoyment) and personal characteristics.
Considering this, the usability of an application will be high
if the users will find the app easy to use, efficient and
enjoyable.

Augmented Reality (AR)

Augmented Reality is a technology used to enhance the
context of the real world. It works by overlaying digital
representations on the objects from the physical world.
Doing so, it enriches the user’s perceptions on seeing,
hearing, and feeling. All of this can be accomplished with the
camera lens of a smartphone or tablet. A good AR design
makes the virtual and the physical world coexist
harmoniously, the user getting to perceive the overlaid AR
elements as being part of the physical world. There are four
different categories of AR technologies which are well
described by Vanessa Camilleri in [36], and all of them are
adaptable to different contexts:

Marker-based AR uses virtual markers that, when sensed by
the reader (e.g. the mobile phone’s camera), trigger a result.
This type of AR uses the image recognition technology, and
one of the simplest markers can be found in QR codes.

Markerless AR uses location-based technologies or GPS to
provide data based on the location of the mobile device. The
accelerometer embedded in smartphones provides the
location coordinates for the app and activates the AR data.
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This type of AR is mostly used in tourism and marketing
apps, as it makes use of the exact location and provides
information about the nearby attractions or places of interest.

Projection-based AR uses projected light by combining
cameras to 3D sensing systems (e.g. depth cameras) and
allowing digital displays to appear on any surface. This type
of AR has applications in operations, manufacturing, and
other fields. A popular example may be represented by the
projected images on buildings, usually at Christmas markets
at night.

The last type of AR is the superimposition-based AR. This
one replaces partially or wholly an existing object from the
real world with an augmented view of it. A famous example
of this technology being used is an application from IKEA,
with which customers can superimpose furniture from the
online retailer right in their homes, to see how it would look
like. Image recognition plays a vital role here, otherwise
there is nothing to be replaced.

AR has uses in entertainment, education, art, tourism, and
cultural heritage, as well as others. Today, the number of
smartphone users is around 3.5 billion [39], making Mobile
AR (MAR) more accessible than ever via social media apps,
gaming and others.

Cultural Heritage

According to Bill Ivey, Cultural Heritage (CH) “tells us
where we came from by preserving and presenting voices
from the past, grounding us in the linkages of family,
community, ethnicity, and nationality, giving us our creative
vocabulary” [35]. Cultural heritage can also be split in
tangible and intangible. Tangible CH refers to physical
artifacts, including artistic creations and other tangible
products that have a cultural importance. Intangible CH
refers to non-physical practices, expressions, knowledge,
artifacts and cultural spaces associated with communities,
groups and individuals [2]. Due to the paramount importance
of heritage, cultural institutions are safeguarding the world’s
art, culture, history and heritage for hundreds of years
already. With the new technologies of today and tomorrow,
this safeguarding mission may become easier, with an even
wider audience — a worldwide one. When the access to the
art and heritage of people’s past is restricted, understanding
human nature becomes more difficult. Digital technologies
and web-based communication platforms remove the
obstacles in disseminating knowledge and cultural heritage
to people.

Being already an advanced technology, AR is a great way to
meet the needs of cultural heritage. Using AR in the cultural
heritage context maximizes visitor’s satisfaction and offers a
unique, personalized experience to each tourist [29]. If the
user experience and the usability of the application are also
taken into consideration, it is even more accessible for the
cultural heritage to reach its goal of being noticed.

In this paper the taxonomy for culture is empirically linked
to cultural heritage, tourism, art, and museums, based on the
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surveyed papers and on the lack of a standard taxonomy for
this domain.

RELATED WORK

As AR started to develop in the cultural heritage field, there
are already literature reviews which aim to present the trends
in this domain.

Aliprantis et al. [3] surveyed in 2019 the trends in building
AR applications for the cultural heritage field. They divided
the different AR approaches into 8 categories: serious games,
personalization, AR reconstruction, projection display,
Semantics/Linked Open Data, cultural UX evaluation,
Context Awareness and digital storytelling. Considering the
amount of the various approaches, the authors assume that
the evaluation of the Cultural UX is one of the most active
fields in AR applications for cultural heritage, as institutions
constantly try to adapt to their visitor’s needs. Most of the
papers analyzed in this survey used the simplest evaluation
methods, as a short questionnaire, in order to obtain feedback
from the visitors. Another active field in AR applications for
cultural heritage is digital reconstruction. Recent works in
the cultural heritage field present multiple and different
techniques to virtually reconstruct cultural relics or
monuments and provide an immersive experience to their
users.

Bekele et al. [4] surveyed augmented, virtual, and mixed
reality from a cultural heritage perspective. On the AR topic,
the authors identified that AR applications in the cultural
heritage domain frequently use marked-based, markerless,
and hybrid tracking approaches. In a hybrid approach, the
camera of the device and electromagnetic, inertial, and
acoustic sensors are used. They categorize AR systems in
two types: indoor and outdoor AR. Indoor AR uses marker-
based tracking, and usually does not require the use of GPS.
Outdoor AR relies heavily on markerless and hybrid
tracking. They also classified the purpose of augmented,
virtual and mixed reality when used for cultural heritage:
Education aims at enabling users to learn the
historical aspects.

Exhibition enhancement at physical museums and
heritage sites.

Exploration supports users in visualizing and
exploring historical and current views of cultural
heritage.

Reconstruction enables users to picture and interact
with reconstructed historical views of cultural
heritage.

Virtual museums simulate and present cultural
heritage (both tangible and intangible) to the public.

The survey showed that AR is preferable for exhibition
enhancement.

Another survey presented the cultural heritage in markerless
AR [21]. The authors classify the AR techniques in two main
categories: vision-based AR and location-based AR. The
study summarizes the existing research on markerless AR,
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both for indoor and outdoor use. It also identifies four main
issues related to AR when used for cultural heritage. The first
concern is related to registration and it refers to the
compatibility of augmented objects with the real
environment. The second topic is reconstruction, which is a
construction of virtual objects in a way to replicate the
original building — this is usually done by using 3D scanning
techniques. The third issue refers to tracking, where a high
level of accuracy and a low level of latency are the key
requirements. The last challenge for markerless AR is the
location, which needs to be set up correctly.

None of the presented surveys are systematic, with a research
methodology hard to reproduce.

METHODOLOGY

In this study, a Systematic Literature Review was conducted
on usability, mobile AR and cultural heritage. Being
systematic, it aims to set up a search protocol, identify all
studies that would meet the eligibility criteria and present the
findings of the included studies [24]. The study aims to
answer the following research questions:

What kind of usability evaluation did researchers of
cultural heritage based mobile augmented reality
applications perform?

How do these types of applications perform? What
were the outcomes of the usability evaluation?

The interrogated databases were Web of Science, Scopus,
IEEE and Springer. The search was based on the logical
expression “mobile augmented reality” AND “cultural
heritage” AND (“user experience” OR “usability”). In all
four databases, the search was limited to papers published
between 2010 and 2020.

In total, 88 papers were found by searching with the above-
mentioned keywords. In order to be eligible to be included in
this survey, a study needed to meet the following criteria:

e  The field of study or the application mentioned in the
paper to have as a platform a mobile device (either
smartphone or tablet).

The published language of the study to be English.
At least one usability or user experience finding
regarding MAR used for cultural heritage.

The study area to be related to culture (here, we took
into consideration all of cultural heritage, art,
museums, historical sites, and tourism).

Out of the 88 found papers, 57 were excluded due to not
meeting one or more eligibility criteria described above, and 31
were kept for further analyzing. Out of the kept researches, 18
of them were found on Springer, 16 on Scopus, 13 on Web of
Science and only 2 in IEEE. Some of the studies were found in
more than one database.
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RESULTS

All the 31 kept papers have some factors in common, such as
the applied domain is cultural heritage, refers to a mobile AR
application and has a usability study.

In Table 1 a full comparison of the AR environment and AR
types from the surveyed papers is presented. For the
environment category, the applicability of the mobile
application was considered, as it was created to be used
indoors or outdoors. The other category refers to the AR type
used — here, the split is made between location-based (when
GPS and different sensors are used) and image-based (when
QR codes or 2D images are used). Out of the 31 studies, 3 of
them [10,27,33] considered indoors use and the AR was
based on images. In these cases, the user points the mobile
device towards a marker placed in a physical scene and an
associated image or painting is displayed on the
smartphone’s screen. Another study [37] considered indoors
use based on location. In this case, a 3D model of a fortified
church was virtually displayed on the screen after the
physical place was scanned by the sensors first. Another
study [13] offer application options for both indoor and
outdoor environments based on GPS and sensor tracking.
[31] presents different case-studies which employ both
indoor and outdoor environments, as well as AR based on
location and on images. [7] detects the user’s position by
using the compass and the accelerometer and when the Point
of Interest (POI) is closer than 5 meters, the system uses
image-based mode.

Table 1. A full comparison of AR environment and AR types in the

surveyedpapers
Based on location
Stud Environment (GPS,
y (Indoor/Outdoor) | sensor)/Based on

images (QR/2D)
[10,27,33] Indoor Based on images
[37] Indoor Based on location
[13] Both Based on location
[7,31] Both Both
[1,5,6,8,9,11,1
2,14—
20,22,23,25,26 | Outdoor Based on location
,28,30,32,34,3
6,38]

The other 24 studies relate to mobile applications for
outdoors, and all of them employ the location-based AR,
which uses GPS and sensors. What can be noticed here is that
outdoor applications are prevalent in cultural heritage, and
they all are markerless AR, based on location. A reason for
that might be, as stated in [13], that enjoyment is higher in
the outdoor settings due to the high level of relevance and
realism.
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Table 2. Usability testing methods empoloyed in the surveyed papers

C . . Focus User Interview
Application Questionnaire Group Testing
3DGuides platform [22], MobiAR [25] X X
ARAC Maps [10], 3 interfaces (map, list AR) [12], ArcHIVE X
4Any [19], Flaneur [15], Changdeokgung Palace [20] X
Carpano [33], Mobile AR guide for tourists [34], TowerAR [9],
Virtual/Augmented Gallery [27], Transit Assistant [18],
Finnish Outdoor museum [32], Ai Guang Zhan [8], SitCity
(proposed framework) [36], MixAR [1], "Deoksugung, in my
hands" and DublinAR [16,23], MAR app for Melaka Heritage x
Sites [38], OvidAR [6], MAR app to revive a demolished
Reformed Church in Bragov [5], The Historical Tour Guide
[14], 3D model of fortified church [37]
MAR  application geo-located and gamified [28§], X
Archaeological park [30], 2 apps: MTL Urban Museum and
MetaGuide [13], AR workshops [31]
Open City Museum [17] X X
Seraj [7], Millennia Road [26] X X X
KnossosAR [11] X X X

In terms of usability, four major testing methods were
identified: questionnaires, focus groups, user testing and
interviews. Questionnaires were mostly used after the users
interacted with the application on-site and frequently
included questions targeting the ease of use, the usefulness
of the application or the perceived enjoyment. Another
method of usability testing which was used only in one study
[11] is the focus group. The participants tested the
KnossosAR application in four focus groups of four
participants each in order to facilitate their live observation
by the app developers. Besides the focus group, a
questionnaire was also needed to express the overall quality
of experience and document any remarks. And finally, a
semi-structured interview followed the questionnaire, to
offer participants the opportunity to clarify any concerns and
suggest additional enhancements. The third usability testing
method is represented by user testing. This implies the
evaluation of the proposed application in terms of provided
functionality and design ease. In user testing, the participants
have to perform a set of tasks by using the application and
usually the time taken to perform them is measured. In [13],
a portable eye-tracking device was also used, as well as audio
recordings of verbal interactions between the user and the
guide. The last testing method is the interview, implying a
face-to-face discussion, either completely informal or semi-
structured between the users and the observers. In all
surveyed articles, the interview was used as a secondary
testing method.
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In Table 2 a comparison of the usability testing methods is
provided. At first glance, it can be noticed that the
questionnaire alone was the most used method in the
surveyed papers. In most of the studies, the users stated that
the application is easy to use and intuitive. They also
appreciate the clarity of the interface, the shape and colors of
the graphic elements. Several papers [5,6,11,13,14,16]
confirmed the enjoyment the users have while using the
mobile AR application. Some of those [5,6,11,26,38] also
obtained great results regarding the perceived usefulness of
the application. [14] even showed that both perceived
usefulness and perceived enjoyment had a strong positive
effect on the intention of using this type of application. Here,
the ease of use can also be a good predictor on the intention
to use the app. However, as noted by the authors, tourists
have a higher intention in using a mobile AR app for cultural
heritage than local residents, who do not feel the same need
in their hometown. Likewise, people want to use this type of
applications because they enjoy the experience, but also
because it helps them achieve some learning objective. Some
works as [26], [7] and [11] used three usability testing
methods, making their results even more reliable. In all three
studies the perceived usefulness, ease of use and enjoyment
were confirmed.

In certain studies the usability testing results mention in
addition the impact on learning. [34] correlated the ease of
use with the ease of learning and [31] suggest that mobile AR
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could be effective in learning processes as a complement to
conventional training. In [38], 94% out of 200 participants
preferred the mobile AR application compared to traditional
methods of learning. Also, a mobile AR app may increase
the users’ interest in learning about cultural heritage, as it
happened in [37].

A few of the usability downsizes included the high battery
consumption for cases in which the AR camera and the GPS
were working simultaneously [28]. In [1], the lack of
engagement when using the mobile AR app was linked to the
low screen resolutions that were set up to ensure a fair
exchange between the experience fluidity and the available
computational results. Also, the display in mobiles is prone
to outdoors light reflections which may cause additional
efforts for the visitors. In another study [26], 11 out of 30
participants felt that keeping their heads down to watch the
smartphone disconnects them and prevents them from
enjoying the surroundings, and five of them found it was “too
heavy” to hold the smartphone up while interacting with the
guide. In one more study [10] the users said the menu handle
was too small — a minor usability flaw which was corrected
after the feedback session. Another missing feature was an
interactive tutorial when first starting the app [7,34].
Research in [11] showed that users preferred images, audio
and narration to textual information, as they claimed it
distracted their attention when looking at the POI itself.
Furthermore, map environments overcrowded with POIs are
restricting the usability [18], as the users are often required
to tap on several markers only to be able to locate a particular
POIL. In the KnossosAR application [11], the authors
addressed the occlusion challenge which is usually met in
location-based AR applications. They created an efficient
method for estimating the field of view of the user, so the
POIs would not be obstructed by physical obstacles
anymore.

As per gender differences in usability for such mobile
applications, [8] found no significant disparities.
Nevertheless, [34] found that females rated the experience
with AR more satisfying and the interaction better and more
intuitive than males.

In [27], 24 out of the 25 study participants expressed their
desire to see this type of technology adopted by museums.

DISCUSSION

The intention of this study was to survey the research in
usability testing of mobile AR applications in the cultural
heritage field.

There are some limitations to the study that need to be
considered. Firstly, only four databases were interrogated,
with a specific set of keywords. Future researches could
include other relevant databases, such as ACM. Using
different keywords might have yielded different results.
Considering this, there may be research papers on the subject
which are not indexed in the searched databases. Secondly,
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as a taxonomy for cultural heritage was not found, studies
from related fields were included empirically (e.g. tourism,
art etc.).

The study hopes to shed a light on the overall user experience
of mobile AR applications for cultural heritage. AR has
become a great way in helping to preserve, document and
explore cultural heritage by bringing people pieces of the
past in an interactive and engaging manner. Most of the
surveyed papers addressed the usability of their applications
via questionnaires. However, only a few studies employed
more usability testing methods, especially those which are
strictly targeting the interface layout (e.g. eye-tracking
devices). Moreover, nearly all the papers referred to outdoor
use and location-based AR, as outdoors AR may offer a more
natural experience, and being location-based, it offers more
accurate results, as sensors and GPS do not rely on lighting
conditions.

CONCLUSIONS

This paper evaluated the research in usability testing of
mobile AR applications for cultural heritage. With the aim to
be a systematic literature review study, four databases (IEEE,
Scopus, Web of Science and Springer) were interrogated by
using specific logical expressions. The search found 88
papers, out of which only 31 met the eligibility criteria
described in Methodology. All maintained papers have some
elements in common, such as the applied domain which is
cultural heritage, and they also refer to a mobile AR
application and have a usability study.

Findings revealed that 86% of the papers (without
considering the 3 studies which used both types of AR
[7,13,31]) referred to outdoor use and location-based AR, as
outdoors AR may offer a more natural experience, and being
location-based, it offers more accurate results. Only a few
studies (14%) targeted the indoors use and were based solely
on 2D image recognition.

Moreover, the results showed that most of the applications
created were easy to use, intuitive and the study participants
enjoyed using them. Also, users appreciate a clear and simple
interface. The ease to use the application has a strong impact
on the intention to use it. In the same way, the easier to use
the mobile AR application is, the easier it is for the user to
learn about the content presented. In one study, females rated
the experience with AR more satisfying and the interaction
better and more intuitive than males. What users did not
particularly like were the missing tutorials when first starting
the app, the graphic elements too small to interact with,
reading a lot of content on a small screen or making efforts
to check the screen due to the high brightness conditions of
the outdoors, or even having to hold the smartphone up for
too long.

What seems to be appreciated in mobile AR apps for cultural
heritage are the tutorials from the beginning, the arrows
showing how to use the app, the easy to find POIs and a
simple, yet intuitive interface.
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The cultural heritage domain can benefit tremendously from
the mobile AR applications, as half the population owns a
smartphone and it is a great way of preserving, documenting,
and exploring all the values it holds. The present survey
showed that there is still room for improvement in regard to
the user experience of mobile AR applications for cultural
heritage. Nevertheless, the field has become quite popular in
the past few years, promising an even bigger popularity
change.
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