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ABSTRACT

The ubiquity of mobile phones and the advancement of their computational capa-
bilities is making Augmented Reality more accessible to the general public. Being
increasingly used in diverse domains (retail, mapping and navigation, education,
maintenance and industry, entertainment, social media, etc.) Mobile Augmented Rea-
lity (MAR) can bring value to companies and provide enhanced user experience, when
compared with traditional interfaces. Consequently, designers have been exploring
the potential of this technology to assist people with their daily life activities and cre-
ate meaningful experiences. Based on a review of 24 peer review publications from
journals between 2011 and 2021, this study provides a critical reflection on recommen-
dations to help future researchers and practitioners to design better MAR solutions.
Moreover, it presents research gaps, and provides further avenues for research.
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INTRODUCTION

The adoption of extended reality technologies, namely, virtual reality and
augmented reality has increased due to the coronavirus pandemic, and the
market for retail is expected to grow 68.5% till 2027 (Vardomatski, 2021).
Alongside retail, augmented reality has been explored in several domains such
as mapping and navigation, education, maintenance and industry, entertain-
ment, social media, among others. Part of this growth may be explained by
the steady increase of mobile augmented reality (MAR) users over the years
(Statista, 2021).

However, there is still limited understanding of how to take advantage of
the 3D interaction design space to develop useful and meaningful applicati-
ons. What design elements should be considered? What are the best practices?
To answer these questions a literature review on user studies that measure the
User Experience (UX) of MAR applications was conducted. User studies were
purposefully targeted because a user centered design approach has consisten-
tly shown that understanding peoples’ needs and expectations can improve
existing products or assist the development of new ones. The aim of this study
is to report a set of key recommendations to help in designing MAR solutions,
present research gaps, and suggest areas for future research.
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LITERATURE REVIEW AND ANALYSIS

The search for peer-reviewed journal papers was conducted in September
2021, using Scopus, Web of Science and IEEE Xplore databases, and limited
to publications issued between 2011 and 2021. The search was based on
queries made of relevant keywords applied to the title and abstract of the
publications (see Table 1). The initial search retrieved 62 papers that were
screened from the abstract. After removing duplicates, publications in small
formats, literature reviews and technology-centric performance evaluations,
38 documents were excluded. Hence, 24 papers were eligible for analysis.

Table 1. Search terms used in the databases.

No Query

1 “augmented reality” AND evaluation AND “user interface design” AND
mobile

2 “augmented reality” AND evaluation AND “user experience” AND mobile
3 “augmented reality” AND recommendations AND “user experience” AND

mobile
4 “augmented reality” AND “user experience” AND “mobile” AND “user

study”

All eligible papers were read in full and reviewed in terms of their scope,
research methods, and outcomes. The analysis addressed three goals: 1) iden-
tify the components of UX that have been explored; 2) categorize different
approaches to measure the UX of MAR applications, to support future rese-
arch, and 3) compile guidelines and best practices on how to design MAR
experiences.

RESULTS AND DISCUSSION

Seven of 24 publications (29%) dedicate a considerable effort to report issues
related to how the applications were built from a technological standpoint.
In some cases (9 of 24, 37.5%), the report on the user studies lack detail.
Notwithstanding, some publications highlighted interesting starting points
for future research. This section emphasizes the themes that emerged, draw-
ing on relevant literature to offer explanations or distinct perspectives of the
subject.

Components of User Experience in MAR Literature

The analysis of the user studies was partially based on “The Components of
UX” suggested by Hartson and Pyla (2018). According to the authors, UX
combines four factors: 1) Usability, 2) Usefulness, 3) Emotional impact, and
4) Meaningfulness. Table 2 presents the components of UX that were found
in the literature. Some studies comprise more than one.

As anticipated, “Usability” is the most studied UX component. In general,
ensuring the usability of the design seems to be a matter of concern. Indeed,
usability plays a vital role in MAR and “It has to be right before the other UX
design building blocks can fall into place” (Hillmann, 2021, p. 44), otherwise
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Table 2. Different components of UX.

UX Component N° of studies Percentage of total (%)

Usability 18 75
Usefulness 7 29
Emotional impact 6 25
Total 24 100

the other UX components might not even be considered (Hartson & Pyla,
2018, p. 10).

The studies included in the component “Usefulness” involve several areas
such as education, industrial application, tourism, etc. In most cases the goal
was to explore new MAR application concepts and evaluate their utility,
which means that researchers are exploring the potential of the technology.
This finding is in line with Dirin and Laine (2018), who listed some opportu-
nities provided by MAR applications, namely for marketing purposes, to aid
the promotion of products and services, to create innovative user interfaces,
among others.

Close to “Usefulness,” the user studies that comprise the UX component
“Emotional impact” approach emotions from different perspectives. Some
studies focus mainly on emotions (see Dirin and Laine (2018), Redzuan et al.
(2019), Zhang et al. (2019)), whereas others considered emotions, but only
as part of the broader evaluation (see Dhir and Al-Kahtani (2013), Kou-
routhanassis et al. (2015), Magnenat et al. (2015)). This finding is in line
with Hillmann (2021), who considers that persuasion, emotion, and trust
are equally significant as usability.

It was noticed that 6 of 24 studies explored both “Usability” and “Use-
fulness” components. This is probably unsurprising considering that percei-
ved usefulness and perceived ease-of-use (closely related with usability)
are two fundamental predictors of technological acceptance (Davis, 1989).
Furthermore, two studies contemplate three UX components: “Usability,”
“Usefulness,” and “Emotional impact.”

Lastly, no studies explored the UX component “Meaningfulness.” This
component refers to “how a product or artifact becomes meaningful in the
life of a user” (Hartson & Pyla, 2018, p. 16). It is perhaps the most dif-
ficult dimension to explore, since it requires a longitudinal analysis of the
interaction with the device/application. Nonetheless, there are authors sug-
gesting that future research should focus on longitudinal studies (see Cen
et al. (2020), Dirin and Laine (2018) and Mishra et al. (2021)). Addressing
this component might not make sense for all user studies, but it is recom-
mended for those that aim to observe users’ over a period of time to identify
changes in behavior and collect insightful data.

Measuring the User Experience

Both quantitative and qualitative approaches were employed in the repor-
ted studies. As can be observed in Table 3, the most prevalent method is the
questionnaire. The widespread adoption of standardized questionnaires was
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Table 3. Main Methodologies used.

Main methodology used N° of studies Percentage of total (%)

Customized questionnaire 13 54
Standardized questionnaire 9 38
Interview 6 25
Usability metrics 4 17
Think aloud 3 13
Video recordings 2 8
Other 1 4
Total 24 100

expected since they are easy to apply data collection tools. Also as Sauro and
Lewis explain (2016, p. 232) “questionnaires are of potential value to usa-
bility practitioners due to psychometric qualification indicating significant
reliability, validity, and sensitivity.” Despite being advantageous, this method
does not always allow to identify the underlying causes of the results. Indeed,
Davidavičienė et al. (2019) mention the latter as a shortcoming of the user
experience questionnaire (UEQ).

Whilst some studies adopted one method, others opted for two or more.
For instance, Dhir and Al-Kahtani (2013) demonstrate how to use a tri-
angulation strategy combining quantitative and qualitative data obtained
from three distinct methods: SUXES, Emocard, and AttrakDiff. The auth-
ors argue that these methods complement each other and offer rich insights.
Certainly, using multiple sources of data translates into more reliable results
(Whitenton, 2021).

Guidelines and Best Practices

The recommendations derived from the review were grouped into five topics,
based on important UX dimensions found throughout the studies (see also
Hillmann (2021)): content, interaction, environment and spatial components,
sensory input, and emotions.

With regard to “content,” the authors advise taking advantage of MAR
technology, i.e. deliver content that is relevant for tasks and provide it
based on collected contextual information to mitigate cognitive overload
(Kourouthanassis et al., 2015). On this subject, Kim et al. (2017) add that
displaying videos and images before text may also aid to reduce cognitive
overload. Furthermore, Kourouthanassis et al. (2015) found that MAR tech-
nology raises privacy concerns, and to avert negative emotions they advocate
for transparency. This issue also emerged as a factor that might influence the
acceptance of MAR applications (tom Dieck & Jung, 2018).

The topic “interaction” involves the recommendations that focus on how
to communicate to users how they can interact with content. Overall, the
authors argue that MAR apps must provide good usability. In particular,
it is suggested that users must be informed about the current state of the
system, and familiar icons or interaction metaphors should be employed
(Kourouthanassis et al., 2015). Moreover, Gjøsæter (2014) offers guidance
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on different types of affordances, and suggests combining them with design
guidelines to enhance user experience.

Concerning “environment and spatial components,” the findings derive
from the user studies that examined issues about the context in which peo-
ple interact with MAR applications. Specifically, Dirin and Laine (2018)
draw attention to public spaces, arguing that designers should take users’
safety into account. Then, Sekhavat and Parsons (2018) and Brata and Liang
(2020) analyzed location-based AR. The findings suggest that location-based
AR may generate more favorable results when compared to marker-based
AR (Sekhavat & Parsons, 2018), and digital maps are likely to prevail over
location-based AR in pedestrian navigation because of familiarity (Brata &
Liang, 2020).

In terms of “sensory input,” two studies are worthy of note. The first
one directed attention to auditory displays. By comparing 4 types, the auth-
ors suggest that spatial audio alongside earcons may increase the level of
immersion (Vazquez-Alvarez et al., 2012). The second study investigated
multisensory AR, and concluded that it has the potential to enhance expe-
riences and, thus, should be further explored (Marto et al., 2021). These
findings might inspire and encourage new paths of research beyond visual
clues.

The topic “Emotions” includes the studies that provide guidance on how
to establish emotional connections through MAR apps, and how to incre-
ase user engagement. The authors highlighted the potential of narratives to
encourage content exploration (Kim et al., 2017), and to create useful and
involving experiences in the realm of entertainment and education (Nam,
2015). To develop emotional attachment some of the suggested best practi-
ces include: personalized experiences, realism, and spatial correspondence
(Dirin & Laine, 2018).

Additionally, it was noticed that few studies documented the design pro-
cess. As a case in point, Nam (2015) explained the rationale behind the
prototypes stating the design factors and the types of narrative layers used.
Nonetheless, none of the publications mentions considering the users and
their needs in the design process. As a matter of fact, Dirin and Laine
(2018) suggest user centered design methods to identify users’ needs, and Kim
et al. (2017) consider that users’ personal context and preferences should be
addressed.

CONCLUSIONS AND RESEARCH IMPLICATIONS

To design better MAR applications, practitioners and designers should ensure
good usability, and simultaneously take advantage of AR technology to create
engaging experiences. In the literature topics such as affordances, audio-
augmented reality, multisensory AR and narratives are beginning to arise.
Also, the role of emotions in MAR has captured the interest of researchers.
These topics seem to be unexplored in the realm of MAR applications and
future studies are strongly encouraged.

To conclude, this literature review shows that researchers and developers
are making efforts to measure the user experience of MAR applications.
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However, the design process is still often disregarded. Future work should
therefore describe how MAR apps are designed. Also, in the author’s view,
regardless of the interaction technology in use, user centered design frame-
works should be employed in the design process to create useful, usable and
satisfying experiences.
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