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Abstract. With the rapid adaptation of AR across all mobile platforms,
assessment of its usability with respect to real world situations is an
urgent subject matter. Unlike most modern interfaces, AR allows for
situated user interfaces, which are highly context dependent and flexible. This research assesses the usability of an AR navigation system
for pedestrians, which uses flexible AR labels to support navigation. To
achieve the aforementioned, an experiment has been conducted where
participants were enquired to retrieve a specific set of books from a series of alphabetically organised bookcases, with and without help of an
AR navigation system: the bookcase navigator. Based on user interaction in the form of the distance to the bookcases, information filtering
occurs to show the AR labels at an appropriate level of detail. The results indicate a significant increase in the satisfaction of users, but show
a lack of any significant differences in the effectiveness, efficiency and
users’ subjective assessment of the system its usability.
Keywords: Augmented Reality · Mobile Augmented Reality · Navigation Systems · Pedestrian Navigation · Usability

1

Introduction

Throughout the summer of 2016, it was not an uncommon sight to spot people walking around with their phone straight in front of them, as to perceive
Pokémon through their smartphone camera. The Augmented Reality (AR) based
game Pokémon GO realised many childhood dreams, allowing players to find,
catch and collect Pokémon out in the real world. At release, Pokémon GO turned
out to be a such a success that the release had to be delayed for certain countries, because of server issues [1]. Since then, the hype surrounding this game
has slowly died down, but one of the biggest takeaways from the hype that surrounded this game at the time, is that the general public is at the very least
interested in AR, making it a commercially viable technology.
More recently, Apple and Google revealed their new ARKit [2] and ARCore
[3] platforms, which aim to make the development of relatively high quality
mobile AR (MAR) apps easier than ever before. The backing of AR by these
tech industry giants could very well indicate that AR, specifically MAR, might
be more than just hype.
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Defining augmented reality

While AR has only gained a lot of mainstream traction over the past couple
of years, the term had already been coined in 1992. Caudell & Mizell [11] used
the term to describe the technology utilised in their heads-up display headset
(HUDset): “[The combination of HUDset, head position sensing and workplace
registration systems] is used to ‘augment‘ the visual field of the user with information necessary in the performance of the current task, and therefore we refer
to the technology as ‘augmented reality‘ (AR)“ (p. 660).
In 1994, Milgram & Kishino [16] proposed the reality-virtuality continuum,
also referred to as the virtuality continuum (see Fig. 1). They present the notion
of a mixed reality environments, which are defined as environments “[...] in
which real world and virtual world objects are presented together within a single
display, that is, anywhere between the extrema of the virtuality continuum“ (p.
3). Specifically, Milgram & Kishino [16] use the term AR to describe “[...] any
case in which an otherwise real environment is ‘augmented‘ by means of virtual
(computer graphic) objects“ (p. 4).

Fig. 1. The reality-virtuality continuum.

As technology progressed, so did the definition of AR. Following up an earlier
survey [5], Azuma et. al [4] define an AR system as a system that “[...] supplements the real world with virtual objects that appear to coexist in the same
space as the real world“ (p. 34). More specifically, the following three properties
of an AR system are specified:
1. Combines real and virtual objects in a real environment.
2. Runs interactively in real time.
3. Registers real and virtual objects with each other.
While many alternative definitions of AR have been proposed, the definitions
provided by Milgram & Kishino [16] and Azuma et al. [4] remain widely used to
this day and fit the AR application proposed in this research.
1.2

AR navigation systems

As specified in the survey conducted by Azuma et al. [4], there are many potential
areas in which AR could be applied, which include (but are not limited to)
manufacturing, entertainment, games, and navigation systems. This research
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will specifically focus on AR navigation systems. Using AR for navigation is
not a new concept, various types of AR navigation systems have already been
explored earlier. Below, some of the most notable AR navigation systems are
outlined.
An early AR navigation system for pedestrians was developed by Thomas et
al. in 1998 [21]. The project resulted in a wearable computer system with a head
mounted display, digital compass and a GPS, which used waypoints as a means of
navigation. Waypoints were represented as diamond-shaped figures hovering over
the environment, which increased in size as the user approached the waypoint.
While the waypoint metaphor proved to be successful in navigating users from
one point to another, the navigation system suffered from various drawbacks.
These drawbacks were largely a result of the technology available at the time,
which would be considered outdated now. An example of such a drawback was
accuracy: the navigation yielded accuracies between 2 and 20 meters, over three
different test settings. Another drawback was mobility: the ‘wearable‘ computer
required an entire backpack to carry all necessary components.
In 2004, Reitmayr & Schmalstieg [18] took a slightly different approach to
AR navigation for pedestrians. The final product was an AR tourist guidance
application with a navigational mode, information browsing mode and annotation mode. All of these modes supported collaboration between devices. The
navigational mode operated using waypoints, similar the navigation system by
Thomas et al. [21]. Unlike Thomas et al. [21], the navigation system developed by
Reitmayr & Schmalstieg [18] represented waypoints using cylinders that seemed
to be situated in the environment. The information browsing mode presented
users information based on their location. The annotation mode allowed users
to annotate their environment using various shapes and colours. Through collaboration, users were able to view annotations of others or navigate environments
together.
More recently, Narzt et al. [17] developed an AR navigation system which
combined a virtual translucent path with real world roads. The final application
used a secondary navigational display to show a live stream of the resulting augmented reality. Both car and pedestrian AR navigation systems were explored,
using the same concept of a translucent path layered over reality. This research
highlights the relatively high level of intuitiveness of AR navigation systems,
which is a point of reference for this research. Contemporary navigation systems
are based on abstractions (e.g. the helicopter view of a map). While these ‘abstract‘ navigation systems have proven to be successful, the system developed by
Narzt et al. [17] is devoid of all abstractions, resulting in a more intuitive way to
navigate the environment. Besides the lack of abstractions, the developed navigation system could (in theory) be integrated into a heads-up display on the
windshield of a car, eliminating the need for a secondary display to show a map.
This could drastically improve driving performance, as research by Medenica,
Kun, Paek, & Palinko [15] has shown that AR navigation heads-up displays result in significantly more visual attention to the road, relative to contemporary
heads-down displays, i.e. a map on a separate screen.
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While all of the above mentioned AR navigation systems provided a promising peek into the future, little to no testing was done with regards to the usability
of these systems (or other AR navigation systems in general). After putting the
developed system through three different trials once, Thomas et al. [21] conclude that: “Further work is needed to better understand the form and content
of the presented information to optimise visual cues.“ Research by Reitmayr &
Schmalstieg [18] included an informal demonstration session to a group of colleagues, but no formal testing of the system was done. As for the navigation
system developed by Narzt et al. [17], the developer team has tested and acknowledged the intuitiveness of the system, but no empirical research was done.
Specifically regarding the developed pedestrian navigation system, Narzt et al.
question “[...] the degree to which pedestrians would like to have their normal
view superimposed by AR or would they find it intrusive and disturbing.“ (p.
185). The aforementioned question posed by Narzt et al. is of interest to this
research, as it intends to contribute to the current understanding of pedestrian
AR navigation systems with regards to usability.
1.3

Information filtering in AR navigation systems

An important aspect of AR navigation systems is the amount of information
that is presented to the user. To present an optimal amount of information, the
system needs to determine what information is relevant and filter out the remaining irrelevant information. This process is commonly referred to as information
filtering. Höllerer et al. [13] explore three UI design techniques to increase intuitiveness of AR interfaces, of which one is information filtering. Höllerer et al.
describe information filtering as “[...] culling the information that can potentially
be displayed by identifying and prioritising what is relevant to a user at a given
point in time“ (p. 801). Prioritising what information is relevant to the user can
be based upon a wide range of factors, e.g. goals, interest or location [13].
Information filtering has been an important design principle for user interfaces before AR existed. However, further exploration of this topic is essential,
as situated user interfaces in AR are more dependent on the environment than
other contemporary user interfaces. Thomas et al. [21] have already addressed
further exploration of information filtering in AR: “It is a delicate balance that
must be maintained between presenting enough information and obscuring the
user’s view of the physical world“. Previous research has explored the topic of
information filtering within AR in various ways. Julier et al. [14] take an algorithmic approach to information filtering, exploring this topic by means of an
region-based filtering algorithm, which utilises the location and intent of the
user and the state of individual objects in order to display the most relevant
information. Unlike the algorithmic approach to information filtering taken by
Julier et al. [14], this research uses factors related to user interaction to display
relevant information, much like Höllerer et al [13].
The first and foremost objective of this research is to asses the value of AR
navigation systems, with regards to information filtering in terms of usability, by
means of a self-made AR navigation system. Information filtering is essential to
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creating an AR application with proper usability. Users should receive neither too
much nor too little information when navigating their environment. Too much
information will distract the user from efficiently navigating their environment,
whereas a lack of information will result in an ineffective navigation system.
Within the context of this specific research, information filtering is based on the
relative location of the user to the bookcases.

2

Method & Materials

Purposefully navigating environments has always been a common, yet important everyday task for everyone. With the large push it has been getting lately,
it seems like AR could very well be the next frontier of navigation systems.
However, before AR navigation systems can be successfully implemented into
the vast real world, proper research needs to be done with regards to their usability. To realise this on a smaller scale, an AR navigation system for bookcases
has been created: the bookcase navigator.
2.1

Bookcase navigator

Fig. 2. The coordinate system used by ARKit.

The bookcase navigator is created using solely Apple’s ARKit framework
for iOS [2]. While ARKit is a fairly new framework, the accuracy of its world
tracking is adequate for this experiment. ARKit uses visual inertial odometry,
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which combines motion sensing with visual information, to keep track of the
device its location in the environment. Notable features in the environment are
tracked across video frames and finally combined with motion sensing data to
create a model of the device its position and motion. Locations within the world
are specified using a coordinate system which consists of an x-, y- and z-axis
relative to the device, as seen in Fig. 2.
Within the context of the bookcase navigator, the location of the device is
tracked with regards to a world origin: the position where the application was
launched. In a similar fashion, the labels are positioned relative to the world
origin as well. While this way of location tracking would not be viable for real
world AR navigation systems, it suffices for the main goal of this experiment,
which is to evaluate the usability of AR navigation systems.

Fig. 3. The first order labels, allowing the user to navigate between bookcases.
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Fig. 4. The second order labels, allowing the user to navigate within a bookcase.

The bookcase navigation application itself is fairly straightforward. Every
bookcase has two sides and is separated by aisles. The first order of labels hover
besides bookcases, referring to first two letters of the name of the author (Fig. 3).
These labels are intended to help users navigate between bookcases. Once a user
decides to enter an aisle, the first order of labels fade out and more detailed,
second order labels fade in over the bookcases surrounding the aisle (Fig. 4).
Much like the first order labels, the letters of the second order labels refer to
the first letters of author. However, since the user set foot in an aisle, the range
of authors is a lot smaller. As a result, the second order labels cover a smaller
range of authors, as can be seen in Fig. 4. These second order labels are intended
to help users navigate within a bookcase. When a user decides to leave the aisle,
the second order labels fade out to make room for the first order labels again.
2.2

Design considerations

The bookcase navigator is intended for handheld navigation, and thus developed
for a handheld device. While not the main objective of this research, a crucial
perspective this paper takes with regards to the development of AR applications
is that they should be seamlessly integrated into the user’s environment.
Azuma et al. [4] rightfully question if users are even willing to adopt AR
wearables if they are clunky and heavy or simply aesthetically unattractive. In
response, Narzt et al. [17] propose that, optimally, users do not require any
additional devices for viewing AR information. Ideally, the hardware should
be integrated into the user’s environment (e.g. a car’s windshield, which acts
as a heads-up display) as to not be obtrusive and require any adaptation of
behaviour. If this is unattainable, users should require at most one small device
for perceiving AR information (e.g. a mobile phone). This attitude with regards
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to design is reflected in the developed application: an AR application for the
iPhone, an omnipresent gadget in our modern day lives.
Besides the hardware, various ways in which the AR labels could be placed
have also been considered. As was noted in section 2.1, the labels are positioned
relative to the world origin. While this is not viable for real world AR navigation
systems, it suffices for the sake of usability testing. Other methods have been
explored, but were deemed unattainable, due to time or the given environment.
At first, instead of positioning the labels relative to the world origin, hittesting was considered. In ARKit, hit-testing searches for real-world objects or
surfaces detected after processing of a camera image. AR labels could be attached
to the found real-world objects or surfaces. However, since the bookcases were
all the adjacent to the user, there would be no actual surface to hit-test on if
the user would be looking straight ahead. Besides, hit-testing would not offer
additional benefits nor any more real world viability for this application.
An alternative that could offer more real world viability, would be to use live
image detection/QR codes to place the labels. Physical images/QR codes would
be attached to the side of bookcases, to which the application would attach
the AR labels. However, it was decided against this as it only would only add
to the novelty factor, while not actually contributing to the main goal of this
research, which is to evaluate the usability of AR navigation systems. Overall,
the implementation in which labels were positioned relative to the world origin
was simply adequate.
2.3

Defining usability

Thus far, usability has been referred to as the criterion which will be used to
evaluate the developed application. Usability is commonly defined according to
the definition provided by of the International Organization for Standardization
(ISO). ISO 9241-11 [20] defines usability as “the extent to which a product can
be used by specified users to achieve specified goals with effectiveness, efficiency
and satisfaction in a specified context of use“. ISO 9241-11 provides an easily
measurable and widely accepted definition for understanding usability that is
referenced across research as well as the industry.
Going into greater detail of the definition of usability according to ISO 924111 [20], effectiveness is defined as “the accuracy and completeness with which
users achieve specified goal“, efficiency as “the resources expended in relation to
the accuracy and completeness with which users achieve goals“ and satisfaction
as “freedom from discomfort, and positive attitude to the use of the product“.
This research will analyse all three facets of usability specified by ISO 9241-11.
Effectiveness will be measured as the number of books a participant successfully
retrieved divided by the number of books that had to be retrieved. Efficiency
will be measured as the time taken to retrieve the book, which should provide
an objective take on the performance of users.
The third facet of usability according to ISO 9241-11 is satisfaction, which
closely relates to the subjective experience of users. Despite the rigidity of the
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objective measurements for effectiveness and efficiency, the subjective experience of users cannot be ignored when creating applications. With regards to
the importance of satisfaction amongst the other facets of usability specified
by ISO 9241-11, Barnum [7] notes that: “Although measures of effectiveness
and efficiency are, to some extent, determined by the user’s perception of these
qualities, there is no denying that the measure of satisfaction is derived wholly
from the user’s perception of satisfaction. [...] [Users’] interest in using the product will often trump recognized problems affecting effectiveness and efficiency.
Why? Because satisfaction = desirability“ (p. 12). To effectively collect feedback
on desirability (or satisfaction), Benedek & Miner [8] developed a ‘desirability
toolkit‘. The desirability toolkit contains a set of ‘product reaction cards‘, consisting of 118 cards, each card describing either a positive or negative word or
phrase. These cards are said to be used to garner feedback on the ‘desirability‘
of a system, something which closely relates to ISO 9241-11 its definition of satisfaction: “freedom of discomfort, and positive attitude to the use of a product“
(or lack thereof). Thus, satisfaction will be polled using these product reaction
cards. The product reaction cards were translated to Dutch, to ensure that participants understood every word and phrase. Satisfaction will be measured as
the number of positive cards selected minus the number negative cards selected,
divided by the total number of selected cards.
Another common measurement of usability is the System Usability Scale
(SUS) [10]. The SUS is a ten-item questionnaire, providing a global overview of
participants’ subjective assessment of the usability of a system. Much like ISO
9241-11, the SUS is widely accepted and commonly used to research usability.
Unlike ISO 9241-11, the SUS provides an assessment of usability that is not
specific to any context. As a result, the SUS can be used as a general measurement of usability, allowing comparisons of usability across systems. The SUS
was utilised to provide a user-focussed comparable global take on the usability
of the system. Just like the product reaction cards, the SUS was translated to
Dutch to ensure that participants clearly understood the questions posed by the
survey.
2.4

Design

To evaluate the usability of AR navigation systems, one needs a baseline to
compare the AR navigation system to. To realise this, a between-subject design
was created with a ‘label type‘ as an independent variable. The label type consists
of two between-subject factors: an ‘AR label group‘ and a ‘no label group‘. The
no label group serves as a baseline, as participants in this group retrieve books
like one typically would in a library. The AR label group serves to evaluate the
usability of the bookcase navigator (or AR navigation systems in general).
One might wonder why a between-subject design was picked over a withinsubject design. To illustrate why, imagine if the experiment as described above
would have been performed using a within-subject design. Participants would
know the location of the book of interest by the time they switched conditions,
since the location of the relevant books would always be the same, due to the
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structured organisation of bookcases in libraries. To counter this, one might
suggest asking participants to retrieve a different set of books for each condition.
While this does avoid participants from knowing the exact location of the book,
there is no way to precisely evaluate if the two different sets of books for every
condition are equally as difficult to retrieve, which might result in biased results
for one of the conditions. Thus, a between-subject design was opted for over a
within-subject design.
The dependent variables are defined according to the aspects of usability as
they were defined in section 2.3. Thus, effectiveness, efficiency, satisfaction and
the SU score are the dependent variables in this experiment.
Since this design has no within-subject factors, one between-subject factor
and multiple dependent variables, it is fitting to use a MANOVA as a means of
analysis.
2.5

Procedure

As was specified in section 2.4, the experiment revolves around a no label group
and an AR label group. All participants were visitors of the library, which were
approached at random and asked to participate after a short introduction. Once
the approached person agreed to participate, he/she was given an information
form, detailing the procedure of the experiment. Finally, participants were randomly assigned to the no label group or AR label group after having signed a
consent form.
Participants of both groups were instructed to retrieve three specific books
from the bookcases, one by one. The time taken to retrieve a book was recorded
individually for every book. For the final analysis, the three recorded times were
averaged over per participant to avoid subjects being exceptionally fast (or slow)
as a result of coincidentally spotting a book immediately (or looking past it). The
AR label group was instructed to use the bookcase navigator, whereas the no
label group was not given any access to the application (or any other tools). Both
groups were given access to the small stickers on the spines of the books which
feature the first 4 letters of the author’s name, as these stickers are widespread
throughout Dutch libraries.
After the participants had retrieved all books, they were asked to fill in the
SUS questionnaire and select an unlimited number of product reaction cards
which described their experience with the system. For the no label group, ‘the
system‘ referred to the small stickers on the spine of the books. For the AR label
group, ‘the system‘ referred to the bookcase navigator.
2.6

Research questions

As mentioned before, the first and foremost goal of this research is to evaluate the
usability of AR navigation systems. Keeping this goal and the design specified
in section 2.4 in mind, the main research question is as follows: are AR labels
significantly more usable than no labels?
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In section 2.3, usability was given a multifaceted definition. Section 2.4 established all these facets of usability as dependent variables. Thus, every dependent
variable get its own subquestion. Table 1 provides an overview of all questions
put forward in this research.

Table 1. Research questions
Dependent variable Research question
Effectiveness
Are AR labels significantly more effective than the existing labelling system?
Efficiency
Are AR labels significantly more efficient than the existing labelling system?
SU score
Do AR labels score significantly higher on the SUS than the
existing labelling system?
Satisfaction
Are AR labels rated significantly more satisfying than the existing labelling system?
Usability
Are AR labels significantly more usable than the existing labelling system?

2.7

Hypotheses

Typically, to locate a book of interest in a library, one makes a ballpark estimate
on where the book could be located within the bookcases of the genre of interest.
Since AR labels provide the benefit of flexibility, as opposed to static physical
labels, the need for ballpark estimates could be eliminated, if implemented correctly.
For this specific research, the AR labels alter based upon the distance of the
user to a bookcase. As the user approaches a certain set of authors by walking
into an aisle, the associated label expands into sublabels based on the distance
of the user relative to the bookcase (e.g. as a user approaches set of authors
VE-ZW, the set splits into the existing subsets VE-WA, WA-WI, WI-ZW). As
a result, users receive constant feedback on their path towards their book of
interest, reducing the need for a ballpark estimate to locate this book. From
this advantage follows the hypothesis that AR labels provide an improvement in
terms of usability over physical labels.
Table 2 provides an overview of all null hypotheses, each referring to an
aspect of usability as it was defined in section 2.3.
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Table 2. Null hypotheses
Hypothesis
h0effectiveness
h0efficiency
h0SUscore
h0satisfaction
h0multi

2.8

Dependent variable
Effectiveness
Efficiency
SU score
Satisfaction
Multivariate

Primary effect Label type
µnolabel (effectiveness) = µAR (effectiveness)
µnolabel (efficiency) = µAR (efficiency)
µnolabel (SU score) = µAR (SU score)
µnolabel (satisfaction) = µAR (satisfaction)
The hypotheses above are all true.

Pilot study

A small-scale pilot study with three participants was conducted before actual
testing began. The pilot study used exactly the same design as described in
section 2.4. The pilot study and final study only differed slightly in procedure.
The pilot study used the original English SUS questionnaire and product reaction
cards, whereas the final study used a self-made Dutch version of both. The
decision to use Dutch versions over the original English versions was based upon
feedback from participants. All participants of the pilot study indicated that
they would have preferred to use a Dutch version. Non-participants had also
declined participation on grounds of not being confident enough in their English
abilities.
While providing participants with a Dutch version might come with the risk
of definitions getting lost in translation, it appeared to be the lesser of two evils
when compared to participants completely misunderstanding the questionnaires.
This fear of non-native speakers misunderstanding the SUS is not irrational, as
a 2006 study by Finstad [12] found that non-native participants had trouble
understanding question 8 of the SUS, due to the word “cumbersome“. Besides,
translated versions of the SUS seem to fare rather well, as in 2011, Sauro [19]
reported that unofficial Dutch translations of the SUS were shown to have the
same internal reliability as the official English version. While the product reaction cards are a bit more delicate to translate than the SUS, it was also deemed
as the lesser of two evils for similar reasons.
The Dutch versions of the product reaction cards and SUS questionnaire can
be found in appendix 5.2 and 5.3.

3

Results

A total of 16 people participated in the experiment (N = 16), of which 8 participated in each group (N AR = 8 and N NoLabel = 8).
Participants were able to retrieve all books successfully for both groups. Thus,
the mean effectiveness was found to be 1,00 (µAR = 1, 00 and µN oLabel = 1, 00)
and a standard deviation was found to be 0,00 (σAR = 0, 00 and σN oLabel = 0, 00)
for both independent variables.
The mean time taken to retrieve all books (efficiency) was found to be 81,65
seconds (µAR = 81, 65) with a standard deviation of 30,36 (σAR = 30, 36) for the
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AR group. As for the no label group, the mean time taken to retrieve all books
was found to be 60,51 seconds (µN oLabel = 60, 51) with a standard deviation of
23,39 (σN oLabel = 23, 39).
The mean SU score was found to be 75,00 (µAR = 75, 00) with a standard
deviation of 10,09 (σAR = 10, 09) for the AR group. As for the no label group,
the mean SU score was found to be 82,19 (µN oLabel = 82, 19) with a standard
deviation of 6,33 (σN oLabel = 6, 33).
The mean satisfaction was found to be 0,99 (µAR = 0, 99) with a standard
deviation of 0,031 (σAR = 0, 031) for the AR group. As for the no label group,
the mean satisfaction was found to be 0,69 (µN oLabel = 0, 69) with a standard
deviation of 0,21 (σN oLabel = 0, 21).
Descriptive Statistics

Effectiveness

Efficiency

SUScore

Satisfaction

Mean

Std. Deviation

N

LabelType
AR

1,0000

,00000

NoLabel

1,0000

,00000

8

Total

1,0000

,00000

16

AR

81,6500

30,36097

8

NoLabel

60,5125

23,38787

8

Total

71,0813

28,36505

16

AR

75,0000

10,08889

8

NoLabel

82,1875

6,32985

8

Total

78,5938

8,94282

16

AR

,9891

,03075

8

NoLabel

,6945

,21343

8

Total

,8418

,21176

16

8

Fig. 5. Mean, standard deviation and number of subjects for all dependent variables.

3.1

Inferential statistics

The data was analysed using a MANOVA. All nine assumptions for a MANOVA
have been checked. The assumption of multivariate normality was not met for
the satisfaction variable. The assumption of multi-linearity was not met for the
combination of the efficiency and satisfaction variables. The assumption of homogeneity of variance-covariance matrices was not met for the satisfaction variable.
All remaining assumptions were met. Appenix 5.4 contains all values relevant to
the assumptions for a MANOVA.
Fig. 6 shows that the label type has a significant effect on usability: p =
0, 011 < 0, 05, thus the multivariate null hypothesis (h0multi in Table 2, section 2.7) is rejected.
Since the multivariate null hypothesis h0multi is rejected, the univariate null
hypotheses should be examined. Fig. 7 and Fig. 8 show that the significant effect
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of label type on usability is not expressed through effectiveness (p = incalculable,
since the mean square is zero), efficiency (p = 0, 141 > 0, 05) and SU score (p =
0, 110 > 0, 05). Thus, h0effectiveness , h0efficiency , and h0SUscore are not rejected.
However, this significant effect is expressed strongly through satisfaction (p =
0, 002 < 0, 05; eta2 = 0, 516). Thus, h0satisfaction is rejected. Fig. 5 shows that the
satisfaction was the highest for the AR group (µAR = 0, 9891), and the lowest
for the no label group (µN oLabel = 0, 6945).

Multivariate Test Results
Value

F

Hypothesis df

Error df

Sig.

Partial Eta
Squared

Pillai's trace

,593

5,833 a

3,000

12,000

,011

,593

17,499

Wilks' lambda

,407

5,833 a

3,000

12,000

,011

,593

17,499

Hotelling's trace

1,458

5,833

a

3,000

12,000

,011

,593

17,499

Roy's largest root

1,458

5,833

a

3,000

12,000

,011

,593

17,499

Multivariate Test Results
Noncent.
Fig. 6.
Parameter

Observed

b
ResultPower
of the
multivariate tests.

Pillai's trace

17,499

,858

Wilks' lambda

17,499

,858

Hotelling's trace

17,499

,858

Roy's largest root

17,499

,858

a. Exact statistic
b. Computed using alpha = ,05

Univariate Test Results
Source

Dependent Variable

Contrast

Effectiveness
Efficiency
SUScore

Error

Sum of
Squares

df

Mean Square

F

1

,000

.

.

.

1787,176

1

1787,176

2,434

,141

,148

206,641

1

206,641

2,913

,110

,172

Satisfaction

,347

1

,347

14,932

,002

,516

Effectiveness

,000

14

,000

10281,469

14

734,391

992,969

14

70,926

,325

14

,023

Efficiency
SUScore
Satisfaction

Univariate Test Results
Source
Contrast

Error

Sig.

,000

Fig. 7.
Dependent Variable
Effectiveness

Partial Eta

Observed

Noncent.

Power a
(1) Squared
Result of theParameter
univariate tests.
.

.

.

Efficiency
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Fig. 8. (2) Result of the univariate tests.

4

Discussion

In section 2.6, the following main research question was posed: are AR labels significantly more usable than no labels? Since usability had been defined as a multifaceted concept, five subquestions were posed alongside the research question.
A complete overview of all research questions is shown in Table 1, section 2.6.
Since the multivariate null hypothesis h0multi was rejected in section 3, the type
of label seems to affect usability. To find out which aspects of usability are influenced by the type of label, the posed subquestions are examined. However, since
not all assumptions required for a MANOVA were met, one should interpret the
findings with a pinch of salt.
The first dependent variable to remain unaffected by the type of label is
effectiveness, since h0effectiveness was not rejected. While this is a negative finding,
it is simply the result of all participants successfully retrieving every book. The
Page 1
effectiveness would only have been affected by the type of label if participants
would not have been able to retrieve the relevant book(s). This would only have
been the case if the organisation of bookcases or the application would have
been so complex that participants would have given up. Since the bookcases in
the library (and thus the application) are alphabetically organised, participants
had no issues retrieving the correct books. If anything, all books having been
retrieved by all participants in both groups goes to show that AR navigation
systems are at the very least viable, since they do not diminish the effectiveness
of the existing system.
The second dependent variable to remain unaffected by the type of label
is efficiency, since h0efficiency was not rejected. The primary explanation for this
finding is that AR labels do not provide a significant advantage nor disadvantage
over the existing labels on the spines of books, in terms of time needed to retrieve
a book. An alternative explanation for this finding is that there is a learning curve
to the AR navigation system, which slowed the AR group down to roughly the
efficiency of the no label group.
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The third and final dependent variable to remain unaffected by the type of
label is the SU score, since h0SUscore was not rejected. The primary explanation
for this finding is that AR labels do not result in any significant improvement
or deterioration of usability as defined by the SUS.
While this does suggest that the bookcase navigator is not significantly better
(or worse) than the existing system, the bookcase navigator still seems to be
rated positively. As shown in Fig. 5, the mean SU score is 75,00 for the AR group
(µAR = 75, 00) and 82,19 for the no label group (µN oLabel = 82, 19). In 2013,
a retrospective study on the SUS by Brooke [9], creator of the SUS, mentions
that “using scoring system ranging from 0 to 100 often leads to researchers
interpreting SUS scores as percentages, which they are not“ (p. 36). So, how
should these SU scores be interpreted? A 2009 study by Bangor, Kortum & Miller
[6] examined the SUS by relating the SU score and the adjectives participants
121
assigned to the system for over 3500 SUS results. The result was a grading
system
associated with the SUS as shown in Fig. 9.
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IMAGINABLE

0

10

20 30

ACCEPTABLE

D
POOR

40

OK

50

C
GOOD

60

70

B

A
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Figure 4. A comparison of the adjective ratings, acceptability scores, and school grading scales,
in relation to the average SUS score
Finally,
regardless of whether
or letter
are usedKortum
for such a scale,
we believe(2009)
that
Fig.
9. Grading
of SUwords
scores
bygrades
Bangor,
& Miller
[6].
the results from a single score should be considered to be complementary to the SUS score and
the results should be used together to create a clearer picture of the products overall usability.
The work presented here suggests several lines of future research that are needed in order to
further understand both the SUS and the use of an additional single question rating scale. First

and foremost,
collection
continue and
with the
substitution
of the mid-point
adjective
with on the grade
Examining
Fig. data
9, the
ARwillgroup
no
label group
slightly
differ
one that carries a stronger neutral connotation than the current term of OK. With this
scale and the
associated
adjective
The
bookcase
navigator
scores a C and
substitution,
we will also
be including a ratings.
letter grade scale
to allow
the users themselves
to make
the determination of a grade assignment, rather than having to rely on the anecdotal evidence
is rated around
the grade
no label
thebeexisting
system a B
presented‘good‘,
to date. Onewhereas
virtue of the letter
approachgroup
is that therates
subject could
asked
verbally to assign a letter grade prior to presentation of the SUS. This would help remove the
and around
‘excellent‘.
While
these
scores
differ,
both
the
AR
group
and the no
letter grade from the context of the SUS questions and perhaps increase the degree of
independence between the two measures. We hypothesize that users may be less reluctant to
label groupgiveseem
to
consider
their
respective
systems
‘acceptable‘,
according
to
low or failing grades to poor interfaces because of their extensive exposure to this familiar
scale in other domains. We believe that users may have self-generated reference points across
the acceptability
range.
Despite
this
somewhat
optimistic
rating
of
the
bookcase
the entire letter grade scale and because of their previous exposures could be more willing to
the full scale. If this is true, it may prove to be a valuable extension of the SUS and help
navigator, use
one
keepissue
in that
mind
thatin SUS
thisscores.
data
was
using a survey.
solve
thehas
rangeto
restriction
is prevalent
If the
letter collected
grade score does
indeed prove to be reliable and useful, further investigations will need to focus on whether such
Thus, an alternative
explanation
for
this
result
is
that
participants
rated the
a single score assessment might be sufficient. One important element of these investigations
will be to examine the relationship between the SUS, the seven-point adjective rating scale, and
bookcase navigator
positively
out
of
politeness.
the letter grade scale with objective measures of usability such as time-on-task and task
success rates.
The first
and only dependent variable to be affected by the type of label
is the satisfaction. The primary explanation for this finding is that the type of
label significantly influences the satisfaction of participants. More specifically,
as shown in Fig. 5, the satisfaction is significantly higher for the AR group,
indicating that the AR group deemed the bookcase navigator in combination
with the stickers on the spines of the books as more satisfactory than the no label
group deemed navigation using solely the stickers on the spines of the books.
However, since this data has been collected using product reaction cards, which
operate in essentially the same manner as a survey, one should remain sceptical.
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Thus, an alternative explanation for this finding is that participants selected
more positive words and phrases for the bookcase navigator out of politeness.

4.1

Limitations

While the interpretations of the results are indicative of AR improving at least
the satisfaction of participants over a non-AR solution, there is plenty of room
left for improvement for future research within the domain of AR navigation
systems.
The most glaring shortcoming of this experiment is the lack of participants.
While there is no complete absence of positive findings despite the fairly small
number of participants, one could rightfully question whether these participants
were a representative sample of the population. However, for the SUS specifically,
a 2004 study by Tullis & Stetson [22] found that an analysis of a dataset with a
sample size of 8 resulted in the same ‘correct‘ conclusion as an analysis of a full
dataset 75% of the time. Unfortunately, the same research found that analysing
a dataset with a sample size of 8 only resulted in a ‘correct‘ conclusion 40% of
the time for the product reaction cards.
Another shortcoming of the experiment is the violation of a few assumptions
required for a completely valid MANOVA. While this is not uncommon when
working with real world data, it unfortunately does hurt the credibility of the
findings.
Translating the SUS and product reaction cards from English to Dutch could
also be seen as a shortcoming. The act of translating these questionnaires could
result in a loss of the nuances of certain words or phrases, especially for the product reaction cards. However, according to Sauro [19], the SUS questionnaire was
found to be at no risk of losing internal reliability when translated from English
to Dutch. As for the product reaction cards, if a participant were to be somewhat unfamiliar with English, using the original English product reaction cards
could result in participants glossing over relevant product reaction cards and/or
selecting product reaction cards that did not apply to their experience. Thus,
it was opted for to translate the product reaction cards, as suboptimal translations can be prevented (in theory), whereas participants misunderstanding the
product reaction cards cannot.
Finally, the environment in which the application was tested is not necessarily representative for all possible forms of AR navigation systems. Due to
the fairly small scale of the testing environment, it might have been harder to
find significant differences in the aspects of usability. Larger testing environment
leave more room for error on the user’s behalf, which translates to diminished
effectiveness and/or efficiency. To illustrate this, compare navigating a city to
navigating a set of bookcases: navigational errors are a lot more costly when navigating an entire city as opposed to a set of bookcases. These costs are not only
manifested in terms of time, but also in terms of satisfaction, as more substantial
mistakes tend to be more frustrating.
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Future work

As shown by the shortcomings highlighted in section 4.1, there still is plenty of
research to be done before AR navigation systems truly come to be a part of
our daily lives.
As highlighted in section 4.1, one of the main shortcomings of this research is
the limited amount of participants. To improve on the representativeness of the
findings, a larger number of participants would be preferable in future research.
Another possible shortcoming highlighted in section 4.1 was the size of the
test environment. To fully understand the benefits and drawbacks of AR navigation systems, more research will have to be conducted in larger environments.
Expanding the range of the bookcase navigator to cover an entire library would
be a great goal to work towards. Simply expanding the range of the application
to cover a single floor could possibly yield new insights as well.
As for the bookcase navigator itself, modifications with regards to navigation
could include a search feature, which would allow the user to search for a specific
book. The book of interest could be highlighted in AR or users could be guided
towards the book by means of an actual path in AR.
There is also room for expansion unrelated to navigation to utilise AR in
more ways, resulting in a more commercially viable final product. Possibilities
include (but are not limited to) the ability to recognise a book and provide new
information on the spot (e.g. reviews, link to the relevant book in the iBooks
store, other books you might like) or new ways to interact with the library (e.g.
the ability to indicate to the library that you will be borrowing the book).
With the rapid advances in AR technology, widely available AR navigation
systems seem to be getting closer every day. While there still is a long way to go,
this research has hopefully been successful in yielding new insights with regards
to these systems and thus, provided a bump in the right direction.
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Appendices
Appendix A: Histograms of the selected product reaction cards
for both groups
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Fig. 10. Product reaction cards selected by the AR group.
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Fig. 11. Product reaction cards selected by the no label group.
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5.2

Appendix B: Dutch product reaction cards

Simplistisch

Uitnodigend

Schoon

Irrelevant

Neerbuigend

Niet waardevol

Benaderbaar

Gedateerd

Waardevol

Consistent

Saai

Moeiteloos

Uitgebreid

Stabiel

Makkelijk te
gebruiken

Motiverend

Meeslepend

Dominerend

Onsamenhangend

Tevredenstellend

Georganiseerd

Breekbaar

Toegankelijk

Verwarrend

Nuttig

Fris

Creatief

Relevant

Indrukwekkend

Ordinair

Energiek

Onveilig

Weinig onderhoud

Stimulerend

Enthousiast

Bemachtigend

Onconventioneel

Bestuurbaar

Exceptioneel

Voorspelbaar

Begeerlijk

Comfortabel

Onpersoonlijk

Zakelijk

Handig

Eﬀectief

Moeilijk

Frustrerend

Helder

Hinderlijk

Krachtig

Aanpasbaar

Lastig te gebruiken

Snel

Stressvol

Tijd besparend

Verbonden

Compatibel

Kalm

Ongewenst

Aantrekkelijk (qua
uiterlijk)

Eﬃcient

Slechte kwaliteit

Inconsistent

Onbestuurbaar

Vertrouwd

Overweldigend

Onvoorspelbaar

Complex

Zelfverzekerd

Slecht afgewerkt

Rigide

Innemend

Irritant

Druk

Verwacht

Steriel

Geavanceerd

Essentieel

Rechtdoorzee

Onbenaderbaar

Afleidend

Betekenisvol

Betrouwbaar (qua
uiterlijk)

Ouderwets

Intuïtief

Gloednieuw

Geïntegreerd

Onaantrekkelijk

Intimiderend

Tijd innemend

Veilig

Ineﬀectief

Behulpzaam

Te technisch

Optimistisch

Persoonlijk

Spannend

Professioneel

Hoge kwaliteit

Ontwrichtend

Gezamenlijk

Plezierig

Entertainend

Flexibel

Inspirerend

Langzaam

Aantrekkelijk (in
gebruik)

Begrijpbaar

Onbegrijpbaar

Dof

Responsief

Betrouwbaar (in
gebruik)

Gedistingeerd

Innovatief

Novel

Bruikbaar

Vriendelijk

Fig. 12. Dutch version of the product reaction cards.
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Appendix C: Dutch SUS questionnaire

Sterk
oneens (1)

2

3

4

1. Ik denk dat ik dit systeem
vaak zou willen gebruiken
2. Ik vond het systeem
onnodig complex
3. Ik dacht dat het systeem
makkelijk te gebruiken was
4. Ik denk dat ik
ondersteuning van een
technisch persoon nodig zou
hebben om dit systeem te
kunnen gebruiken
5. Ik vond dat de
verscheidene functies van het
systeem goed geïntegreerd
waren
6. Ik dacht dat er teveel
inconsistenties in het systeem
zaten
7. Ik kan me voorstellen dat
de meeste mensen dit
systeem snel zouden kunnen
leren te gebruiken
8. Ik vond het systeem zeer
lastig te gebruiken
9. Ik voelde me vertrouwd
terwijl ik dit systeem
gebruikte
10. Ik moest een hoop dingen
leren voordat ik aan de slag
kon met dit systeem

Fig. 13. Dutch version of the SUS questionnaire.

Sterk mee
eens (5)
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5.4

Appendix D: MANOVA assumption tests

Residuals Statistics
Minimum
Predicted Value
Std. Predicted Value
Standard Error of
Predicted Value
Adjusted Predicted Value
Residual

a

Maximum

Mean

Std. Deviation

N

-,08

1,18

,50

,398

16

-1,454

1,710

,000

1,000

16

,117

,249

,181

,037

16

-,14

1,26

,50

,419

16

-,460

,695

,000

,329

16

Std. Residual

-1,249

1,887

,000

,894

16

Stud. Residual

-1,474

2,079

-,003

1,021

16

-,641

,892

-,003

,432

16

-1,560

2,488

,045

1,137

16

Mahal. Distance

,581

5,908

2,813

1,503

16

Cook's Distance

,000

,386

,078

,111

16

,039

,394

,188

,100

16

Deleted Residual
Stud. Deleted Residual

Centered Leverage Value

a. Dependent Variable: LabelType

Fig. 14. The maximum mahalanobis distance (5,908) appears to be below the critical
value (9,4877). Thus, there are no outliers.

Tests of Normality a
Kolmogorov-Smirnovb
Statistic
df
Sig.

Statistic
*

Shapiro-Wilk
df

Sig.

Efficiency

,122

16

,200

,927

16

,215

SUScore

,139

16

,200 *

,942

16

,369

Satisfaction

,335

16

,000

,719

16

,000

*. This is a lower bound of the true significance.
a. Effectiveness is constant. It has been omitted.
b. Lilliefors Significance Correction

Fig. 15. Shapiro-Wilk’s p-value only appears to be below 0,05 for the satisfaction
variable. Thus, the satisfaction variable is not normally distributed within the sample.
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Satisfaction

NoLabel

Effectiveness
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Satisfaction

AR
Satisfaction

SUScore

Efficiency

Effectiveness

Fig. 16. No plots in the matrix of plots show square-shaped scatter plots. Thus, there
appears to be a linear relationship between all dependent variables.
Correlations
Effectiveness
Effectiveness

Pearson Correlation

.a

Efficiency

Pearson Correlation

SUScore

Pearson Correlation

.

.

.

16

16

16

16

.a

1

-,448

,195

,082

,469

.

Satisfaction

Pearson Correlation
Sig. (2-tailed)
N

.a

16

16

16

16

a

-,448

1

-,292

.

Sig. (2-tailed)
N

Satisfaction

.a

Sig. (2-tailed)
N

SUScore

.a

Sig. (2-tailed)
N

Efficiency

.

,082

16

16

16

16

a

,195

-,292

1

.

,469

,273

16

16

16

.

,273

16

a. Cannot be computed because at least one of the variables is constant.

Fig. 17. There does not appear to be enough of a relationship between efficiency and
satisfaction, since the Pearson Correlation is just below 0,2.
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Levene's Test of Equality of Error Variancesa
F
Effectiveness
Efficiency
SUScore
Satisfaction

df1

df2

Sig.

.

1

14

.

,674

1

14

,425

2,232

1

14

,157

18,907

1

14

,001

Tests the null hypothesis that the error variance of the
dependent variable is equal across groups.
a. Design: Intercept + LabelType

Fig. 18. There appears to be no homogeneity of variance-covariance matrices for the
satisfaction variable, since its p-value is below 0,05.

