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Abstract. This article comprises a study on user experience when interacting
with different modes of mobile interfaces. Our emphasis is on application
instances commonly found in mobile app stores, which utilize sensor-based
augmented reality or two-dimensional zoomable maps to visualize points of
interest (POIs) in the vicinity of the user. As a case study, we developed two
variants of an Android application addressed to public transportation users. The
application displays nearby transit stops along with timetable information of
transit services passing-by those stops. We report findings drawn from an
empirical field study in real outdoors conditions. The evaluation findings have
been cross-checked with logged (usage) data. We aim at eliciting knowledge
about user requirements related to mobile application interfaces in this context
and evaluating user experience from pragmatic and affective viewpoints.

Keywords: Augmented reality �Map interface � Public transportation �Mobile
application � User experience � User evaluation

1 Introduction

Recent developments in mobile computing (such as the wide penetration of mobile
devices equipped with camera, GPS receiver and inertial sensors) shaped a favorable
technology landscape for mobile augmented reality (MAR) applications. MAR services
provide a novel interface to the ubiquitous digital information in the physical world,
hence serving in great variety of contexts such as tourism, cultural heritage, games,
advertising, etc. [1]. The ongoing rise of AR is evidenced from the large body of
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publications describing MAR demonstrators [1], the multitude of MAR apps in the
mobile application markets, as well as the proliferation of publicly available MAR
frameworks, such as Wikitude1, Android Augmented Reality Framework2, etc.

A considerable share of MAR applications are location (sensor)-based. The
majority among them inherently provide means for superimposing virtual objects on
the physical environment framed by the device’s camera; for instance, floating markers
placed upon nearby points of interest (POIs). Such MAR interfaces become more and
more prevalent, commonly substituting conventional map visualizations.

The research questions addressed in this article are: (a) whether the MAR paradigm
indeed involves a more natural and intuitive interface than that of conventional
two-dimensional maps; (b) what is the actual quality of experience perceived by mobile
users; (c) what are the most desired characteristics of each paradigm, i.e. what makes a
practical, intuitive and stimulating user interface. Our focus is on outdoors, ‘on-the-go’
applications; namely, on instances aiming at assisting users to easily locate and con-
sume information of interest.

To support our research objectives, we have implemented the mobile application
Transit Assistant addressed to the users of the Athens (Greece) metropolitan public
transit network. Transit Assistant is offered in two variants, one featuring a standard 2D
zoomable map interface and another based on sensor-based MAR technology to dis-
play transit stops. Note that another MAR-based application tailored to public trans-
portation users (solely indicating bus stop locations) has been recently presented by
Nurminen et al. [3]. Unlike our work, the aim of the authors has been to compare the
MAR application against a variant based on augmented virtuality.

Our emphasis has been on studying the utility and experience perceived by users
interacting with those two mobile application interfaces. We have conducted user
evaluation trials with 22 participants in realistic outdoors conditions, aiming at
answering the above discussed research questions; to the best of our knowledge, this is
the first empirical study that compares the two mobile interface paradigms (i.e. MAR
vs. Map-based interfaces) under real-world conditions in this particular setting.

The remainder of this article is structured as follows: Sect. 2 reviews research
relevant to our work. Section 3 discusses design considerations and implementation
details about the two variants of Transit Assistant. Section 4 discusses evaluation
results and analyzes logged data, while Sect. 5 concludes the paper.

2 Related Work

Α key advantage of mobile digital maps compared to the ‘traditional’ paper-based map
forms (further to offering multiple zoom levels and map data search) is their capacity to
display layers of dynamic geolocative information [7] such as POIs in the vicinity of the
user’s estimated position. Efforts have been made to improve the usability of mobile
map interfaces (from rendering, interaction and performance points of view) [8], support

1 http://www.wikitude.com/.
2 https://code.google.com/p/android-augment-reality-framework/.
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non-visual space perception means for visually impaired users [2], incorporate waypoint
navigation instructions [5], investigate appropriate means of interaction for pedestrian
navigation applications [6], etc.

The MAR paradigm suggests an alternative way for visualizing information about
nearby POIs via mobile interfaces. Numerous mobile applications adopting this para-
digm are already in offer through app marketplaces. Recent research involved usability
studies on MAR applications aiming at understanding the expectations of potential end
users, their perceived experience and factors affecting user acceptance when using
MAR services [1, 4, 10].

Nevertheless, empirical studies comparing the relevant (dis)advantages of MAR vs.
map-based mobile interfaces are still scarce. So far a few relevant studies have been
reported in the specific domain of pedestrian navigation [6, 9]. Our research focuses on
a -very common- application scenario which involves the display of nearby POIs. The
properties of this scenario are essentially different than those of navigation. Firstly, the
(AR) virtual content superimposed on the device’s camera is interactive (clickable) in
our case. Secondly, pedestrian navigation applications are rather task-intensive and
engage the user attention for prolonged time; on the other hand, the locate-nearest-POIs
applications suggest a more relaxed interaction model with shorter usage sessions and
could be used to mediate the experiential exploration of the surrounding environment.

3 Transit Assistant: Design Considerations
and Implementation Issues

The mobile application developed in the framework of our research aims at providing
assistance to the users with regard to accessing and receiving timetable information
about the transport network of Athens, Greece. In particular, it includes two inde-
pendent environments for locating nearby transit (bus, metro, tram, suburban railway)
stops; it also provides information about departure times of transit services passing by
selected stops in the ensuing time period, along with their end-to-end routes (i.e.
resembling the information typically projected on dedicated monitors mounted on
‘smart stops’). The application is compatible with timetable data formatted based on the
GTFS (General Transit Format Specification3) standard and provided by local transport
operators or transportation authorities.

App Architecture. Most mobile applications that leverage GTFS data adopt the
client-server model, where the data tier is kept at the server side (due to its considerable
size4) and queried by remote clients. Instead, we investigated the feasibility for
implementing a standalone application (i.e. storing the GTFS data locally in order to
relax the requirement for network connectivity), as dictated in the user requirements
specification phase. Having set appropriate database indices, performance tests on the

3 https://developers.google.com/transit/gtfs/.
4 For instance, the GTFS feeds for the metropolitan transport networks of Athens and Paris are
151 MB and 721 MB, respectively. The database storing the Athens GTFS data occupies 278 ΜΒ
(due to the redundancy introduced by indices used to speedup information search).
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standalone application indicated satisfactory responsiveness even on fairly modest
mobile devices.

App Design. The MAR environment is rendered on the mobile device interface
through superimposing virtual objects over real-world POIs. The screen displays a
real-time -rear- camera view and visual indications of POIs (markers) are overlaid on
the real transit stop locations. The marker icons illustrate the type of the respective
transit stops and are accompanied by an info window indicating the transit stop name as
well as its distance from the current user’s location.

A ‘collision avoidance’ method has been employed to avoid overlaps among
marker icons in environments overcrowded with POIs. A ‘radar’ in the upper left side
of the screen informs the user about nearby stops, including those which fall out of the
user’s field of view. Finally, a scrollbar on the right adjusts the maximum range for
locating stops around the user, hence filtering the MAR markers and the pointers
shown in the radar accordingly (see Fig. 1a). The implementation of the MAR pro-
totype has been based on the Android Augmented Reality Framework.

The map-based environment is based on a 2D Google Maps interface superimposed
by markers similar to those used for the MAR environment; due to the high overlap
among markers associated with neighbouring stops, we opted to omit information about
the stop’s name and the distance from the user (this can be displayed by tapping on the
markers). A shaded circle centred at the user’s location clearly denotes the search range
for locating stops, similarly to the radar used in the MAR view (see Fig. 1b).

(a) (b)

(c)

Fig. 1. (a) The MAR interface; (b) the map interface; (c) transit services’ schedule information
for a selected bus stop.
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In both environments, the tapping upon a marker triggers the opening of a sliding
drawer which contains information about the departure times of transit services
scheduled to pass through the respective stop (see Fig. 1c). Last, the application offers
auxiliary functions such as filtering stations by transit service type, walking directions
towards a selected transit stop, or public transport directions to an arbitrary location
pointed on the map. A demo of Transit Assistant is available from: https://www.
youtube.com/watch?v=dOfltVo7_Eo.

4 User Evaluation

We have conducted a field trial of the two mobile application variants using as a case
study the public transportation network of Athens, Greece. 22 participants (10 men,
12 women) installed and tested the application in their own devices. 8 participants
belonged to the age group 21–30 and 14 in the age group 31–40. Only 5 participants
have had familiarity with the MAR technology (they had used at least once in the past a
MAR application, yet, irrelevant to public transportation). The participants have had
moderate (9) to very good (13) familiarity with the transportation network in Athens.
Upon the completion of the testing period, the participants filled out a questionnaire
which contained questions aiming at comparing the impression and quality of expe-
rience perceived by utilizing the two offered modes of interaction. Although the
questions have been closed-ended, most allowed to attach short free text to elaborate
further and provide explanations on answers provided.

Indirect Comparison. Firstly, the participants have been asked to separately evaluate
the two environments responding to a common set of questions. That served as a means
of ‘indirect’ comparison among the two interfaces. The participants found both envi-
ronments relatively pleasant, usable and useful (see Table 1). Their in-between com-
parison shows that the MAR environment has been appreciated more than the map
interface with respect to usage enjoyment with some respondent comments referring to
original and uncommon interaction experience. No significant difference has been
reported as regards to the perception of usability among the two environments,
although some respondents underlined their higher degree of familiarization and con-
fidence with map environments. Yet, the utility of the map interface has been valued
more, on average, with a few participants justifying their view by the better perception
of the surrounding area (topographic information, street names) conveyed by maps.
Last, no significant difference has been measured as regards the cognitive effort
required to determine the location of stops relatively to the user’s location.

When prompted to characterize each environment in one sentence, the verbalization
has been around the concepts of entertainment and innovation for MAR (e.g. ‘fun’,
‘interesting’, ‘original’, ‘groundbreaking’) and around the concepts of intimacy and
usefulness (e.g. ‘familiar’, ‘ordinary’, ‘helpful’) for the map interface.

Direct Comparison. The next section of the questionnaire involved a more direct
comparison in the sense that respondents have been invited to explicitly compare the
two evaluated environments with respect to several criteria (see Table 2). Participants
appeared bifurcated as regards the easiness in using the two interfaces. The MAR
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environment clearly prevailed as regards the fun element of application usage (although
the fact that it has been new to most users could have somewhat biased their response).
Notably, half of the participants indicated preference on the map environment (mainly
due to the higher level of familiarity with alike applications) with a 30 % favoring the
MAR environment.

A next set of questions focused on the users’ perception of markers due to their
critical standing as the main means of interaction in both interfaces (see Table 3). The
participants found the MAR markers more functional and conspicuous with some
arguing that they have been more informative (as they additionally included bus stop
name and distance info) and discernible (due to being more sizeable and not over-
lapping among them). On the other hand, the participants indicated -slight- preference
on the map environment as regards the ease in interacting with (tapping on) the markers
with some stressing out their ‘stability’ as opposed to the floating MAR markers whose
positioning has been very sensitive to devices’ orientation changes (yet, some opposite
views highlighted the significant overlap often noticed in the map interface which
required the adjustment of the zoom level in order to distinguish individual markers).
The MAR interface has been favored by the majority of respondents as regards to the
ease in locating nearby transit stops, with some respondents stressing the more natural
orienteering offered by MAR (as it directly conveys the direction towards a transit stop)
and the fact that it displayed stop names without having to tap on a marker. Some users
expressed opposite views arguing that the map interface offered a broader view of area
illustrating all nearby stops without requiring any rotation (also noting that the radar of
the MAR environment did not compensate that deficiency). Finally, most evaluators
found it easier to reach specific transit stops using the map environment, especially
when being in unfamiliar settings or in areas with complicated street layouts which are

Table 1. Indirect comparison among the two environments, using a Likert scale: 1–5 (1:Not at
all, 5: Very much).

Statement Median Average
ΜAR Map ΜAR Map

S1 The environment has been pleasant to use 4 4 4.2 3.7
S2 The environment has been usable 4 4 3.8 3.9
S3 The environment has been useful 4 4 3.6 4.5
S4 The environment required cognitive effort to

identify the location of stops relatively to my
location

3 3 2.6 2.7

Table 2. Direct comparison among the two environments.

Question ΜAR Map Εqually

Q1 Which environment did you find more easy to use? 45.5 % 45.5 % 9 %
Q2 Which environment did you find more pleasant to use? 90.9 % 9.1 % 0 %
Q3 Which environment did you prefer? 30 % 50 % 20 %
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hidden in the MAR view. On the other hand, the MAR interface has been found more
convenient to reach stops which lied within the users’ field of view.

A last question elicited the evaluators’ attitude with regards to the prospect of a
third application variant featuring a dual (combined) MAR/map view. Most (72.7 %)
participants appeared positive towards such a design approach with the remaining
27.3 % arguing that the offering of a single environment serves adequately the appli-
cation purposes.

Interpretation of Logged Data. Aside the qualitative evaluation conducted through
compiling questionnaire data, we have complemented our study by analysing
-application usage- logged data. These include (separately for each evaluated envi-
ronment) recording the usage session duration, the number of successful and unsuc-
cessful taps on available markers and the number of zoom level adjustments on the map
interface.

Most participants spent more time in the MAR environment (67.6 % of the overall
application usage, on average). However, this should probably not be interpreted as an
indication of preference but, rather, as a sign of experimentation with an unfamiliar
environment which requires more time to explore.

The logging of (un)successful taps on markers demonstrates prevalence of the map
environment. Note that an ‘unsuccessful tap’ is the one that does not trigger the event
handler of any consumable interface control (e.g. markers, buttons, menu items, etc.).
Specifically, only a 26.6 % of taps have been successful in the MAR environment, a lot
lower than the 75.6 % measured in the MAR interface. However, it must be taken into
account that most evaluators have been inexperienced with MAR applications, hence, it
would be possibly fairer to observe those numbers over longer periods of usage.
Besides, the assumption that unsuccessful taps could be attributed to experimentation
with the interface’s behaviour should not be excluded. The same holds for the possi-
bility that several unsuccessful taps on the map interface have not been captured as
such; for instance, the case of tapping a wrong marker due to the common overlaps
among markers in the map environment should be investigated. In any case, the sig-
nificant difference measured among the two interfaces should somewhat reveal the
difficulty of users to target the floating MAR markers despite their bigger size, as also

Table 3. Comparison among the markers of the MAR and map-based environments.

Question ΜAR Map Equally

Q4 Which environment’s markers did you find more
usable?

54.5 % 27.3 % 18.2 %

Q5 Which environment’s markers did you find more
conspicuous?

63.6 % 27.3 % 9.1 %

Q6 Which environment’s markers did you find most
easy to tap on?

27.3 % 45.4 % 27.3 %

Q7 Which environment did you find easier to locate
nearby transit stops?

50 % 40 % 10 %

Q8 Which environment did you find easier to reach a
specific transit stop?

27.3 % 45.4 % 27.3 %
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claimed in some questionnaire forms. Another explanation could be the typically
inconvenient use of MAR applications which engage one hand for holding the device
in a rather unstable position letting the other to tap on the user interface. On the other
hand, the map interface (and markers) are not affected from changes on devices’
orientation; besides, it may comfortably be used by placing the device on a fixed stand
(e.g. a table) without compromising its functionality.

5 Discussion

In this article we presented design decisions and implementation details relevant to
Transit Assistant, a mobile application which addresses practical requirements of public
transport users (visualization of nearby transit stops along with timetable information of
transit services passing-by those stops). Our emphasis has been on studying the utility
and experience perceived by users interacting with MAR vs. map-based mobile
application interfaces. To some extent, our empirical findings controvert the enthusi-
astic views widespread among the mobile developers community which suggest the
unreserved use of MAR in any application context, mainly motivated by its unique
natural interaction model. Our field study revealed some of the strong and weak traits
of each evaluated interface paradigm when employed in alike applications.

MAR interfaces have been shown to offer an enjoyable, intuitive interaction model
(still commonly unknown to mobile users); this serves well the purpose of directly
linking digital content with the user’s physical environment thereby enabling the
experiential exploration of the surrounding elements. The offering of improved sense of
orienteering relatively to surrounding physical elements (e.g. unambiguous interpre-
tation of the direction towards a POI) should be regarded as another strong aspect of
sensor-based MAR applications. Last, existing MAR frameworks may well address the
-undesirable- effect of overlaps among markers; this frees space in the device’s screen
and allows to accompany the marker with additional useful information (e.g. stop name
and distance information in the case of Transit Assistant).

Map interfaces suggest a well-established interface mode, fairly familiar to the
majority of mobile web users. To this end, map-based environments represent a reliable
and practical option for POI-searching mobile applications. The map interface has been
shown to be susceptible to marker congestion problems especially in settings featuring
dense presence of POIs (yet, this problem could be mitigated through employing
marker grouping techniques); in turn, this compels the adjustment of the zoom level so
as to separate individual markers. Furthermore, map environments overcrowded with
POIs allow no visual space to attach extra information to the markers; hence, the users
are often required to tap on several markers only to display their respective info
window and be able to locate a particular POI. On the other hand, mobile maps help
users not to miss important information and obtain an overview of a larger territory
(e.g. perceive the topological context, view street names, etc.). This feature (along with
the higher degree of familiarization) has been mostly appreciated by the evaluators of
the map-based interface involved in our field trials.

Overall, the two environments tied with respect to usability criteria. Nevertheless,
the field study participants highlighted the fun element and the natural interaction
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model of the MAR application, but also appreciated the familiarity and practicality
aspects of the map interface. It appears that the practical qualities of the map-based
mode have been valued more as the majority of users argued that it would be more
useful to support their everyday activities.

In conclusion, MAR interfaces still need to resolve major usability issues until they
can be regarded as undisputable substitute of traditional map-based interfaces. Until
then, mobile developers should be cautious when deciding upon the appropriate
interaction mode, carefully evaluating their application requirements per case and
weighing all involved human/usability factors. Furthermore, current developments in
mobile and wearable computing set new standards and create opportunities for the
effective employment of MAR. Most likely, emerging devices like smart glasses
(which involve principally different methods for interacting with digital content) will
essentially affect the quality of experience perceived by users. As a next step in our
research, we intend to investigate this issue.
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