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ABSTRACT
In recent years, the growth of the travel industry has been
astounding. Yet, it is still not easy for an individual to have a
meaningful travel experience even, so vast amounts of
information are available on the web. As an attempt to support
travel decision-making and improve visitor’s experience, we
designed Where2. Where2 is a location-based mobile app that
highlights Points of Interest (POI) customized to tourist’s travelrelated attributes (e.g. the length of their stay). POIs are in-situ
recommendations proposed as “Ghost Paths” journeys - the idea
that you can follow a prior tourist shoes to explore the city. We
generate “Ghost Paths” journeys by using a non-intrusive
positioning system that captures prior tourists’ Wi-Fi signal and
detect their journeys across the city. With this system our goal is
to support visitors with their travel decisions and nudge them
towards optimal journey choices that maximize their utilities.

CCS CONCEPTS
• Human-center computing → Ubiquitous and mobile
computing; Human Computer Interaction; Interaction Design.
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INTRODUCTION

Travel and tourism tendencies are changing fast. While decades
ago, travelers were constrained to pre-defined travel plans [8], the
advancement of technology has change how travel information is
delivered from sources to tourists, leading to a substantial growth
of tourist information systems [14, 17]. Nowadays, travelers rely
on search and social engines to obtain information about travelrelated attributes (e.g. points of interest and travel expenses) and
determine and maximize the utility of every choice alternative [1].
One limitation of travel guides or blogs is that, they do not make
inferences about user's preferences and merely focus on delivering
as much information possible to satisfy the interests of the

majority [4]. They rely on people’s will to engage in seeking
information and reflect on options available to find the “best-fit”.
However, one might notice that providing information might not
lead to better judgments and decisions [7, 16]. The existence of
many choices for a specific decision makes it difficult to weigh
and choose and engaging with data is a laborious process that
often leads to disengagement [7]. In a nutshell, bounded
rationality prevents people to maximize their utilities in every
given choice and poor choices can lead to a poor experience that
can push visitors to move elsewhere.
In recent years, a variety of technologies have been developed in
academia [11,15] as well as in industry to help individuals to find
travel information [21, 22, 23]. Google Maps, for instance,
revolutionized online mapping service applications with real-time
position information and detailed information of locations,
including photos, reviews and comments [3]. Crowdsourcing
applications like Tripadvisor [18] or Yelp [19] are often used for
travel inspiration before planning. They offer the possibility to
effectively plan trips by discovering activities deduced from user
generated content (UGC) such as comments, ratings, photos and
videos. These sources enable travelers to combine knowledge and
experiences from previous visitors to their own preferences,
leading to an increased satisfaction and confidence in their travel
decisions [4]. Yet despite the potential, research has recently
questioned the credibility of UGC systems. A case study on
Tripadvisor has demonstrated that UGC content is repeatedly
compromised to enhance the business reputation (e.g. restaurants)
or damage competitors’ status [10]. A recent study classified it as
non-fully- tourist-oriented since only a small number of travelers
engage in content contribution [13]. And further research,
highlighted the challenge of assessing contributor’s evaluations,
since review’s content might merely reflect the overall experience
and fail to denote different service’ features [12]. Moreover,
biases as the halo effect (e.g. overly positive view of a particular
situation or person), the recency bias (i.e. rating based on the most
recent performance) or the peak-end rule (i.e. relying on the most
extreme point and the end of the episode to evaluate the overall
experience) [37], significantly bias the overall assessment of the

experience, specially when combined with the reliance on users’
memory of the experience [12, 13].
In response, research has been making great strides facing the
challenges of unreliable subjective reviews and information
overload. For instance, COMPASS [15] and GUIDE [11], two
context-aware tourist guides, offer a service to travelers centered
into four requirements: flexibility (i.e. enabling visitors to explore
different options), context-aware information (i.e. providing
custom-fit options, suited to their location), support for dynamic
information (i.e. providing daily specials attractions) and support
for interactive services. In line with this research, we also envision
a more dynamic travel interaction through a system able to
understand tourist’s needs, offer services that suit their
preferences and facilitating decision without involving a lot of
effort. Our focus is to help travelers to be more spontaneous when
they arrive at their destination, while providing information that
match to their preferences. We propose a different approach to
existing travel guides. We take advantage of a non-positioning
system to capture prior tourists’ journeys and collect travel related
attributes (e.g. points of interest visited during their length of the
stay). We analyze footprints of prior visitors to understand how
travel behavior changes based on the value of it attributes (e.g.
which locations travelers tend to visit based on the length of their
stay, companionship or travel expenses) and create custom travel
profiles accordingly. We use those footprints to generate “Ghost
Paths” journeys - in situ and objective recommendations from
prior visitors that provide guidance on how people can visit the
city to attain the full potential of their travel.
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WHERE2

We propose Where2 as a mobile app (i.e. a smartphone with GPS
and Wi-Fi capabilities) able to infer user’s location and changes in
their journey to alert our visitors to POIs nearby (see Fig 2 – Left
Side). The framework of this research it is based on two main
novel components: a non-positioning system that collects data
from prior traveler's visits, and the "ghost paths" mechanism that
generates footprint journeys as travel guide recommendations.

2.1 Non-positioning system
Non-position systems can avoid issues of subjective reviews by
providing accurate information from performance (i.e. observable
and objective behaviors), which can considerably improve travel
decision-making [9]. The exploration of non-positioning systems
is not novel. Previous research has explored technologies such as
Bluetooth, RFIDs [39], GSM [40] and Wi-Fi technology to
capture and observe spatio-temporal mobility data, such as daily
commutes, flock detection, route planning or analyzing waiting
times [24, 25, 26, 27, 38]. An example of a review that could be
provided by a non-intrusive system, might be “78% percent of
tourists take 10 minutes from the cable car station to the market”,
which is clearer and more objective than a simple “a short walk”.
In this work, we use Beanstalk [27], a non-intrusive positioning
system that obtains non-volunteered geographic information by
taking advantage of the signal emitted by people’s Wi-Fi devices
(e.g. mobile phone). Individuals are tracked based on passive WI2

FI signals sent to one of the 80 WI-FI scanners (routers) scattered
in POIs throughout the island. By assessing and mapping
individual’s passerby in specific stopovers (e.g. the harbor or a
famous market), Beanstalk is able to track individual journeys and
the flow of people across the city (see Fig 1, Fig. 2 right side).
Visitors are identified by the device’s mac addresses (which is
unique and stored anonymously for privacy concerns). Travelers’
visits are stored as individuals travel journeys. To comprise rich,
journey-oriented travel information, we merely focused on tourist
journeys data, distinguished by the signal sent by their device.
To address ethical and privacy issues in the design and use of nonpositioning, we priory assured that Beanstalk encrypts users’
personal data. Moreover, one prerequisite of our system involve
an informed consent, which describe the data collected and it
purpose [35, 36].

Figure 1 - Non-positioning system components [2].

2.2 Ghost Paths" Journey
We designated as “Seasonal Ghost Paths” the journeys from prior
tourists that are automatically generated by the non-intrusive
positioning system (see Fig 2). To customize the journeys
provided, we request our users to fill out a visit form, prior to their
trips with the goal of generating a travel profile and rate the
Points of Interest (POI) in the end of their visit. The profile form
comprises information about the length of the stay, estimated
budget, companionship (i.e. family or friends), transportation
mode and season. The application uses this information to filter
prior tourist journeys data and select services that could fill the
requirements for different types of travelers, by using a weight
combination approach of it values. The rating form, aims to assess
how satisfied the tourist visiting a specific stopover and
understand it experience after their visit (in order to exclude poor
experiences form the “Ghost Paths” journeys).
We categorize travel journeys base in different travel attributes:
length of the stay, travel expenses, companion, season,
requirements (e.g. cultural experience, adventure, etc.) and
location. Currently, we explore a weighted hybridization approach
to generate travel profiles: at first the system provides equal
weights to all the attributes and then adjust it values as the
predictions are met [6]. Our goal is to combine two different types
of knowledge: content-based (e.g. what users like) and
knowledge-based (e.g. what better suits their needs).
Following Kandampully [8] suggestion on “service packaging”,
we incorporated both service quality and demand by selecting a
custom-made journey, from one specific past traveler stops
elected from our database. For example, a tourist visiting the city
during Carnival will be suggested to watch the Carnival parade,
besides others tourist attractions in a specific day. This
recommendation is grounded on a journey of a prior tourist that
visited the island a year before, who also filled out the travel

profile with similar attributes (e.g. length of the stay, season of the
visit and travel expenses) and rate the parade as a good attraction.
In case that the system is unable to find a similar profile, the
system ask to the user if he wants to adapt the travel profile in
terms of budget, or if he prefer to take a more generalized “go
with the flow” journey. To provide a general journey, the system
collects the most visited venues in the same time interval and
generates a journey that is conceivable for new visitors in terms of
time, transportation mode and companion.
Path Presentation: To present the “Seasonal Ghost Path”, the
system infers the user’s current location, and presents the activity
or venue that can be initiated or reached from the current position
(see Fig 2- Left Side). To facilitate decision-making and make the
experience more enjoyable, the complete path is hidden from the
user and it is only shown gradually as the tourist reaches a new
POI, similar to a location triggered scavenger hunt (see Fig 2Left Side). These decisions occur when tourists are selecting tour
journeys or making a real-time decision (e.g. modifying the initial
plan on the basis of interactions with the destination's
environment, people, or post-tour extensions [28].
Path Selection: When facing a hunt clue, if the user can accept the
suggestion, Where2 will show the new route using Google Maps.
If the user denies it, the system will redirect him to a journey from
other traveler (instigated from the current location or its
surrounding), allowing him to explore other options. We follow
Paay’s et. al. [11] idea of transitory search - “the ability to start
with a vague idea, view and compare intermediate results and
then reformulate preferences and criteria until you find an activity
that sufficiently suits the situation”. As a deviation from a premeditated path can impact the POIs visited (e.g. one POI could
take longer time to explore and prevent another POIs from being
visited given the visiting hours), when the user explore other
POIs, we frame the information in terms of gain and loses [5, 16]
to emphasizes choice outcomes and trigger user’s reflection (e.g.
“Deciding to explore the natural pools now could limit your
visiting time in the whale museum (closes at 5pm)” or “visiting
the theater today will reduce potential waits (15 minutes) than
tomorrow (week day”). Moreover, as people are influenced by
default choices [16], the most suitable option is always preselected. Lastly, Where2 includes the ability to adopt food detours
into the journey paths, to allow users to be flexible about their
food choices and places (see Fig 2 - Right Side).

3 Study
To gain an initial understanding of users expectations towards the
app and understand how they would interact with the system, we
conducted a questionnaire-based survey with 20 participants. All
participants were habitual travellers or travelled to a different
country at least once. Participants were not compensated by their
participation. The questionnaire comprised 16 questions and
aimed to understand what do travellers look for in a travel app,
how do they search for activities in a new location (before and
during the trip), what kind of traveller type they are (i.e.
adventurous or cautions) and what did they perceived as positive
and negative features of Where2.

3.1 Results
The majority of participants considered themselves as cautious
travelers (65%, N=13) and reported seeking information about
activities to perform in a new location before the trip (65%,
N=13). As expected the main purpose was to maximize the
number of activities performed/places visited, to draft a travel
path and to find the best activities available. In turn 30%
participants (N=5) search for information before and during the
trip in order to explore the surroundings, reorganize the route (for
instance, when coping with a setback such as a delay, bad
weather), to gain a better insights of what to do nearby or to
explore an alternative that was not considered before the trip. One
user (5%) reported seeking information during the visit for the
same reasons.
Participants’ search was made mostly using Tripadvisor (45%,
N=9), Google (Maps combined with Google Trips) (35%, N=7),
travel blogs (15%, N=3) and Lonely Planet (10%, N=2), among
others. Regarding Where2, participants reported being likely to
use and rely on Where2 on a future trip (averaging score 3.6 on a
5 point scale). When asked about the strong points of the
application, participants mentioned: simplicity (regarding
usability and mental effort demanded), flexibility, the surprise
effect and the ability to visit a new place having an itinerary that
was not priory planed (i.e. saving time). In turn, the weak points
were the lack of users’ reviews, the inability to share a route, the
lack of flexibility to personalize a route, the size of the screen and
the burden caused by swiping repeatedly (P[7] “The process of
looking for a restaurant would take too long if it’s being shown
one by one”). Yet, all in all, participants revealed great interest in
the use of the app.

4 Conclusions and Future Work

Figure 2 – Left and middle image represent the suggestion of
the "Ghost Path" and the Food detour option, while the image
on the right displays an example of a “Ghost Path”.

While the growth of the travel industry has been astounding, it is
still not easy for an individual to have a meaningful travel
experience by analyzing vast amounts of information are available
on the web. In our understanding, current travel systems rely too
much on user’s motivation to inspect information to make
decisions or are biased by subjective reviews. With research
showing that 85% of travelers seek for travel insights during their
trip and decide on activities after having arrived at the destination
[20], we designed Where2 - a mobile app that maps user-
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generated travel journeys from prior visitors, offering a unique
travel experience that fits to their travel-utilities during their visit.
For this purpose, Where2 provides “Seasonal Ghost Paths”, POIs
recommendations that allow fresh visitors to explore places
guided by the journeys of previous travelers. Where2 provides two
novel perspectives for the design of travel recommender systems.
The first contribution is the ability of keeping and weighing more
strongly updated journeys of recent travelers "Ghost Paths",
helping to provide efficient and customized journeys. And the
second contribution is it ability to evade subjective reviews, one
of the main problems from other well-known travel sources [9].
To understand users’ expectations towards Where2, we conducted
a preliminary study that allowed us to identify users’ needs,
preferences and content requirements before it development in the
wild. Our future work has two main objectives. The first one is
conducting user experience interviews to evaluate prior traveler’s
experiences at each point of interest, enhancing the value of the
path that might be suggested in the future. For this purpose, our
aim is to reach tourists in exit points of the city (i.e. airports and
ports) and collect quantitative data (by asking visitors to rank of
venues visited) and qualitative data (inquiring users about their
experiences and additional insights). Our second main goal is to
deploy Where2 in the wild. Currently we are assuming that the
data collected during the last 17 months is a good starting point to
generate a vast catalog of journeys from all types of travelers. Yet,
our goal is to collect more data from the non-intrusive positioning
system during the next 8 months before releasing and testing our
app.

Acknowledgment
This research was supported by ARDITI under the scope of the
Project M1420-09-5369-FSE-000001 PhD Studentship. We thank
Deise Faria for her feedback.

REFERENCES
[1] Avineri, E. (2012). User’interpretation of travel information and implications for
system design. Proceedings of the 6th ACM workshop on Next.
[2] Beanstalk: http://beanstalk.m-iti.org/about/.
[3] Google Maps:
https://www.google.pt/maps/@32.6606313,- 16.9299579,15z?hl=en.
[4] Gretzel, U. and Yoo, K. (2008). Use and impact of online travel reviews. and
communication technologies in tourism. 35–46.
[5] Hansen, P. and Jespersen, A. (2013). Nudge and the manipulation of choice: A
framework for the responsible use of the nudge approach to behaviour change in
public policy. Eur. J. Risk Reg.
[6] Isinkaye, F., Folajimi, Y. and Ojokoh, B. (2015). Recommendation systems:
Principles, methods and evaluation. Egyptian Informatics Journal. 16,3, 261–273.
[7] Kahneman, D. (2011). Thinking, fast and slow.
[8] Kandampully, J. (2000). The impact of demand fluctuation on the quality of
service: a tourism industry example. Managing Service Quality: An International.
[9] Kjeldskov, J. and Paay, J. Just-for-Us: A Context-Aware Mobile Information
System Facilitating Sociality.
[10] O’Connor, P. (2008). User-generated content and travel: A case study on
Tripadvisor. com. Information and communication technologies in tourism.
[11] Paay, J., Kjeldskov, J., Skov, M. B., Nielsen, P. M., &
Pearce, J. Discovering activities in your city using transitory search. In
MobileHCI'16 (pp. 387-393)..
[12] Pekar, V. and Ou, S. (2008). Discovery of subjective evaluations of product
features in hotel reviews. Journal of Vacation Marketing.
[13] Preece, J., Nonnecke, B. and Andrews, D. (2004). The top five reasons for
lurking: improving community experiences for everyone. Computers in human
behavior. 20, 2, 201–223.
[14] Schmidt-Belz, B. and Poslad, S. (2003). User validation of a mobile tourism
service.
4

[15] Van Setten, M., Pokraev, S., & Koolwaaij, J. (2004). Context-aware
recommendations in the mobile tourist application COMPASS. In AH'04 (pp. 515548)..
[16] Thaler, R. and Sunstein, C. (2008). Nudge: Improving decisions about health,
wealth, and happiness. Constitutional Political Economy. 19, 4.
[17] Tjostheim, I., Tussyadiah, I. and Hoem, S. (2007). Combination of information
sources in travel planning a cross-national study. Information and Communication
Technologies in Tourism . 153–162.
[18] TripAdvisor: https://www.tripadvisor.com.br/.
[19] Yelp: https://www.yelp.com/sf.
[20] Google/Ipsos Connect, travel playbook omnibus, base: U.S. travelers 18+,
n=1,664, Apr. 2016.
[21] Schöning, Johannes, Brent Hecht, and Nicole Starosielski. "Evaluating
automatically generated location-based stories for tourists." CHI'08 EA. ACM.
[22] Arkenson, C., Chou, Y. Y., Huang, C. Y., & Lee, Y. C.. Tag and seek: a
location-based game in tainan city. In CHIplay’24 (pp. 315-318). ACM.
[23] Ballagas, Rafael A., Sven G. Kratz, Jan Borchers, Eugen Yu, Steffen P. Walz,
Claudia O. Fuhr, Ludger Hovestadt, and Martin Tann. "REXplorer: a mobile,
pervasive spell-casting game for tourists." In CHI'07 EA, pp. 1929-1934.
[24] B. Bonné, A. Barzan, P. Quax, and W. Lamotte. 2013. WiFiPi: Involuntary
tracking of visitors at mass events. In World of Wireless, Mobile and Multimedia
Networks (WoWMoM), 2013 IEEE 14th International Symposium and Workshops
on a, 1–6. https://doi.org/10.1109/WoWMoM.2013.6583443.
[25] Timothy Sohn, Alex Varshavsky, Anthony LaMarca, Mike Y. Chen, Tanzeem
Choudhury, Ian Smith, Sunny Consolvo, Jeffrey Hightower, William G. Griswold,
and Eyal de Lara. 2006. Mobility Detection Using Everyday GSM Traces. In
UbiComp
2006:
Ubiquitous
Computing,
212–224.
https://doi.org/10.1007/11853565_13.
[26] M. B. Kjærgaard, M. Wirz, D. Roggen, and G. Tröster. 2012. Mobile sensing of
pedestrian flocks in indoor environments using WiFi signals. In 2012 IEEE
International Conference on Pervasive Computing and Communications, 95–102.
https://doi.org/10.1109/PerCom.2012.6199854.
[27] Nunes, Nuno, et al. "Beanstalk: a community based passive wi-fi tracking
system for analysing tourism dynamics." Proceedings of the ACM SIGCHI
Symposium on Engineering Interactive Computing Systems. ACM, 2017.
[28] Chung, N.; Koo, C.; Lee, K. Assessing the impact of mobile technology on
exhibition attendees’ unplanned booth visit behaviour. Sustainability 2017, 9, 884.
[29] Wajcman,J.(2008).Life in the fast lane? Towards a sociology of technology and
time.The British Journal of Sociology, p. 66. 59(1) 59-77.
[30]Holzer,A.;Ondrus,J.Mobileapplicationmarket:Adeveloper’sperspective.Telemat.I
nform.2011,28,22–31.
[31]Charland,A.;Leroux,B.Mobileapplicationdevelopment:Webvs.Native.Commun.
ACM2011,54,49–53.
[32]Lu,J.;Mao,Z.;Wang,M.;Hu,L.Goodbyemaps,helloapps?Exploringtheinfluentialde
terminantsoftravel app adoption. Curr. Issues Tour. 2015, 18, 1059–1079.
[33] Park, B.; Yim, J. Design of an android app for gyeongju smart tourism. In
Computer Science and Its Applications; Jeong, H.Y., Stojmenovic, I., Park, J.J., Yi,
G., Eds.; Springer: Berlin/Heidelberg, Germany, 2015; Volume 330, pp. 991–995.
[34]Palumbo,F.Developinganewserviceforthedigitaltravelersatisfaction:Thesmarttour
istapp.Int.J.Digit. Account. Res. 2015, 15, 33–67.
[35]J. L. Wang and M. C. Loui, “Privacy and ethical issues in location-based
tracking systems,” 2009, pp. 1–4.
[36]A. Bhaduri, “User Controlled Privacy Protection in Location-Based Services,” p.
131.
[37] Fredrickson, B. L., & Kahneman, D. (1993). Duration neglect in retrospective
evaluations of affective episodes. Journal of Personality and Social Psychology,
65(1), 45-55.
[38] Shan Jiang, Joseph Ferreira, and Marta C. González. 2012. Clustering daily
patterns of human activities in the city. Data Mining and Knowledge Discovery 25,
3: 478– 510.
[39] Alejandro Santos Martinez Sala, Raul Guzman Quiros, and Esteban Egea Lopez.
2010. Using neural networks and Active RFID for indoor location services. In 2010
European Workshop on Smart Objects: Systems, Technologies and Applications
(RFID Sys Tech), 1–9.
[40] Timothy Sohn, Alex Varshavsky, Anthony LaMarca, Mike Y. Chen, Tanzeem
Choudhury, Ian Smith, Sunny Consolvo, Jeffrey Hightower, William G. Griswold,
and Eyal de Lara. 2006. Mobility Detection Using Everyday GSM Traces. In
UbiComp 2006: Ubiquitous Computing, 212–224.
[41] Belim, V., Lyra, O., Teixeira, P., Caraban, A., Ferreira, M. J., Gouveia, R., ... &
Karapanos, E. (2014, November). Beyond gamification: sociometric technologies
that encourage reflection before behavior change. ACE' 2014 (p. 27). ACM.

