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Figure 1. Example of an Opportunistic Deployment: We deployed an interactive food station (left) at a major European Airport. The station allows

passengers to purchase food packages through (a) a display directly at the station (left) or (b) by using one of seven tablets (right) distributed in the
baggage claim area. After purchase, participants can pick up the food package from one of the station’s compartments (middle).

ABSTRACT

In this paper, we report on the design, development, and de-
ployment of an interactive shopping display at a major Euro-
pean airport. The ability to manufacture displays in arbitrary
size and form factors as well as their networking capabilities
allow public displays to be deployed in almost any location
and target a huge variety of audiences. At the same time, this
makes it difficult for researchers to gather generalizable in-
sights on audience behavior. Rather, findings are often very
specific to a particular deployment. We argue that in order to
develop a comprehensive understanding of how successful in-
teractive display installations can be created, researchers need
to explore an as large variety of situations as possible. We
contribute to this understanding by providing insights from
a deployment in a security critical environment and involv-
ing multiple stakeholders where the audience is encountered
in different situations (waiting, passing-by). Our insights are
valuable for both researchers and practitioners, operating in-
teractive display deployments.
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INTRODUCTION

Today, interactive public displays can be manufactured in ar-
bitrary size and form factors, hence allowing them to be de-
ployed and studied in a large variety of locations and con-
texts, including deployments in shopping centers [25], public
squares [2, 23, 30], libraries [2, 14, 23, 30], universities [16,
17, 18, 20, 40], super markets [14], retailers [28, 32], and
cafes [33, 37]. This diversity poses a major challenge to dis-
play research, since generalizable insights are difficult to ob-
tain. For example, a display application being successful in
one location may be ignored by the audience in another lo-
cation. Also for the same deployment, usage patterns and au-
diences may strongly differ. For example, a display may be
encountered by school children in the morning, employees at
lunch, commuters in the afternoon, and shoppers at night.

We argue that the only way to address this is by adding to
the rich body of research on public displays, focussing on the
peculiarities of a particular deployment on one side, as well
as on similarities with other deployments on the other side.
Thus, an enhanced understanding of deployment-dependent
and deployment-independent aspects can be obtained.

In this paper, we report on the deployment of interactive dis-
plays in an airport environment. In particular, the display al-
lows food packages to be purchased and picked up at a food
station in the baggage claim area. At the focus of our re-
search is the design and development process of the installa-
tion. We shed light on the interplay of the different stakehold-
ers (the place owner, the display provider, the supplier, the
consumers), report on how the design of the station was in-
formed through market research, and provide insights on the
development process. Our research is complemented by both
a qualitative and quantitative evaluation of the deployment.



Findings from our research are interesting for researchers
who plan to conduct work in a security-critical environment
with many stakeholders involved. At the same time, our re-
search is also valuable for display researchers in general,
since the deployment allowed us insights to be obtained on
a very diverse audience encountered in different situations.

INTRODUCTION TO DEPLOYMENT-BASED RESEARCH
At the outset of this research we provide an introduction to
deployment-based research in general as well as to different
forms of deployment-based research in particular.

Definition

Today, there is a lot of confusion — even within the re-
search community — as to what deployment-based research is.
Kriiger et al. describe deployment-based research as follows:

“Deployment-based research aims at gaining both tech-
nical insights as well as insight from users. This ap-
proach involves a cycle where theoretical issues and
knowledge developed via reflection on empirical ob-
servations are used to design systems that are subse-
quently deployed to test and explore the theories in ques-
tion. Such deployed systems then create new contexts
in which to observe user behavior, thus leading to new
insights, discoveries and a further refinement of the the-
oretical understanding.” [21]

What is important to note is, firstly, that deployment-based
research describes a form of study where an artefact is intro-
duced into everyday life without users being made aware of
this. This is in contrast to field studies, where investigations
are conducted in a real environment, but users are aware of
them being subject to an investigation. For a detailed descrip-
tion of different study paradigms we refer to the work of Alt
et al. on the evaluation of public displays [5].

Furthermore, this description suggests a cycle where — based
on the findings — the subject of investigation is iteratively re-
fined and re-deployed. Such refinements can be rather subtle
(for example, changing certain elements of a system’s user in-
terface) or be more fundamental (for example, changing the
deployment location). A good example is Looking Glass [28]
where the authors describe how their deployment was refined
in multiple steps. Prior to the deployment in the shop win-
dows of a retailer, the authors investigated passersby’s atten-
tion towards each window. They found the shop windows to
receive different amounts of attention due to a nearby traffic
light. Subsequently the display was placed in a high-attention
window. A few days into the study they noticed that their
way of communicating interactivity created a landing effect,
where people only noticed the interactive deployment as they
had already passed it. While some people returned, many con-
tinued their way. To address this, the authors decided to place
a second display in another shop window along the trajectory
of users, which in turn led to additional interactions.

Deployment-based research may also eliminate the novelty
effect, that is prevalent for other study paradigms (lab or field
studies). Hence, findings from deployment-based research are
usually of very high ecologic validity.
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Figure 2. Opportunities for deployment-based research: As technologies
become available for the mass market, deployment-based research be-
comes feasible. Wide commercial uptake further supports this, enabling
opportunistic deployments.

Finally, there are research questions that can only be investi-
gated using deployment-based research, since only here users
are not aware of the subject under investigation. This includes,
among others, studying attention towards displays, audience
behavior, social impact, as well as privacy concerns.

Note, that ’deployment-based research’ is not equivalent to
‘research in-the-wild’ [10]. In our view, ’deployment-based
research’ is just one possible form of conducting research in-
the-wild among others, as is field studies.

When to Conduct Deployment-based Research

In contrast to much of the research we see being conducted
in HCI, deployment-based research depends on technology
being available to the mass market. As can be seen from Fig-
ure 2, fundamental research leads to fechnology innovation
first (an example is the invention of eye trackers in the early
20th century'). At some point, research may take up on this
technology and further explore it in the laboratory, leading
to what is commonly referred to as applied research and in-
dustry research. For example, the 1970s witnessed a lot of
applied research on eye tracking in the scientific community
[19]. At the same time, eye tracking was applied in indus-
try, for example in the context of marketing research. It was
then in the 2010s that eye tracking started to enter the mass
market, driven by startups, such as Eye Tribe? or Pupil Labs?
who started producing eye trackers for a consumer mass mar-
ket. At the same time, also established eye tracking compa-
nies started to sell low cost versions of their tracking hard-
ware for a wide audience (for example, the Tobii EyeX*). In a
next step, as a result of commercial uptake, eye trackers may
find their way into laptops, cars, and TVs. As a result a lot of
deployment-based research can be expected to happen in this
area in the years to come.

A similar development could be observed for large displays.
As aresult of falling prices in the 2000s due to the emergence
of a mass market, not only large outdoor advertisers could af-
ford the deployment of large screens, but also malls, airports,
libraries, municipalities, and retailers started to deploy their
own displays or built up entire display networks.

1Eye Tracking History: http://eyesee-research.com/news/
eye-ttacking-through-history/

*EyeTribe: https://theeyetribe.com

3Pupil Labs: https://pupil-1labs.com

*Tobii EyeX: http: //www.tobii.com/xperience/


http://eyesee-research.com/news/eye-ttacking-through-history/
http://eyesee-research.com/news/eye-ttacking-through-history/
https://theeyetribe.com
https://pupil-labs.com
http://www.tobii.com/xperience/

Research-driven vs. Opportunistic Deployments

Today, there seems to be a continuum spanning from research-
driven to opportunistic deployments. While, in general, the
former is a result of researchers trying to answer a particular
research question in the first place, the latter is usually the
result of commercial interest. For example, a shopping mall
may decide to deploy a display network with the aim to better
advertise products to customers or provide interactive store
finders. As researchers get access to such deployments, inter-
esting opportunities arise. In the following we describe the
characteristics of both types of deployments.

Characteristics of Research-Driven Deployments

As researchers set out to answer a particular research question,
a first step is to find an appropriate location for the deploy-
ment. This usually creates a need to identify the responsible
stakeholders, most importantly the owner of a place. Much of
the research-driven deployments in recent years where con-
ducted on University premises (close to cafeterias [18, 26,
40], in front of lecture halls [41], or in the entrance area of
university buildings [1]). Since there is often no (strong) com-
mercial interests involved, stakeholders (University adminis-
tration, cafeteria tenants, etc.) are in general open to such de-
ployments, since they create little effort on their side but are
expected to increase the value of a place.

At the same time, there may be a need to deal with ethics
and privacy [22]. For example, if a display is deployed in the
entrance area of a building and a camera is used to enable
interaction, it is in general possible to find find out when em-
ployees (professors, research associates, janitors, etc.) come
to or leave from work. In such cases it usually needs to be
ensured that no data is stored or that it is being anonymized
(for example, recording a depth video only).

A particular challenge in research-driven deployments is that
often there is little knowledge about the audience and their
behavior. This creates a need for researchers to first observe
the place, for example to identify trajectories, times were a
location is well frequented and who the audience is [28].

Finally, as the deployment is in place, there is usually a
high effort in terms of maintenance since researchers are self-
responsible to keep the deployment running and to check for
problems. This includes, for example, making sure that the
software is running robustly and researchers need to think
about how to access log data [24]. Furthermore, researchers
may struggle with issues such as people unplugging the dis-
play, detaching sensors, or even vandalism.

Characteristics of Opportunistic Deployments

In opportunistic deployments, the owners of spaces or dis-
plays (for example, airports, shopping malls, retail stores, li-
braries, etc.) may provide researchers access to their infras-
tructure. A major advantage is the high degree of realism in
such deployments due to a very diverse audience that con-
siders the deployment as permanent part of the environment.
As a result, such deployment often lead to insights with very
high ecologic validity. Unlike in university settings, where a
deployment may still be considered a research project and

where people are in general very curious, in opportunistic set-
ting, people may not approach the display at all if it fails to
provide a sufficiently large benefit.

At the same time there are also challenges. There is often a
commercial interest (for example, using wayfinding signage
to replace information desks, drawing people’s interest to-
wards a shop, making sure people find a particular retailer
in a large mall, etc.) and there are usually many stakeholders
involved whose interests need to be considered [3]. Further-
more, there may be strong requirements with regard to the
application / content. This may include the need to adhere to
a corporate identity as well as application developers being
constrained to certain platforms and programming languages.
Finally, researchers need to come up with suitable hypotheses
that can be assessed given the constraints of the deployment.

Note, that this classification into opportunistic and research-
driven deployments is rather a continuum. There are exam-
ples of deployments that, despite being very opportunistic,
still allowed for a strong research focus.

BACKGROUND AND RELATED WORK

Since large screens became commercially available, a lot of
deployment-based research on public displays has been con-
ducted. Table 1 summarizes examples from the past 15 years.

In the early 2000s, deployments were mainly conducted in
office spaces and research labs, due to the fact that display
hardware was still expensive and not ready for use outside
the lab [15]. At the focus of research were door displays as
well as displays that aimed to increase workplace awareness
and the sense of community in workplaces. Popular examples
were the Hermes Door displays [11] at Lancaster University
or the Plasma Poster Network [12].

In the mid 2000s, display research finally left lab spaces and
the research focus shifted towards promoting social interac-
tion and supporting communities. An example was AwareMe-
dia, a public display deployed in a hospital setting with the
goal to support a highly cooperative workflow [6]. Another
example, the Opinionizer system, allowed people to publicly
share views and opinions and allowed others to observe and
comment on them [9].

Finally, in the late 2000s, long-lived deployments emerged,
both on research campuses (for example the eCampus system
[35]) as well as in city centers (for example the UbiOulu net-
work [30]). Those networks allowed a myriad of different ap-
plications to be deployed and tested. Of particular interest is
the UbiChallenge, a research contest organized by the Univer-
sity of Oulu that allows researchers from all over the world to
deploy and test their display applications [29].

Apart, researchers conducted shorter deployments (1-4
weeks), mainly in University setting, with the goal to better
understand user behavior. In particular, a lot of research was
conducted on gesture-based interaction, looking for example
at how interactivity can be conveyed [28], how gestures can
be communicated [40], and how gestures can be used to cre-
ate engaging applications that make users actively participate
in urban polling [39].



Project Name

Location

Description

Plasma Poster Network [12]

Office space (corridor, foyer, kitchen)

Investigated content sharing between colleagues with the aim to increase social interaction

Hermes Photo Display [11]

Office space

Investigated interaction with public displays using mobile phones

AwareMedia (6]

Hospital

Supported people in coordinating highly cooperative work in a critical setting

Opinionizer [9]

Book Launch Party / Welcome Party

Allowed people to share their views and opinions in a way such that others could observe and
comment on them

CityWall [31]

Shop window in a city center

Looked at how people collaboratively interact with a large multi-touch display, focusing on
teamwork, negotiation of handovers, and conflict management

Wray Photo Display [37]

Village shop, community center, cafe

Investigated how a public display can support a village community

Nnub [32]

General store

Investigated how a public display can support local place-based community communications

MobiDiC [27] Signage integrated with phone booths in a  Investigated a prototype that allowed content to be tailored to the display context as well as to
city center track people as they retrieved coupons from the display and redeemed them in local stores
Digifieds (2] Public Square and Library Investigated how people use a digital public notice area in the wild, comparing different interac-

tion techniques for content retrieval

FunSquare [23]

Public Square and Library

introduced the concept of autopoiesic content and investigates social behavior of passersby

Looking Glass [28]

Retail store

Investigated how interactivity of an interactive display can be conveyed to the audience

Chained Displays [38]

University cafeteria

Investigation of how different display configurations impact on audience behavior

Strike-A-Pose [40]

Entrance area of a University cafeteria

Compared different ways of embedding gestural cues into an interactive game

Moment Machine [24]

Two Shop Windows

Investigated how posting situated snapshots on public displays impact on communities

Squaring the Circle [8]

University building

Investigated how frames on a display impacts on how people position themselves while interact-
ing

Gaze Horizon [41]

University building

First in-the-wild investigation of a public display employing gaze interaction

Communiplay [26]

University cafeteria

Investigated audience behavior as displays enable interaction across multiple displays in a net-
work, showing a representation of remote players

UniDisplay [4, 18]

University building, cateferia

Investigated the influence of delays through content moderation on displays that support user-
generated content

MpyPosition [39]

Cultural event center, University cafeteria

Investigated how an engaging public display can effectively engage passersby to participate in
public discussions

Puppeteer Display [7]

Street-facing window of a University
building

Investigated ways of guiding multiple users interacting with a wide public display

GravitySpot [1]

Entrance area of a University building

Investigated how visual cues on a display can be used to guide people to a sweet spot in front of
the display

AR See-Through Displays [14]

Supermarket & Public Library

Introduced a public augmented see-through reality display and compared different visualizations
with regard to attention

Table 1. Examples of deployment-based research within the pervasive display community. The vast majority of research has been conducted in university

settings or urban public spaces. At the same time, little research focused on specific environments (train stations, airports, etc.).

What is striking, though, is that — with the exception of pub-
lic squares and libraries — only few projects investigated areas,
such as shopping malls, train and bus stations [34], as well as
airports [13, 36]. We believe such environments to see a lot
of interactive display deployments in the future. At the same
time, little knowledge exists about the challenges and oppor-
tunities offered by such spaces. We believe a reason for this
to be that it is usually difficult for researchers to get access to
such environments.

This paper contributes to close this gap by presenting a case
study on a deployment at a major European airport. We re-
port on the requirements analysis, implementation, deploy-
ment, and evaluation of an interactive food station. This de-
ployment allowed us valuable insights to be gathered that we
hope to be useful for researchers as well as practitioners who
seek to deploy interactive displays in similar environments.

EMMASBOX — AN INTERACTIVE FOOD STATION

Having experience with public display deployments for many
years, we were approached by a company who manufactures
food stations. These cooled and automated delivery stations
allow customers to purchase food product through an online
store which are then delivered to the stations through a su-
permarket. Seeking for future markets, the company initiated
a collaboration with the Airport of Munich (Germany) with
the goal of deploying a food station, allowing passengers to
make purchases as they arrived at the airport. The idea was
motivated by the assumptions that people coming back from
medium to long-term trips might be interested in immediate
food consumption or stocking up their fridge.

What is important to know in this context is that the state of
Bavaria enforces a strict store hour law that forbids any sales
activity after 8pm and on Sundays.

Requirements Analysis

At the outset of the project, a requirements analysis was con-
ducted through the Airport of Munich with the goal to inves-
tigate the potential of sales in the baggage claim area through
an interactive food station. To this end, 520 people were re-
cruited in the arrival area of the airport to fill in a survey as-
sessing their interest in a ‘virtual supermarket’. In particular,
people were asked for gender, their purpose of travel, their
willingness to make purchase while they waited for of after
they collected their luggage, which articles they would be in-
terested in, and how much money they would spend.

Overall, 520 people participated in the survey (227 female,
293 male). Out of all participants, 65% traveled for private
reasons and 35% were business travellers.

According to the answers, 54% of passengers would be in-
terested in making purchases while waiting for their luggage.
The vast majority (56%) was interested in food, while other
products included drugstore items (12%), printmedia (10%),
and cosmetic products (8%) (Figure 3). To spend the waiting
time for the luggage usefully, the persons indicated that they
would like to purchase main courses costing up to € 10.

Based on the results, the decision was made to offer food
packages in the baggage claim area. Note that for logistic rea-
sons, the purchase of customer-defined packages (as offered
for the publicly deployed food stations) was not feasible.
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Figure 3. Survey results: Passengers were mainly interested in the pur-
chase of food as they arrived at the baggage claim area.

Stakeholders

Different stakeholders were involved in the deployment. In
the following we briefly describe their responsibilities, needs,
and the interplay between the stakeholders.

Place Owner Being the owner of the place, the main moti-
vation of the Munich Airport GmbH was to make travel-
ling more comfortable for the passengers (seamless travel).
Their responsibility included making the final decision
with regard to the location of the deployment.

Station and Software Provider The manufacturer of the sta-
tion and provider of the software was the open ideas GmbH.
Their responsibility was to provide the hardware and to
develop the software needed to run the installation. This
included the backend, user interface and means to enable
payment at the station.

Supplier The station was supplied by a large German super-
market chain that operates two supermarkets at the airport.
Their responsibility also included the selection of the food
packages offered at the station.

Passengers The passengers arriving at the baggage claim are
the potential customers of the food station. On average,
44.000 pass the baggage claim area daily. Given the results
of the survey, the potential number of customers amounts
to 4.8 million people per year.

Other Stakeholders Further stakeholders playing a role dur-
ing the project include customs and store owners (particu-
larly those located close to the exit of the baggage claim).

In addition to the aforementioned stakeholders, two re-
searchers with expertise in interactive public displays were
involved in the project. They took the role of consultants and
passive observers who joined several meetings between the
other stakeholders and provided advice on various aspects of
the deployment.

Display Location

The next step was to decide on the location of the station.
This turned out to be a major challenge due to the needs and
interests of the different stakeholders.

At the beginning of the discussion, the idea was to place the
station close to the exit of the baggage claim where all passen-
gers need to pass by as they collect their luggage and leave
the area. However, this turned out to be not feasible since cus-
toms is required to have a clear view of the area and passen-
gers approaching the exit. As an alternative, the opportunity
of deploying the station in front of the exit of the baggage
claim area was considered. The challenge here was, that due
to its size, the station would have occluded the view of passen-
gers towards the stores located just outside the exit. This may
have had a negative influence on the number of customers
of these stores. In addition, it was not clear, whether people
would have still been motivated to approach the station at this
point, given that they would have already been on their way
to public transport or their car. Finally, since the station was
too large to fit in between the baggage carousels, the deci-
sion was made to deploy it close to the stairway from which
passengers entered the area. To additionally approach passen-
gers directly at the baggage carousels, an idea was to place
six tablets in the baggage claim area that would allow passen-
gers to browse the available food packages as well as to make
reservations for later pickup at the station while they waited
for their luggage. The final deployment location of the station
and tablets is depicted in Figure 8.

IMPLEMENTATION

Next, we describe the technical implementation. To clarify
the interaction process, we first introduce a short purchase
scenario. Afterwards, we describe the system architecture as
well as the different components of the system.

Purchase Scenarios

Purchase of food packages is possible directly at the station.
Therefore, the customer walks up to the station which is
equipped with a public display. Using the touchscreen mon-
itor, the customer can browse 7 different food packages. As
the customer made the decision for a particular package and
placed it in the shopping cart it is possible to proceed to the
checkout. The customer pays the food package(s) through a
payment terminal. After that, the customer can pickup his
food package from one of the station’s 63 compartments.

In an alternative scenario, a customer approaches one of the
tablets at the baggage claim and browses the available food
packages using the same interface as at the station. Again,
packages can be stored in a shopping cart. Instead of the
checkout, customers using the tablet are provided a reserva-
tion code and the food package is reserved at the station for
a duration of 30 minutes. The customer may then proceed to
the station and enter the reservation code. The food package
is loaded into the shopping cart of the station and the inter-
face continues to checkout. Then, the customer can, similar
to the first scenario, make the purchase through the payment
temrinal and pickup the package.

System Architecture

Figure 4 depicts the system architecture and its different com-
ponents. The food station consists of a local database, contain-
ing information on the compartments of the station as well
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Figure 4. System Architecture: A central database connects the station
and the tablets. Both station and tablets employ a so-called online shop,
allowing customers to browse and select available food packages. Com-
munication is realized through a REST web service.

(b)

Figure 5. Overview and detailed view of a offered food package, as pre-
sented on the station and tablets.

as on the purchase and interaction history. The station soft-
ware is responsible for controlling the compartments. It is
connected (a) to the payment terminal as well as (b) to the
user interface that allows the food packages to be browsed
and put into the shopping cart (referred to as ‘online shop’
in Figure 4). The same online shop is running on the fablets,
the only difference being the reservation feature. The tablet
is connected to a SQL database storing interaction data. A
central station database complements the architecture. The
database syncs with all food stations (in our case there is only
one food station) and contains all available content. Both the
online shop on the station as well as the tablets query this
database to check whether a particular food package is avail-
able and to make a reservation of the respective compartment.

The local database of the station is synchronized with the help
of a REST web service. This makes it possible for the online
shop to request, for instance, occupied compartments.

System Components
In the following we provide additional details on the different
system components.

online shop

The online shop is the main contact point for customers. It
shows an overview of the offered food packages and a de-
tailed view of their contents (see Figures 5a and 5b).

The user interface was built for both, the station and the
tablets, but, as previously mentioned, with slightly different
functions. The customer could select an arbitrary number of
packages — given that the packages are still available — and

ME
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Figure 6. Video clip: To attract the attention of passersby and communi-
cate the purpose of the tablets, we created a short video clip. It focused
on communicating the concept of the food station as well as the required
steps to make a reservation and pick up the package at the station.

put them into a shopping basket view. Whether a package is
available is checked through a request to the REST web ser-
vice. The web service responds with a list of occupied com-
partments of the station and the online shop looks up which
food packages are stored in these compartments in its own
database. Customers at the tablets can reserve the packages
afterwards upon availability. Customers who are directly at
the station are redirected to the pickup user interface of the
station software.

Payment Terminal

With the help of an interface from the station to a payment ter-
minal users are able to pay selected menus with EC or credit
card directly at the station.

Station Compartments

Following payment, the station opens the compartment(s)
with the bought package(s). Due to the modular construction,
the station software is able to communicate with all compo-
nents. In addition, the station is responsible for controlling
the temperature and the mechanism for opening and closing
the compartments. A local database is used for saving the oc-
cupancy of the compartments.

Video Clip

To attract the passersby’s attention, raise curiosity, and com-
municate the purpose of the tablets, a short video clip was
produced and deployed as a screensaver at the tablets. The
video shows an aircraft landing, passengers getting off and
waiting at the baggage claim for their luggage (see Figure 6a).
Then, a passenger notices the tablet standing next to the bag-
gage carousel, gets curious and interacts with the display. In
the following scene it is shown how to select and reserve a
food package in the online shop (see Figure 6b). After the
person picked up his luggage, he proceeds to the food station,
pays the already reserved food package and the compartment
of the station opens.

The video is constantly shown on the tablet. Touching the
tablet interrupts the video and the customer sees the home
screen of the online shop. In case of no activity for more
than 60 seconds, the screensaver automatically starts again.
To make the customers understand that they are able to inter-
rupt the video at anytime, the video constantly shows two but-
tons. To invite interaction, one button is labeled “Select your
food package now”, while the other button shows the home
icon.



Figure 7. Entrance to the baggage claim area. As passengers come down
the stairs, the food station is located to their left. However, passengers
usually make their way to the right baggage claim first. Only as they are
waiting for their luggage they become interested in airport services, such
as the food station.

Airport - baggage claim Display

S e
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Figure 8. Map of baggage claim area with passenger trajectories. Pas-
sengers enter the area via stairs before making their way to the baggage
claim area. After luggage pickup, passengers directly make for the exit
of the area.

DEPLOYMENT
After the development of the software, both the station and
the tablets were deployed in the baggage claim area.

As we previously mentioned, the station was installed next to
the stairs at the entrance of the baggage claim area. Passen-
gers passing by could see the back side of the food station (cf.
Figure 7).

Seven tablets were spread around in the baggage claim area
with the aim to further increase awareness of the presence
of the station. The tablets were located near the baggage
carousels where the passengers were met while waiting for
their luggage. A map of the baggage claim area and the pas-
senger trajectories can be seen in Figure 8.

Our installation was available to the passengers for six month.
Research, including logging, interviews and observations,
were conducted in a period of four weeks (24.08.2015 —
13.09.2015 and 17.09.2015 — 24.09.2015). The observations
and interviews took place on four selected days. This was
a results of the limited access to the baggage claim area be-
cause of the security critical environment. The interviews
were semi-structured in order to gather new insights in the
perception and usage of public displays.

All user interactions at the station and at the seven tablets
were logged and stored in a local database.

It is worth to note that the tablets had no open power sockets
and thus had to be regularly recharged by the airport staff.
As a consequence, tablets were occasionally running out of
battery and hence did not run during the whole deployment.
In contrast the station was available 24/7.

RESULTS

In the following we provide a brief summary of findings from
the deployment, including both qualitative and quantitative re-
sults. From a research perspective, we were mainly interested
to (1) find out how many people interacted with station and
tablet, (2) see whether the second screens (the tablets) could
serve as an attractor to the main display (station), and (3) to
understand people’s behavior and identify behavior patterns
in the waiting situation around the baggage carousel,.

Data Recording and Analysis

We collected interaction logs during 28 days of deployment.
Every touch event was recorded and timestamped. While the
station was available 24 hours per day and 7 days per week,
tablets were active on average for 14 days.

To obtain an estimate on the number of people who used
both stations of tablets as well as their interaction times, we
grouped all clicks with less than 60 seconds in between, as-
suming that after 60 seconds of inactivity, a new user started
to interact. For each group, we then calculated the time differ-
ence between the first and last click.

Qualitative data were gathered during four sessions on four
different days while the deployment was active. In the first
session we exclusively focused on the station. During the
other sessions, we focused on the tablets and their vicin-
ity. We conducted observations and ran semi-structured inter-
views with passengers who (a) did not notice the display, (b)
noticed the display and (c) interacted with the display.

Quantitative Findings
As pointed out before, on average 44.000 passengers pass
through the baggage claim area every day.

The station was active for 672h and a total of 1397 persons
interacted during that time. This amounts to about 50 passen-
gers per day. People interacted on average for 24 seconds and
made 4 clicks. The number of interactions varied between the
weekdays. We saw peaks on the weekend, confirming our as-
sumption that most people would be interested in the service
on days where shops were likely to be closed. This is also re-
flected by the distribution of menus sold. From 53 menus, 22
were sold on Saturdays and Sundays.

The tablets were active for 1535h and in total 899 passengers
interacted. The average interaction duration was 69 seconds.
103 reservations were made, but none of them was picked up.

Qualitative Findings

From our observations we found that many people did not no-
tice the station and tablets as they entered the baggage claim
area. We believe this to be a result of people being very fo-
cused on finding their baggage carousel in the first place.
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Figure 9. Number of passengers interacting: most interaction occurred
on the weekend as shops outside the airport were more likely closed.

Once people arrived at the correct carousel, they were more
likely to approach the tablets, in particular if baggage deliv-
ery was delayed. While this partially confirmed our assump-
tion that people could be easily targeted in a waiting situation,
there was also a significant number of people whose focus re-
mained on the baggage carousel as they waited. From this we
learn that it would be crucial to direct people’s attention away
from the baggage carousel, for example through another dis-
play or signage positioned on the belt. While additional sig-
nage was located on the carousel, it could not be used for this
purpose since it was rent out exclusively to an advertiser.

In addition, we observed a strong honeypot effect, i.e., as
people started interacting with the tablet, this also raised the
curiosity of other travellers, many of which eventually ap-
proached the tablet as other passengers left.

Interestingly, we observed some occasions where no inter-
actions occurred any more as the space around the carousel
filled with people. Such a situation is depicted in Figure 10.
A reason for this might have been people being afraid of oth-
ers picking up their luggage once delivery started and they
hence stayed focused on the carousel. Or they may have been
afraid of social embarrassment in case they started interacting
with the tablet and being exposed to onlookers.

We found that once the baggage carousel started moving —
independent of whether or not luggage was delivered — the
tablets received no attention at all any more. This suggest that
in order to maximize the opportunity for interaction, conveyor
belts should only be turned on shortly before delivery.

Of those people who started interacting with the tablet, we
found the majority to browse through the menus and occa-
sionally put them into the shopping cart. There were instances
where people repeatedly clicked the home button. We believe
they tried restarting the video, which was not possible but hap-
pened automatically after 60 seconds of idle time.

With regard to the packages we found that only few were
popular among passengers. Interviews revealed that food that
could be instantly consumed was among the favorites among
customers. Furthermore, the most popular food package was
the only one to contain something to drink.

Figure 10. The tablets received little attention once the baggage carousel
started moving. Also, many people in the vicinity seemed to prevent peo-
ple from approaching the tablet and starting to interact.

Finally, no passenger who made a reservation picked it up at
the station. Interviews revealed that in many cases it was not
clear where to pick up the package. While some passengers
thought the pickup location to be the supermarket outside the
baggage claim area, others were not able to determine the lo-
cation of the station. Though we do not have any evidence for
this, we believe that also many people considered the effort
to pickup the package after collecting their luggage to be too
high or they may have even forgotten about the reservation by
the time they had their luggage.

Post-Deployment Activity

Clearly, the deployment was unsuccessful from a commercial
perspective with very low interaction numbers and purchases
being made. This was partially a result of the constraints im-
posed by the need to cater to the needs of the different stake-
holders. Over the duration of the deployment, observations
and interview led to a better understanding of shortcomings
in the deployment. As a result, we developed ideas and strate-
gies as to how the deployment could be improved. Many of
them took a significant time to implement, yet led to signifi-
cant improvements, i.e. an increase in the number of interac-
tions and packages sold.

Firstly, food packages were reconfigured so as to contain
drinks and instantly consumable food. This took significant
time to realize, since new high-quality images of the pack-
ages needed to be produced and the description of packages
shown in the onlineshop needed to be changed.

Secondly, additional analog signage in the form of arrows on
the floor pointing towards the station were added in the tablet
vicinity. Again, this included a tedious process of produc-
ing the signage, obtaining permission for deployment (mainly
due to fire protection requirements), and installing it.

Thirdly, the location description of the station on the tablets
was improved through more concise text and an enhanced
map of the area.



LESSONS LEARNED AND RECOMMENDATIONS

We summarize learnings from the deployment. While some
of them are unique to the environment, many of them are gen-
erally applicable in deployment-based research.

Importance of Location and Required Effort

From previous deployments it is well known that the loca-
tion of a display plays a crucial role when it comes to inter-
action [28]. In particular in areas where waiting times occur
(for example, in coffee kitchens, at bus stops, etc.) passersby
are likely to interact. While this was clearly the case while
people waited for their luggage, we did not expect that while
waiting for luggage, people would not at all move away from
the location of the baggage carousel. Furthermore, as soon as
people received their luggage, their aim was to reach the exit
as soon as possible. In this situation, the effort for making a
detour to pick up the food package seemed to outweigh the
expected benefit.

Keeping the effort for users as low as possible is crucial for
the success of any deployment. We learned that while using
tablets is suitable to increase the awareness of people (for ex-
ample, on the existence of a particular service), they may not
be suitable to convince people to take a detour in order to
benefit from the service. Hence, ways need to identified as to
how the motivation of people can be increased, for example
through discounts based on the distance or by allowing peo-
ple to make instant purchases (i.e., payment directly at the
tablet).

Engagement With Stakeholders and Value Proposition
Another major challenge in the deployment was catering to
the needs of many different stakeholders and their commer-
cial interests. In contrast to deployments at universities and in
urban areas where the deployment of a display is usually con-
sidered as an added value, stakeholders at the airport seemed
to be afraid of additional signage attracting away the attention
of passersby. Clearly our deployment could have benefited
from a different location. To compensate for a decrease of at-
tention towards other stakeholders, the food packages could
have contained coupons to be redeemed in nearby stores.

Researchers need to, early in the deployment, identify the
needs of different stakeholders. In case of conflicting goals,
which are, however, mission critical, ways need to be identi-
fied how other stakeholders can be compensated and syner-
gies be utilized.

Getting the Content Right

In most research-driven deployments, content plays a sec-
ondary role. There, the primary aim of content is to attract
people in the first place, for example through an interactive
game. Moreover, in research-driven deployments it is often
not even desired to maximize interaction times with the dis-
play, since the goal might be to throughput as many users
as possible. In opportunistic deployments with stakeholders
having a commercial interest, however, content is crucial and
needs to ultimately generate revenue. At the same time iden-
tifying the right content may be challenging. For example,
in the case of this deployment, no prior knowledge existed

as to how the composition of the food packages should look
like. Hence, the only opportunity is to modify the content un-
til it is of sufficient attractiveness to customers. An interview
with an operator of another vending machine selling electron-
ics revealed similar challenges. Indeed it took them about 24
months to select the best selling content for the station.

From a research perspective, the solution to getting the con-
tent right is quick iterations. Therefore, the software should
be prepared for this, for example, by allowing parts of the
content to be exchanged quickly and easily — possibly with-
out requiring programming knowledge.

Concise and Easy-to-Understand Information

Conveying information to the passengers was a major chal-
lenge. Despite being in a waiting situation, people seemed
to have allocated a lot of their attention towards the baggage
carousel, leading to that they did not carefully read the instruc-
tions on the tablet. This may be similar in other situations, for
example people constantly observing the real-time departure
information while waiting for a bus. While using the video we
managed to clearly convey the purpose of the display, people
missed information on where to pickup the packages. These
information were shown in the form of a map and a text de-
scription. Other promising solutions could be to show analog
signage in the display vicinity to guide the user’s way. This
however requires that people can easily relate the off-display
signage to the content on the display.

From this we learn that information needs to be presented con-
cisely and that it needs to be easy to understand. Longer text
descriptions are easily missed, since people may not direct
their full attention towards the display in ‘split-attention’ situ-
ations (as was the case at the carousel). Hints could consist of
few words and additional hints in the environment could fur-
ther support people. However, such hints may need to be easy
to relate to the display, for example, through an appropriate
color coding or images (in our cases of a food package).

Few Iterations

During the deployment, a lot of improvements were identi-
fied. Due to the limited access to the area and the need to in-
volve different stakeholders it took not only significant time
to implement the improvements but also all of them were de-
ployed almost simultaneously. From a research perspective
this is problematic, because it is not possible to trace down
what in fact solved an issue. For example, the fact that after
the improvements, sales numbers increased could not easily
be attributed to improvements of the package content or an
enhanced description of the location of the food station.

Need for Flexibility

The overarching challenge we faced during the deployment
was the lack of flexibility due to (a) the security-critical envi-
ronment and (b) the large number of stakeholders and their
conflicting goals. This made both initial decisions as well
as later changes cumbersome. In general, it is advisable to
a-priori try and understand as much about the intended lo-
cation of the deployment and the behaviour of users as pos-
sible — for example through observations. At the same time,



deployments usually change the nature of a place leading to
unforeseeable changes in user behavior — or it is simply not
possible to predict how people will behave. As a result, re-
searchers need to be prepared to continuously observe the en-
vironments, its users, and their behavior. They should try to
ensure a high degree of flexibility with the deployment and
design for changes and short iteration cycles.

CONCLUSION

In this paper we provided an introduction to deployment-
based research. To support researchers in preparing and con-
ducting deployments, we provided a list of deployments that
have been conducted in the area of pervasive displays over the
past decades. We then reported on the opportunistic deploy-
ment of an interactive food station in an airport environment.
Evaluation of the deployment over several weeks yielded in-
teresting insights, allowed us to identify challenges, but also
revealed opportunities.

Clearly, researchers need to carefully think about whether or
not to take the effort required for participating or conducting
work in the context of an opportunistic deployment. As has
been stressed before, the strength is findings of very high eco-
logic validity that cannot be obtained otherwise. We hope the
lessons learned from the presented deployment to be useful
for other researchers as well as practitioners who plan to do
deployments in the same or similar settings.
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